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Abstract 

This study focuses upon the "Creative Exploitation of Electrodepositing 
Metals onto Glass" and primarily addresses the needs of the artist I 

craftsmen practitioner operating specifically within the technical, financial 

and practical limitations of the small scale studio environment. For this 
reason, although much of the research is of a scientific or technical nature 
it is fundamentally driven from an artistic and decorative imperative. 

The initial research centres upon culling information from a mishmash 
of different sources, to provide a historical literature survey of time spread 
techniques and contemporary practices within industrial and creative 
contexts. This traces the evolutionary development of the process from the 
1850's to the current day, and for the very first time establishes a single 
body of knowledge on the subject which documents the disparate and 
discrete applications and versions /approaches to the process and places 
them within a broad framework which identifies their similarities, 
differences and relativity's. This allows also for the first time, the 
generation of simple, repeatable versions of the process and indicates their 
possible application and exploitation. These are tested through empirical 
and pragmatic experimentation, and the tabulated results used to devise 
guidelines and a coherent code of practice capable of informing and 
directing the small scale studio activities of the artist / craftsmen. In 
particular methods of rendering the glass conductive known as metallizing 
are examined and evaluated in order to assess the feasibility of obtaining 
true adhesion (defined as an independent and tenacious bonding between 
the metal and the glass, although it is a conclusion of this research that 
electrodeposition on glass relies upon the principle of encapsulation). 

Parallel to this a series of samples are presented which explore the 
aesthetic and creative potential of the technique. Their existence as 
repositories and illustrations of possible further areas for exploration, 
demonstrate a repeatable and premeditated control over the textural and 
tactile electrodeposition of metals onto glass. Within this study their 
exploitation has been driven by a personal visual language towards the 
production of a body of exhibitable, quality artefacts. A further strand of 
this research examines the feasibility of using procedures and decorative 

effects identified for application in small scale studio as a basis for product 
development and consultancy work/practice within larger commercially 
directed environments. 
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Preface 

For the purpose of clarity, it is important that this thesis/dissertation is 

understood within its intended context, since this has influenced the way in 

which it has developed and evolved, and will have a direct effect on the 

reader's expectations. 
The origins of this research into the "Creative and Decorative 

Exploitation of Electrodepositing Metals on to Glass" lie within the 
parameters of a PhD study. As such, this project was originally defined 

against the background of CNAA booklet Research and Related 
Activities in Art and Design (1989 - VAL 104), which promoted a model 
of art and design research comprising of an equal division of quality 
creative work and conventional academic study. 

The research project was conducted within the auspices of 
Wolverhampton University, under the academic supervision of by 
Professor Keith Cummings (Reader in Research and an eminent glass 
artist) and Professor David Crow (Dean of Research and a distinguished 

electrochemist). Industrial sponsorship and support was supplied by W. 
Canning Ltd, who played a collaborative role in providing technical advice 
and professional expertise. 

The electroplating facility used throughout the course of the research 
was moderate in size but comprehensive. This comprised of an 80 litre 
tank, containing an acid copper sulphate electroplating solution. For the 
purpose of conducting analysis procedures and for ease of maintenance, a 
proprietary solution, purchased under the trade name of "Cuprasol Mark 
5", was selected for use. This was employed for the vast majority of 
research activities, although where necessary the sponsoring company 
provided access to additional plating processes 
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Abbreviations 

The following abbreviations are used within the text. Equivalent 

abbreviations are used to express both singular and plural quantities. 
Unless otherwise stated all measurements are imperial/British. 

Length 
um micron (0.001mm) thou a thousandth of an inch 
mm millimetre In or " inch 
cm centimetre ft foot 
m metre 

Area 
cm2 square centimetre in2 square inch 
dm2 square decimetre ft2/ft sq. square foot 
m2 square metre cfm cubic feet per metre 

Volume 
cm3 cubic centimetre fl. oz fluid ounce 
ml millilitre pt pint 
1 litre gal gallon 

Weight 
mg milligram(me) gr grain 
gm(s) gram(me) oz ounce 
kg kilogram(me) lb. pound 

Concentration 
g/1 gram(me) per litre oz/gal ounce per gallon 
cm3/1 cubic centimetres per fl oz/gal fluid ounces per gallon 

litre 
mi/l millilitres per litre (equivalent to cc/1) 
cc/i cubic centimetres per litre 
1(N) molarity 

Electric Supply 
A. C. alternating current D. C. direct current 
A or amp amperes V volts 

Current Density 
CD current density 
A/dm2 amps per decimetre squared 
Asf amps per square foot 
g/amp hr grams of metal deposited by passing 1 amp through asolution 

for 1 hour 
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Temperature 
C temperature in degrees centigrade 
F temperature in degrees fahrenheit 
R/T room temperature 

Chemical Formulae 
EDTA ethylenediaminetetraacetate acid 
H2O water 

General 
A/C 
CCE 

COSHH 
C 
Brit. 

Nat 
Fig 
conc. 
min(s) 
hr(s) 

0 

artist /craftsman BS British standard 
cathode current N. B. Note 

efficiency 
control of substances hazardous to health 
Century c circa 
British USA United States of 

America 
national Nos. number 
figure Pat No: patent number 
concentration sp. gr specific gravity 
minute psi (lbJin2 ) pounds per square inch 
hour h height 
length d diameter 
overall diameter A Angstrom. A hundred- 

millionth of a centimetre 
(l04cm. ) A unit used to 
measure the thickness of 
a thin film 
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Health and Safety Note 

Finally, before commencing, it is important to point out that many of the 
chemicals mentioned within the following text are highly toxic and 
extremely dangerous. They should not, therefore, be employed without 
first seeking professional advice and a thorough prior understanding of 
their properties. The chemicals mentioned are not specific to 
electrodeposition. They are, therefore, covered in health and safety terms 
elsewhere, and these guidelines should be consulted. Particular reference 
should be made to current COSHH regulations. Nevertheless, it is 
advisable to obtain a knowledge of how they may behave when utilized in 
electrochemical reactions implicit to the electrodeposition process. 
Although some fundamental guidelines are given in the appendix, it must 
be acknowledged that it is beyond the scope of this enquiry to provide a 
comprehensive explanation or understanding of the potential hazards of 
either chemical or electrical reactions. The A/C must therefore take 
solelcomplete responsibility for taking whatever steps are deemed 
necessary to place him/herself in an informed position before commencing 
with any practical work. 

i 
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Introduction 

Aims and Objectives 

The primary objective of this research is to distil from the disparate and 
item specific systems which exist under the generic description of 
electrodeposition, a practical, coherent and simple system, which bears 

particular reference to glass. The initial research into the history of the 
industrial manifestations of electrodeposition over the past 150 years will 
provide the information required to define model(s) of the process capable 
of direct and easy application by an artist/craftsperson (A/C) practitioner 
operating within the practical, technical and financial limitations of a 
small-scale studio environment. By offering a coherent code of practice, 
pertinent professional remarks and encouragement, it is hoped that this 
will establish a fundamental understanding of the process, and a 
foundation stone from which the aspiring A/C can embark upon an 
exciting creative adventure and further extend his repertoire of skills. In 
particular, this research will focus upon exploring and evaluating the 
possibilities of achieving adherent bonding between the metal and the 
glass by examining procedures for making the glass conductive prior to 
initiating successful deposition. It is hoped that from this investigation and 
experimentation it will be possible to establish recommended versions of 
the process. Although much of the research and thesis is scientific and 
technical, it is nevertheless driven by an artistic and decorative imperative. 

Parallel to this, empirical and practical research will focus upon the 
development of a body of quality artefacts which demonstrate and exploit 
the formal aesthetic qualities and creative potential of this technique. 
These evolve out of preliminary research undertaken to illustrate pre- 
meditated control over the generation of textural and tactile effects, which 
are of a structural or highly decorative nature. Their exploitation is driven 
from a base of personal preference and visual language, towards the 
production of a series of exhibitable artefacts. It is anticipated that this 
evidence of research activity will form between 30-50% of the work 
submitted, and that this will be presented and finally exhibited for 
examination in its own right. The most important criteria by which this 
research is to be judged effective is with regard to the way it facilitates 
such personal and aesthetic enquiries in the future. 

Although the creative and academic strands of this research form two 
independent lines of enquiry, it is envisaged that, as a result of explaining 
and documenting practical procedures, evidence of cross referencing will 
occur, which in the final submission will allow them to merge and form a.. 
coherent whole. It is hoped that this integration of technically-based 
instruction and the presentation of decorative samples will establish a 
framework of knowledge which transcends the limitations of this thesis, to 
permit the empirical use of the information presented, and provide a fresh 
approach to the process. 
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A final strand/extension of this research examines the feasibility of 
using procedures and ornamental qualities identified for application and 
development within the small-scale studio for exploitation within larger 
commercially-directed environments. 

Research Methodology 
To conduct this research, it is necessary to draw, analyse and distil 
information from a broad range of sources. These investigations recruit the 
assistance of libraries, museum archives, journals, government papers, 
patent office publications and literature from textbooks, and rely upon 
collaboration with a diverse range of industrial enterprises, technical 
laboratories and electroplating specialists. This fundamental core of 
knowledge is supplemented by information derived from contact with 
individual artists/craftsmen. Research involves retracing the evolutionary 
development of the technique (and that of its allied disciplines) from its 
modest beginnings through to its highly sophisticated state today. This 
facilitates the identification of working methods/procedures, and provides 
a source of inspiration for adapting ideas, and borrowing principles and 
practices from other disciplines, which in turn, opens up the opportunity to 
detect new avenues of exploration and practical experimentation. A set of 
test criteria are used to identify which are the most suitable for practical 
application within the studio environment. The research is conducted on 
three main levels: 

(1)A base line of information culled from a wide range of sources and 
therefore of differing degrees of relevance; 

(2)From this reservoir a number of practical experiments are identified 
and carried out; 

(3)From these a selection of actual samples are generated. 
This represents a gradual focusing of attention on fruitful and rewarding 
procedures, and their presentation in a tactile and visual format. 

The Organization and Presentation of the Research 
This thesis presents the results of this research within a format which is 
simple, concise and directly accessible. For this reason, a deliberate effort 
is made to avoid using unnecessary technical jargon. However, a clear and 
direct understanding of the fundamental plating terminology is attempted 
since this is necessary to facilitate meaningful correspondence/dialogue 
with plating specialists. This in turn should advance the A/C's 
comprehension of the process and assists the practitioner in resolving 
potential plating difficulties. 

The contents page reflects the main areas of this enquiry. Although 
this appears to define distinct subject areas, it must be stressed that this 
arrangement is presented in the knowledge that cross-referencing of 
information between corresponding chapters is desirable. It is also 
apparent that some passages of information are not overtly or exclusively 
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about the process of electrodepositing metals onto glass. These sections, 
which include chapters 2 and 5, are considered to be of fundamental 
importance in placing the subject within the broader context of 
electroplating, and should be viewed in this light and seen as a valuable 
source of reference. Finally, no attempt has been made to cite references 
for every statement made within the text. The comprehensive bibliography 

at the end of the thesis covers those sources of literature which were 
consulted in researching this thesis. This may prove useful for those 
practitioners wishing to pursue a more detailed study of the plating 
process. In fact it should be emphasised that the whole study has been 
based on practicality, and the generation, organization and presentation of 
information has been geared to this end. 
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Chapter 2A 

Definitions of the Electroplating Process 

Introduction 

The process of electrodepositing metals onto glass represents a highly 

specialized area of research. Therefore to establish a realistic perspective 
on the subject, a precursory effort must be made to place the process 
within the broader context of electroplating, and so set the scene for what 
is to follow. To accomplish this, the following chapter will attempt to: 

(i) Define terminology 
(ii) Describe the main processes 
(iii) Outline allied processes 
(iv) Place these activities within an overall framework which 

clarifies their relationships to one another 
(v) Help A/C to place commercial versions of the process in 

context, and identify points of contact for further creative 
research. 

A Summary of Commercial Electroplating Applications 

Electroplating constitutes a form of surface finishing, the primary 
objective of which is to modify the surface of the metal, so enabling it to 
inherit a new set of properties or physical characteristics. This is an 
essential prerequisite to rendering the component suitable to performing its 
intended function. 

In industry metals are electroplated for a variety of reasons. To instil 

an appreciation of this, the following brief resume will concentrate upon 
identifying mainstream applications of the process which are of common 
industrial/commercial use. Frequently, electroplating is employed for 
functional applications, typically either to coat a component (eg. nails) 
with a tarnish-resistant/non-corrodible film which is designed to provide 
protection from the atmosphere and wear and tear of the surrounding 
environment, or to engender mechanical qualities which serve to promote 
strength, hardness or durability (for example, fittings for the aircraft or 
automobile industry). Alternatively as, for example, in engineering 
applications, electroplating may be used to alter the dimensional tolerances 
of an object, usually to comply with the finite requirements of a design 
specification. 

The above examples represent industrial applications of the process. 
However, in many cases, electroplating is employed for purely decorative 
applications. In this context, the process performs the role of enhancing the 
aesthetic appearance of a product, so rendering it more alluring and 
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desirable to the intended consumer. This is exemplified both in the 
silver/gold plating of base metals in the fabrication of cheap fashion 
jewellery, and in the chrome plating of electrical appliances. 
Fundamentally, however, many coatings will perform a dual decorative 

and protective role. Finishes which fall into this category represent the 
largest single application of the process. 

Alongside these mainstream activities, technical progress over recent 
years has enabled the electroplating process to diversify into a new range 
of highly specialized and unique applications. In particular, advancements 
in the fabrication of plateable plastics, which have been exploited in 

conjunction with the conductive properties of electrodeposited copper, 
have enabled the process to be exploited in the manufacture of printed 
circuit boards for the electronics industry, whereas the bright specular 
properties of silver and rhodium plate have been fostered in lining lamp 

reflectors, and the magnetic properties of cobalt in the computer industry. 
These unorthodox applications illustrate both the opportunities and 
enormous potential of the process. 

Electrical (Electrolytic) Methods of Metal Deposition 
The techniques of electroplating, electrodeposition and electroforming, all 
rely upon the use of an externally applied current of electricity, for this 
reason they are collectively referred to as "electrolytic" processes. 
Definitions which discriminate between the processes of electroplating, 
electrodeposition and electroforming are delineated below: 

Electroplating is a process by which an article can be coated with a 
thin (typically 1-500 millionths of an inch), characteristically smooth, 
bright, adherent film of metal, which becomes a permanent part of the 
object. This term is used specifically in relationship to the treatment of 
metal substrates, and should be clearly distinguished from the term 
electrodeposition, which is used to refer to applications where the process 
is employed for coating dielectric/non-conductive substrates such as glass 
with metal films. Whilst relying upon the same basic principles, the allied 
process of electroforming differs from those of electroplating/ 
electrodeposition in two fundamental ways. Firstly, a substantially thicker 
(between approximately 1 thou of an inch - 0.001 (25.4 µm) and 1/4 

- 
1/2 

inch (6-12.5 mm)), denser, and often more heavily textured layer of metal 
is formed, and secondly, the deposit is designed to be poorly adherent so 
that on completion it can be deliberately divorced/separated from the base 
object, which merely functions as a mould/mandrel in the fabrication of a 
self-supporting, independent metal structure. 

Electroforming is used to create or reproduce, with complete 
dimensional accuracy and detail, hollow metal forms and lightweight 
reliefs which are not capable of production by any other metal working 
technique. However, the notoriously slow and laborious nature of the 
process renders it expensive and inappropriate to all but the most unique 
and specialized of applications. It is worth noting that A/C pursuing this 
technique are likely to come across the term "galvanoplasty". Although 
this nomenclature has been used throughout history to refer to the process 
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of electroforming, it is now considered to be archaic and obsolete. An 
insight into both the decorative potential of the technique and precedences 
for its creative and artistic exploitation are illustrated and discussed in 
Chapters 7 and 3 respectively. This demonstrates how, with ingenuity, the 
A/C can extract and manipulate those elements of a commercial process 
which are considered to be of interest, and redeploy them in a manner 
never intended or considered feasible by industry to generate a new mode 
of creative expression. 

Fundamentally, the three processes of electroplating, electrodeposition 
and electroforming are inextricably linked by several common factors. In 
principle, they all rely upon the same basic technology, equipment and 
mode of operation. The essential difference lies in their field of 
application. Whereas electroplating and electrodeposition are purely used 
to produce a desirable finish on an existing piece of work, electroforming 
is used to actually synthesize or create an object. 

Electrochemistry is the foundation stone which underpins all of the 
processes outlined above. This is the area of scientific study devoted to 
investigating the theory behind the process of electrodeposition, and is 
based upon exploring chemical reactions which occur when an electrical 
current is passed through an electroplating solution. An explanation of the 
fundamental principles of the electrodeposition process are dealt with in 
Chapter 4D. The first qualitative studies of this science were carried out by 
Faraday in 1833-43, and who went on to pioneer the two laws which 
govern electroplating today. 

Chemical (Non-electrolytic) Methods of Metal Deposition 
Several other processes exist which are capable of coating an object with 
metal purely as a result of a chemical reaction. These techniques do not 
require the application of an electrical current, and are therefore 
collectively termed "non-electrolytic processes". Although scientifically 
unrelated, these processes, which include immersion plating and 
electroless plating, invariably constitute an important part of the 
operators/practitioners repertoire of skills since they are commonplace 
within a typical electroplating workshop environment. 

The former process of, immersion plating, occurs when a base metal is 
submerged in a solution of another metal which appears higher in the 
electromotive series (refer to Chapter 7- Table 7/2). For example, when a 
piece of steel is immersed in an aqueous solution of copper sulphate, it 
will become spontaneously coated with a copper film, and simultaneously 
by a process of chemical exchange and displacement, an equal reciprocal 
quantity of steel will be dissolved into solution. The reaction is finite, and 
will cease as soon as the base metal becomes entirely covered in a film of 
metal. The process is relatively cheap and simple to employ. However, 
immersion deposits only have a very limited practical application since the 
resulting metal films are thin, porous and non-adherent. They are, 
therefore, reserved for specific applications, such as the cheap gilding of 
fashion jewellery, and the tin coating of soldered connection plates in the 
electronics industry. 
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By comparison, electroless deposition, pioneered in the 1940s by 
Brenner and Riddell, has a much broader scope for commercial 
application. The process again relies upon a chemical reaction. The object 
to be treated is submerged in an aqueous solution of the coating metal. 
Metal deposition is then triggered off/initiated through the addition of a 
chemical reducing agent. However, the reduction process does not occur 
indiscriminately throughout the solution (as in many mirroring processes), 
but occurs selectively, on pre-treated, "catalysed", areas of the substrate 
surface, enabling metal deposition to take place in a controlled and 
predetermined manner. Many electroless plating processes are described as 
being "autocatalytic". This means that once the chemical reaction has been 
activated and deposition initiated, the reaction becomes self-perpetuating, 
and continues indefinitely, permitting an unlimited thickness of metal to be 
built up. However, because this occurs at a rate which is fixed by the 
actual speed of the chemical reaction itself, the process is notoriously 
slow. This anomaly, coupled with the expensive nature of the chemicals 
and reducing solutions (which are consumed in large quantities), means 
that the process is not yet capable of competing directly with conventional 
electroplating procedures. 

Despite this, the process has found a commercial niche. Most notably, 
it is employed for metallizing non-conductive substrates in preparation for 

subsequent electrodeposition (this procedure is referred to in greater detail 
in Chapter 6B), and for producing printed circuitry for the electronics 
industry. Most of these applications are directly attributable to the unique 
characteristics and specialized properties of electrolessly deposited metal 
coatings. In particular, electrolessly deposited films are superior to 
conventional electroplated coatings in so far as they are able to impart a 
perfectly uniform and even thickness of metal over the entire surface of 
the object, regardless of its morphology. This allows a very accurate 
control of film thickness, and good surface coverage of metal on deeply 
recessed and intricate forms. The films produced are dense, hard and non- 
porous. Furthermore, many electroless deposits (including nickel and 
cobalt) have unique chemical and mechanical properties which yield 
significantly more durable and corrosion resistant films than would 
otherwise be possible using conventional electroplating procedures. 

Peripheral Activities which Typically Fall within the 
Operating Parameters of an Electroplating Workshop 
The A/C practitioner is likely to come into contact with several other 
surface finishing procedures which take place in an electroplating 
workshop. These will be mentioned in passing to familiarise the 
practitioner with the terminology involved. However, no attempt has been 
made to discuss these at any depth as they represent peripheral procedures 
which share no direct relationship to the process of electrodepositing metal 
on to glass. 

The first is anodizing aluminium (Fig. 2/1). This procedure forms a 
bright, but invisible oxide film on the surface of the metal, which enhances 
the aesthetic/decorative appearance of the aluminium and passivates the 
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t 

The surface of the aluminium is coated with an anodic film of 
aluminium. This is followed by rinsing and immersion in an 
organic dye to enable the oxide film to absorb the colour. To 
complete the process the metal is rinsed, dried and sealed. 
This is an effective method of coating aluminium with a 
brightly coloured and tough/corrosion resistant surface. 

Fig. 2/1 Anodising Aluminium 
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surface, to render it protective and corrosion resistant. With care, 
anodizing procedures can be manipulated to produce surface films which 
are absorbent and porous in nature. These are capable of being 
impregnated with organic dyes and inorganic pigments to evoke a range 
ofiridescent coloured effects. Furthermore, the surface finish can be 
manipulated to form highly polished/reflective, satin or matt surface 
textures, depending upon the physical condition, characteristics and 
inherent properties and of the underlying base metal. 

Chromating is also commonly employed. This controlled conversion 
process takes the form of either a chemical or electrochemical immersion 
treatment, which can be used on a wide range of metals including zinc, 
silver, copper, brass, tin and cadmium. The process passivates the surface 
of the metal by promoting the formation of a complex surface gel, 
comprising of chromium compounds and oxides of the base metal. The 
resulting film retards corrosion and is particularly effective where products 
are exposed to wet, stagnant or moist atmospheres. It also yields a 
brilliantly specular surface finish. In particular, the process prevents 
unsightly finger staining (imparted through physical handling), and 
provides a protective surface finish which preserves the appearance of 
decorative goods. As such it represents a commonly employed post-plating 
treatment for decorative silver and copper plate. Chromate conversion 
coatings are also used to provide a suitable surface key for the adhesion of 
subsequent paint treatments. However, by nature chromating procedures 
actively strip/dissolve metal away from the prepared surface. It is therefore 
imperative that any electrodeposited/plated coatings are of a sufficient film 
thickness (at least 4µm (0.16 thou)) to withstand the harsh nature of this 
finishing treatment. Further details regarding the practical application of 
chromating procedures are referred to in Chapter 7. 
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Chapter 2B 

Historical Background 

Introduction 

This section is devoted to describing the origins and emergence of the 
electroplating process and is intended for reference purposes. Its primary 
objective is to provide a brief overview of the principal developments, by 
analysing those factors which played a significant role in promoting and 
advancing the electroplating cause. As such it does not pretend to be 
comprehensive. Literature and texts which provide a more detailed, 
account of these events are referred to in the main bibliography. 

For ease and accessibility the information contained within this 
section has been subdivided into two parts. The first is very general and 
traces the evolutionary development of electroforming and electroplating. 
Although the two techniques are often regarded as separate and 
independent disciplines, they have been intimately related and inextricably 
entwined throughout their historical development and will therefore be 
considered in tandem with one another. This will establish a solid 
background of knowledge. By comparison, the second part is very specific 
and describes the emergence and development of the technique of 
electrodepositing metals onto glass. This will review the passage of the 
process through history, and account for its rise and fall in popularity. 

It is important to understand that neither of these sections should be 
viewed in isolation. In essence they represent a basic framework of 
knowledge, which it is hoped will cultivate a broader historical 
understanding of the process. These sections form an essential foundation 
stone which should be consulted in cross-referencing information and in 
positioning the very specific aspects of the process, described in Chapters 
3 and 5, within the broader context of the art form of electroplating. 

Section 1: The Evolution and Development of Electroplating 
Technology 

Procedures for coating articles with metallic films can be traced back to a 
very early date. Historically, techniques such as ̀ gilding' which preceded 
the breakthrough of electroplating relied almost exclusively upon 
`immersion' procedures. These did not employ the use of an applied 
electrical current and centred around chemical reduction processes. The 
Egyptians and Arabs were amongst the earliest to patronize gilding 
techniques, lavishing burnished gold leaf upon their architecture and 
ceremonial treasures. Later experiments carried out by medieval 
alchemists in the early 1600s gave rise to the mystical art form of copper 
coating iron. This was the springboard from which a host of other 
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scientific activities were launched during the 1700s. These were directed 

towards progressively advancing the technology and applications of the 
process. During the ensuing years, Baume unveiled the possibilities of 
gilding copper and its alloys using a formulation of gold chloride. This 

solution was a forerunner to the popular and notoriously dangerous 

mercury amalgams which followed and underwent the thrust of 
commercialization to become widely exploited in the mass production of 
gilded bric-ä-brac in the early 1800s. Essentially it was these well- 
established and widely practised techniques which preceded the 
emergence of the electroplating process. 

Events preceding the discovery of the electroplating process 
The discovery and evolution of the electrodeposition process was directly 
related to the discovery of electricity and man's ability to harness and 
manipulate its energy for practical applications. Inspired by the 
observations of Luigi Galvani, it was Alessandro Volta who, in 1796, 
generated the first real source of electrical energy using a `voltaic pile' (or 
electro-pile). The discovery revolutionized the scientific world. It was the 
very first battery. After formal presentation of the invention to the 
National Academy in 1800, further research was undertaken by the Italian 
scientist Brugnatelli who, in 1803, became the first person to successfully 
gild a silver coin using the new voltaic pile. Despite this accomplishment, 
the device received a hostile and dubious reception, and faced by 
opposition and personal prejudice Volta failed to gain the recognition or 
praise he deserved. 

It was not until 1840 that Volta's invention was rediscovered, and the 
true potential of the battery was fully acknowledged and exploited. 
Fundamentally this rudimentary energy cell became the forerunner to the 
electro-magnetic electricity generators, batteries, and rectifiers of the 
1930's. These devices generated and supplied the electrical power which 
was central to rendering the discovery and application of the electroplating 
process feasible. 

The emergence and early development of the process: 

Electroplating 
The advent of electricity inspired fervent research into electrogilding 
procedures during the early 1800s. In England under the auspices of his 
tutor Sir Humphrey Davy Michael Faraday was making tentative 
explorations and enquiries into the principles of electrochemistry. Faraday 
constructed his own galvanic battery, and conducted investigations which 
gave rise to `Faraday's Laws' (refer to Chapter 4D). Today, these 
principles remain an unchallenged and fundamental cornerstone of the 
electrodeposition process. It was subsequently Faraday, in affiliation with 
Whewell, who became responsible for coining the phrases ̀ electrolyte', 
`electrolysis', `anode' and `cathode' which have since become 
synonymous with the electroplating process. 

True electroplating with its reliance upon an external source of 
electricity was discovered in 1836. The breakthrough was pre-empted by 
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the invention of the Daniell Cell, which was capable of sustaining a more 
dependable source of electricity. Great exhilaration and excitement 
emerged which accelerated further scientific exploration. The enormous 
commercial potential of the process was widely recognized, and soon the 
technique became shrouded in secrecy as a result of fierce competition and 
professional rivalry. A fervent air of euphoria and enthusiasm was eagerly 
generated from a broad field of scientific and industrial entrepreneurs, 
ranging from the Elkingtons in England, W. von Siemens in Germany, de 
Roulz and Christofle in France, de la Rive in Switzerland, and Hermann 
von Jacobi and Maximillian Herzog von Leuchtenberg (son-in-law to the 
Tsar) in Russia. Each major breakthrough was impetuously contested as 
opposing parties jostled for technical supremacy and formal recognition. 

Electroforming 
The allied technique of electroforming was discovered in 1938-9, when 
Professor Jacobi (Fig. 2/2) of the Academy of Science in St Petersburg, 
Russia, fabricated the first copper facsimiles. This was celebrated as a 
major breakthrough, and the rights to the new technique which was 
referred to as ̀ Galvanoplasty' were immediately seized upon and 
purchased by the Tsar, who publicly presented the knowledge as a gift to 
the world. 

Electroforming achievements of a similar nature were simultaneously 
reported by Jordan in London and Thomas Spence in Edinburgh. However 
in England it was Parkes of Elkingtons who perfected and refined the 
technique, prompting Buckingham Palace to set aside a royal chamber for 
further research in formal recognition of the achievement. (An early 
electroforming set-up is show in Fig. 213) The discovery had wider 
implications. The electroforming process unveiled the potential for 
eliciting metal deposition on a whole range of non-conducting substrates. 

Subsequent patent specifications consolidated the new electroforming 
technology and helped channel its use into predominantly decorative 
applications. The creative freedom of the process, and its suitability to 
reproducing light-weight facsimiles of exceptional intricacy with minimal 
effort and unrivalled financial expedience, served to further promote and 
endorse its widespread popularity. Most notably electroforming found a 
competitive market niche in the replication of historical antiques (Fig. 
2/4). Centres of excellence arose dedicated solely to this new art form. In 
particular the Wuttembergische Metallwarenfabrik in Geisling, Germany, 
became renowned for its skill and expertize in manipulating and exploiting 
the electroforming technique. These advances enabled a wealth of Greek, 
Mycenaean, Etruscan and Bronze Age treasures and excavated 
archaeological finds to be recreated. Electroformed initially in copper, 
these were subsequently gilded or silvered to create an authentic finish 
(which rivalled the quality of the original artefacts). These were sold 
worldwide to governments and museums alike in a highly lucrative 
market. Unique artefacts and jewellery which were not capable of 
fabrication by other metalworking technique now emerged, alongside the 
mass production of hollow figurines and embossed templates. The 
practicability and flexibility of the process enabled it to permeate into the 
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Fig. 2/2 Moritz Hermann von Jacobi, 
(1801 - 1874) 

In 1838, whilst studying at the Academy of Sciences 
in St. Petersburg, Jacobi dicovered and developed 

the electroforming process. Later, after the 
publication of the Elkington and Wright cyanide 

process in 1840, Jacobi played a major role in 
fostering and promoting the use of gold plating in 

Russia. 

(Source: HUNT, L. B. (1973) The early history of gold-plating. 
A tangled tale of disputed priorities. Gold Bulletin, Vol. 6, 

p. 20) 
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Fig. 2/3 A Mid-Nineteenth Century Electroforming Set-up 

(Source: WEISBERG, A. M. (1981) Electroforming. American Jewellery Manufacturer, 
(May, No. 5), p. 41) 
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Fig. 2/4 Electroformed Antiques. Two 
Electroformed and Gold Plated Vases 

(Source: HUNT, L. B. (1973) The early history of gold-plating. A tangled 
tale of disputed priorities. Gold Bulletin, Vol. 6, p. 25) 

Produced by Alexander Parkes and now in possession of the 
Science Museum, London. They bear Elkingtons date mark 

for 1845 
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vocabulary of artists, sculptors and designers (particularly in the 
electroforming of plaster maquettes). This trend has since been revived to 
facilitate its widespread exploitation in contemporary art today. 

Elsewhere electroplating/forming was undergoing similar rapid 
expansion and exploitation. Russia's entrepreneurs in particular were 
famous for their technical prowess. Here the Tsar's son-in-law, 
Maximilian Herzog Von Leuchtenberg (1817-1852), in affiliation with 
Jacobi, set up a thriving business which became renowned for its dexterity 
and expertise in electroforming silver, gold, and copper. They established 
an unrivalled precedence in the art form which found notoriety and 
creative expression in the embellishment of cathedral interiors, and the 
electroforming of an exquisite range of icons and statuettes which were 
destined for prestigious venues including the Isaac Cathedral and Bolshoi 
Theatre. Ambitious architectural projects were also fervently pursued. In 
particular, a series of magnificent gold domes were electroformed for the 
Church of the Redeemer in Moscow (Fig. 215). Designed to strict 
engineering specifications, these took three years to complete and indicate 
the sheer complexity and scale of the challenges and tasks undertaken. 
Naturally the Russians were deeply envied and highly revered for their 
commensurate technical and creative skill. Their much-celebrated works 
of art were in great demand and eagerly sought after throughout Europe. 

The establishment of the process as a recognized art form 
Copper plating emerged synonymously with the introduction of the 
process and evolved into an established practice. A new impetus of 
research was now directed towards developing solutions which would be 
capable of electrodepositing gold and silver. The Elkington brothers in 
England, (Fig. 216), who were already well-versed with mercury gilding 
procedures, ambitiously embarked upon a new research programme in 
pursuit of this goal. Determined to succeed, they forged close working 
relationships with numerous experts. In particular, they cultivated 
negotiations with W. von Siemens, the leading exponents of the process in 
Germany, with the intention of purchasing any new initiatives which 
displayed the potential for electroplating gold and silver. 

However, it was John Wright in England who revealed the crucial key 
to electroplating precious metals. This centred around the employment of 
cyanide-based solutions. The consultation which followed between John 
Wright and the Elkington brothers inspired their commercial partnership, 
and led to the publication of a series of patent specifications. These reveal 
that despite some evidence of unresolved teething problems, these 
solutions embraced the spirit of this discovery and encapsulated the 
fundamental principle upon which the deposition of precious metal still 
relies today. 

The process provoked enormous rivalry and competition. In France, 
de Roulz adopted a different approach to resolving the challenge. He 
employed gold plating solutions based on gold oxide and potassium 
hydroxide. However he soon discarded this concept in favour of using the 
more highly effective cyanide based solutions, a resolution he reaffirmed 
through several patent specifications which were comparable to those 
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Fig. 2/5 The Church of the Redeemer, Moscow 

, ýý° 
. ý. 

The first example of gold plating to specification was almost 
certainly the gilding of the five domes of the Church of the 
Redeemer, in Moscow. Built to commemorate the defeat of 

Napoleon, work began in 1839, and continued for many 
years. In 1854 the domes - the largest 100 feet in diameter - 

were gold plated in the plant of Duke Maximilian von 
Leuchtenberg in St. Petersburg, the amount of gold 

deposited being tested by a special commission which 
checked two out of every 100 sheets plated. The 

specification called for 28.44 grams of gold per square 
metre, with a tolerance of 20 per cent, and if the samples did 
not meet these requirements the whole batch was rejected. 

The total weight of gold deposited was slightly less than 500 
kilograms. Unfortunately, the church was demolished after 

the revolution and its site is now occupied by the giant 
Moskva swimming pool. 

(Source: HUNT, L. B. (1973) The early history of gold-plating. A tangled 
tale of disputed priorities. Gold Bulletin, Vol. 6, p. 27) 

SI 
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Fig. 2/6 George Richards Elkington, 
(1800 -1865) 

On 25th march 1840, George Richards 
Elkington and his cousin Henry Elkington filed 
a patent for gold and silver plating. The final 
specification of September 25th incorporated 
the use of cyanide baths proposed by John 

Wright of Birmingham and from this 
development stemmed the whole commercial 
success of the process although the work of 
many others had led up to it and many more 
were to make their contribution. Elkingtons 

major role lay in his gathering of all the threads 
together and in taking the first practical steps to 

put them into industrial use 

From a portrait by Samuel West in the City Museum and 
Art Gallery, Birmingham 

(Source: HUNT, L. B. (1973) The early history of gold- 
plating. A tangled tale of disputed priorities. Gold 

Bulletin, Vol. 6, p. 17) 
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registered by Elkingtons. In France the new plating solutions were 
received with great excitement and adulation. Charles Christofle (Fig. 2M, 

a renowned jeweller was one of the first to establish a successful business 

venture based on the new plating systems (Fig. 2/8). These activities 
enabled the commercial electrodeposition of precious metals to develop 

and thrive throughout the 1860s. 
The Elkingtons were keen to promote and capitalize upon their new 

found success by issuing licenses for their gold and silver plating 
solutions. A strategy which in Britain floundered under the resistance of 
Sheffield platers who feared it would undermine their own industrial 

supremacy. Determined to succeed, the Elkington brothers retaliated, 
establishing their own consortium of factories which were dedicated to 
extolling the virtues of the process and to recruiting new industrial 

patronage. To neutralize competition they poached inventors, and 
conspired to purchase new innovations and developments from rival 
concerns, so virtually monopolizing the creative, technical and commercial 
exploitation of the process. 

This policy gave rise to two significant breakthroughs. Firstly, they 
secured the rights to Joseph Shore's patent from which they were able to 
glean valuable information regarding John Woolrich's galvanic battery. 
This was modified and used as a basis for manufacturing the first 

commercially available electroplating batteries which the Elkington 
brothers put into successful production in 1846. Secondly, in 1847 in 

collaboration with William Millward and Morris Lyons, the company 
registered a patent specification describing the very first `Bright' 
electroplating solution. This was capable of producing highly reflective 
and lustrous deposits. These achievements were supplemented by various 
other amendments and improvements in electroplating technology which 
the Elkingtons developed over the prevailing years. 

The Great Exhibition of 1862 marked a watershed. This was the real 
turning point. With the demise of Sheffield plate, electroplating was 
heralded as the great technical achievement of the era. Formal 
commendation led to its widespread acceptance throughout society, and 
extensive financial and commercial investment rapidly followed. 
Electroplating and electroforming prospered throughout the 1870s, 

generating a lucrative export trade in India, Africa, Australia and Europe. 
New research was now directed towards developing creative as opposed to 
technical innovations, reflecting the permeation of the process into an 
expanding market of decorative applications. The process gathered 
momentum and continued to enjoy heavy commercial exploitation right up 
until the turn of the century. 

The creative vogue of the art nouveau period (1890-1910) served to 
further enhance the popularity of the electroplating process. Unlike its 
fading rival (Sheffield plate) electroplating was found to be a sympathetic 
and sensitive vehicle for enhancing and replicating the natural ambience 
and fluidity of the new style. The Elkington brothers seized upon the 
opportunity to consolidate and expand upon their prominent commercial 
position. A whole range of naturalistic objects were electroformed, 
including snuff boxes, buttons and other curious trinkets. Elkingtons also 
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Fig. 2/7 Charles Christofle, 
(1805 - 1863) 

Founder of the well known Paris firm of 
goldsmiths, silversmiths and cutlery 

manufacturers that still bears his name. 
Christofle had the foresight to realise the great 
importance of the patents filed by Roulz and 
Elkington and he became a licensee of both. 

Despite an extraordinary number of legal 
actions he had to fight, and even more violent 
debate lasting over five years, he established a 
highly successful business in gold and silver 

plating in France. 

From a portrait in possession of L'Orfeverie Christofle, 
Paris 

(Source: HUNT, L. B. (1973) The early history of gold- 
plating. A tangled tale of disputed priorities. Gold 

Bulletin, Vol. 6, p. 24) 
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embarked upon ambitious projects with Pugin, the eminent Victorian 
architect, to produce electroformed and silver-plated ecclesiastical 
furniture. A variety of artists and designers were employed to emulate and 
patronize the fashionable style. It was fundamentally this era which led to 
the widespread acceptance of electroplating technology and the pre- 
eminence of the Elkington brothers. 

The one significant innovation which arose during the latter part of the 
19th Century was the emergence of nickel plating. It was in 1868 that 
Adams transformed this alchemistic technique into a commercially viable 
process. The rapid technical developments which followed were motivated 
by the thrust of trade and industry. Later the new process found 
widespread exploitation in the car industry, the fabrication of aircraft 
components, and in coating moulded constructions for the plastics 
industry. The potential for, and commercial applications of the process 
attracted considerable financial investment this stimulated the emergence 
of a vast array of nickel plating solutions with specific yet broadly 
differing deposition properties. Commercial enterprises have since 
sustained and perpetuated this research. Today, this has enabled nickel 
plating solutions to remain at the very forefront of electroplating 
technology. 

Waning popularity 
Towards the end of the 19th century, the enthusiasm for electroforming 
began to subside. Whilst new commercial interest was generated, this was 
reserved for very specific and isolated niches of the market place. 
Decorative electroforming fell into demise and became relegated to small 
jewellery workshops, which specialized in the production of high market 
value objets d'art. This trend was exacerbated by the stark unadorned 
simplicity of the art deco period which dominated the aesthetics of the 
1910-30 era. This style was not sympathetic with the attributes of the 
process. The ensuring period saw a lull in technical innovation; virtually 
no real progress was made until after the Second World War. Essentially 
much of the new initiative now lay in America. Renewed commercial 
interest in electroforming emerged in the 1940s, and was progressively 
directed towards the development of specialized technical applications. 
These ranged from the manufacture of dental prosthesis and gramophone 
records, to engineering moulds and dies. Today, several reputable 
companies perpetuate this trend. The more distinguished of these include 
BJS in London which specializes in artistic and industrial applications of 
the electroforming process. 

Up until the early 1900s the electroplating process was regarded as 
little more than a scientific novelty. It was not until the second half of the 
20th century that sufficient technological advancements had been made to 
transform the process from a craft into a commercially viable enterprise. 
The process was now exploited on an industrial scale and used in the 
manufacture of a wide range of products. This had a radical affect upon 
the structure of many associated industries. Electroplating was now widely 
acknowledged as the most economically viable and efficient method of 
coating articles with metal. New research was now directed towards 
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refining the process in order to control the precise thicknesses and 
predetermine the properties of the metal deposited. Emphasis was also 
placed upon extending the range of metals capable of undergoing 
electrodeposition. To this end new plating solutions were developed which 
enabled deposits of a predetermined porosity, hardness, ductility and 
aesthetic appearance to be reciprocated. These advancements accelerated 
the development of the process and enabled electroplating to permeate into 

a diverse, new range of specialized applications. 

The process today 
Electroplating has continued to generate increasing commercial interest 

and prosperity. Today, finishes classified as decorative/protective (anti- 
corrosion/tarnish-resistant) probably represent the most significant 
application of the electroplating process. These find exploitation in a broad 

range of contexts from motor car fittings through to domestic utensils and 
furniture. Decorative finishes which are designed purely for aesthetic 
effect and aimed at captivating the interest of the potential consumer are 
still pursued, particularly in the manufacture of inexpensive jewellery, 
trinkets and novelties. By comparison, engineering applications typically 
employ electroplated finishes to produce abrasion-resistant or reflective 
surface films, and good bearing properties. Recently electroplating has 
also began to play an increasingly important role within electrical 
applications. Highly conductive films of tin-plated copper, silver and gold 
are now commonly employed for manufacturing electrical circuits within 
the electronics industry, alongside other generic but more miscellaneous 
applications. Electroplating technology is now employed in many affluent 
arenas both within cheap production scenarios and more specialized 
exclusive sectors of the market. No doubt, the diverse range of 
electroplating establishments in existence today will continue to sustain 
and promote the process in years to come. 

Summary 
Despite the various permutations and modifications, the fundamental 
principles of the electroplating process have changed little since their 
inception in 1836. The evolution of the process portrays a fascinating tale, 
a historical legacy which lies as a testimony to the marriage of 
craftsmanship, scientific technology and industrial enterprise. This alliance 
brought innovation, creativity and opportunism, which collectively 
inspired the development and advancement of the process. Furthermore it 
provided a framework for unveiling the mysteries of the electroplating 
process, transforming it from its humble beginnings into a well established 
and renowned finishing process. Today, this has enabled electroplating to 
emerge as a worldwide commercial venture. It is hoped that A/C will 
recognize the importance of their contribution in promoting this 
precedence. The creative practitioner has a significant role to play in 
generating decorative effects and identifying new applications. This 
activity is crucial to procuring the full creative and industrial potential of 
the electroplating process. It is this characteristically diverse and plural 
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approach towards experimentation which must be sustained and promoted 
if the process is to continue to have an exciting and bright future. 

Section 2: The Historical Development of the Process of 
Electrodepositing Metals onto Glass 

The desire to produce metal coatings on glass was an objective which was 
already being actively pursued prior to the emergence of the 
electrodeposition process. The Romans employed gilding techniques and 
gold leaf to embellish glass artefacts with metals as far back as the 4th 
Century AD. The chemical reduction of silver films on glass which arose 
from medieval alchemists to manifest itself in the form of the `mirroring 

process', evolved later on in around the 16th Century. The seed had been 

set, and persistent innovations ensured that it was only a relatively short 
time before the process of electrodepositing metals onto glass first 

emerged. The discovery of the process was inextricably linked to the 
inception of electroforming which occurred in 1838. 

The emergence and early development of the process 
The earliest patent specification relating to the electrodeposition of glass 
was filed in 1843 by Julius Schottlaender (British Pat. No. 9982). This was 
the catalyst fora series of documents which followed. Originating in 
Britain and France, these were very general and related to proposals for the 
electrodeposition of a diverse range of miscellaneous (non-conductive) 
objects of which glass was merely suggested as one possible substrate 
material. It was not until after the 1850s when the initial intoxicating 
euphoria subsided and more restraint emerged that more specialized 
patents dedicated exclusively to electrodeposition on glass evolved. These 

early patents illustrated a fascination and pre-occupation with addressing 
and resolving the problems of metallization. From the outset it was 
recognized that rendering the glass conductive was an essential precursor 
to successful electrodeposition. This concern dominated early research into 
the process, and in an attempt to resolve this technical dilemma procedures 
relating to electroforming science and technology were eagerly transcribed 
and manipulated (alongside existing knowledge) prior to undergoing 
practical and empirical experimentation to extend and identify new 
avenues of exploration. 

Competition to advance the process was intense. Intimidated by the 
prospect and fear of commercial exploitation many entrepreneurs evaded 
registering their new discoveries which, jealously guarded, remained 
shrouded in deep secrecy. Despite this stumbling block, sufficient interest 

was generated between 1840 - 1920 to facilitate the registration of over 50 
patents relating specifically to the art form of electrodepositing metals on 
glass. During this period, progress was not promoted by the sustained 
research efforts or ingenuity of any specific individuals. Instead it was 
supported and patronized by a disparate range of entrepreneurs who 
worked in an ad hoc and isolationist manner, and were driven by a broad 
range of innovative hopes and aspirations. 
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The diversification of the process into specialized applications 
By the 1860s a sufficient foundation of practical and technical knowledge 
had been established to enable research into electrodepositing metals on to 
glass to be redirected towards two spheres of activity. 

Firstly, the process became increasingly exploited for the purpose of 
producing creative effects employed within a variety of decorative 

applications. These were used to embellish handcrafted artefacts and 
small-scale production ranges with ornately decorated patterns in gold, 
silver and copper. (The main exponents of this activity are referred to in 
Chapter 3. ) The process generated great enthusiasm and gained particular 
popularity in the art nouveau period, which marked the height of its 
exploitation as a decorative art form. Thereafter there was a decline in 
interest and a period of dormancy followed. It was not until the 1960s that 
the technique of electrodepositing metals onto glass became the subject of 
renewed interest. This movement has since inspired and fuelled the 
creative imaginations of many contemporary A/C. 

Secondly, with the growing acquisition of skill and expertise, an 
increasingly successful movement emerged. This was gearing up towards 
exploiting the process within more functional applications. Early attempts 
to produce strong tenaciously adherent deposits of metal on glass had 
proved largely futile. Paradoxically this apparent obstacle created a 
technical dilemma which enabled the process to be challenged from a 
different angle, providing a driving force and motivation for its widespread 
exploitation within electroforming/typing applications. The process of 
electroforming glass mandrels was heavily patronized from the 1860s 
onwards, and was employed within industrial applications for fabricating 
technical sieves, dials, printing surfaces, reflectors and domestic utensils - 
and within decorative applications for reproducing ornamental reliefs and 
embossed templates for use in furnishing domestic interiors. This 
precedence continued to flourish well into the 20th century. 

Specialized applications which relied upon tenaciously adherent 
deposits emerged later as a direct result of the progressive advancement 
and refinement of the technique. The emergence of more technically 
advanced and superior metallization procedures, gave rise to stronger and 
more durable deposits. These were channelled into an ingenious and 
unique range of applications. In particular, the process was employed 
within the engineering trade for constructing glass-to-metal seals, and in 
the semi-decorative processes of assembling and uniting stained glass 
windows, mosaics and jewellery. Within a broader and more prominent 
context the process also found application in reinforcing glass in the 
manufacture of scientific apparatus and in joining glass components to 
electric condensers. (Refer to Chapter 3. ) Furthermore, during the 1930s it 
was recognised that the electrodeposition process could be employed to 
impregnate the surface of the glass with electrically conductive properties. 
This pre-empted the emergence of new technology. Glass circuitry was 
developed which was capable of conducting an electrical current for 
heating and engineering applications. This has since opened up an exciting 
new field of opportunities. Today, many of these are still awaiting further 
research and exploration. 



Burdett, G. 1998 Chapter 2- Origins and Development [2B] 26 

Historical precedence in determining metals suitable for 

electrodeposition on glass 
Historically, a wide range of metals have been successfully 
electrodeposited onto glass. The evolution of this extensive repertoire of 
metals was initially dictated by the pace of developments within the 
electroplating trade and for this reason most of the early records reflect a 
dependence upon copper plating. Even now, for practicability, flexibility 

and financial expedience, copper deposition remains an essential part of 
the electroplaters repertoire of skills. Gold and silver deposition evolved 
rapidly in the mid-1800s. The irresistible decorative ambience of these 
metals ensured that they were quickly absorbed into the art form. The first 

patent recording the deposition of precious metals onto glass dates back to 
1852. Gold and silver were aesthetically pleasing and commercially 
popular which helped to promoting the technique of electrodepositing 
metals onto glass. These metals were used extensively to procreate 
exquisite ornamental effects in decorative glassware, and much later on, 
for electrical and engineering applications. Records of the process from the 
turn of the century onwards indicate that experimental research was being 

undertaken into the electrodeposition of brass, platinum, rhodium and 
nickel on to glass substrates. These metals were reserved for unique and 
esoteric commercial applications where stringent engineering and 
electronic specifications had to be met. 

The impetus responsible for the rise and fall in the popularity of the 
process 
The turn of the century marked a significant turning point. Technical 
innovation was spearheaded by the need for increased commercial 
productivity and financial gain. This in turn heralded the emergence of 
more industrially based manufacturing techniques. Reflecting this new 
precedence, documents relating to the electrodeposition of glass from the 
latter part of the nineteenth century, onwards illustrate a pre-occupation 
with designing new machinery and introducing automated procedures for 
inciting mass production. The effects of this transformation infiltrated into 
functional applications of the process. Patent specifications referring to 
methods of electrodepositing glass for the production mirror backings, 

parabolic reflectors and electroforming silver leaf all actively subscribed 
to mechanical devices and automated appliances which were harnessed 

with the intention of facilitating greater commercial productivity. 
This assault had a profound effect. Essentially it marked the incipient 

and all-consuming demise of the process. Between the 1880's and 1920's 
the technique of electrodepositing metals onto glass had flourished and 
prospered as a magnet for creative exploration and artistic expression. This 
gave rise to an exquisite range of glassware which was cultivated under 
the auspices of small industrial concerns and craftsmen alike. However, 
since these decorative applications of the process were no longer regarded 
as a commercially viable proposition or fashionable, the technique fell into 
disrepute and neglect. In many scenarios the process of electrodepositing 
metals on glass was found to be incompatible with the new technology, 
and as a result its use dwindled into obscurity. Notably those applications 
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of the process which survived the onslaught of the industrialization 
became highly specialized and were progressively driven into very 
discrete, unique and idiosyncratic niches of the market, where with 
subsequent modifications many, albeit in relative isolation, continued to 
thrive well into the 20th century. However, in many instances it was only a 
matter of time before these very specific applications were challenged and 
successfully superseded by more advanced techniques. Unrelated to 
electroplating, many of these new techniques offered greater flexibility, 
expedience and reliability. Some new scientific research was generated 
although this was confined to specialized areas and applications of the 
process. The technique of electrodepositing metals onto glass was now 
largely discarded. Superseded by more advanced technology, the process 
became regarded as little more than an outmoded anachronism. 

Increased commercial pressures and the development of specialised 
and unique applications of electrodepositing metals onto glass have, since 
1910, merely served to fuel greater competition between artisans, 
industrialists and scientists. This has effectively maintained the technical 
shroud of secrecy which has impeded research efforts to understand, 
explore and exploit the process. Many of the electrodeposited glass 
artefacts and historical archives held in museum collections today, exist as 
a testimony to the commensurate skill and dedicated craftsmanship of 
those pioneers who established and promoted the art form. These 
entrepreneurs masqueraded their skills in secrecy. Held to ransom by the 
fear of competition, espionage and exploitation, their methods escaped 
formal documentation and their skills were lost forever. These artefacts 
belie their origin, and harbour technical mysteries which, remain 
unchallenged by contemporary processes, and still elude us today. This is 
particularly true of metallization procedures, the key to rendering the glass 
electro-conductive. Equivalent contemporary formulations exist in the 
form of commercially available proprietary products. Perpetuating old 
habits their chemical constitution is unknown, disguised behind an array of 
technical jargon. However despite their drawback A/C now have access to 
sophisticated contemporary metallizing media. These offer the practitioner 
the flexibility and opportunity to continue exploring the creative and 
artistic potential of the process. 

The contemporary revival 
Today, the creative exploitation of electrodepositing metals onto glass has 
undergone a significant revival. Emerging in the 1960s from a state of 
relative dormancy, the art form has attracted renewed interest. This 
initiative has been exploited by a diversity of artists to generate a range of 
decorative and idiosyncratic artefacts, varying in context from sculpture to 
jewellery (refer to Chapter 3). Today, the leading exponents and 
entrepreneurs of the process of electrodepositing glass include Anna 
Dickinson, Michael Glancy and John Anderson. Many practitioners are 
now fascinated by the creative and aesthetic potential of the process. This 
trend has led to the successful exploitation of the process by both small- 
scale studio and, more recently, by larger commercial enterprises, (eg 
Dartington Glass). Whilst many of these creative, aesthetic and functional 
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uses of the process remain kindred in spirit to historical counterparts they 
also highlight those facets of the process which are a still awaiting 
exploration. In the future these possibilities may well come to fruition 
through a combination of accident, experimentation, creative exploration 
and directed research. Hopefully this will be motivated by the need to 
achieve specific, but as of yet undetermined, goals and objectives. 
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Chapter 3 

Historical and Contemporary Applications 
of Electrodepositing Metals onto Glass 

Introduction 

Very little is known about the process of electrodepositing metals onto 
glass, because it is hidden behind a misplaced shroud of commercially 
inspired secrecy. The research undertaken within the following chapter aims 
to address this by identifying historical and contemporary applications of the 
process and drawing together and presenting them within a single 
framework of knowledge which highlights their similarities, differences and 
relativity's. This will demonstrate the shear diversity of these applications 
and identify the factors which proved decisive in their evolutionary 
development. In many instances this illustrates that the process did not 
develop wholesale as a comprehensive or integrated process. Instead, there 
was a very fragmented, sporadic and isolated advancement of quite insular 

and specific applications which arose as a result of quite independent, 
separate and discrete strands of research and enquiry. It is evident that each 
of the applications identified, evolved to serve a different need, thereby 
fulfilling a distinct objective and different technical criteria. This explains the 
evolutionary diversification of strands of the process into very specific and 
unique market niches. 

This chapter has been organised to facilitate easy access to the 
information presented. It is apparent from the index/title page that this has 
been divided into five main sections. These have been classified according 
to subject area, namely joining, protective, electrical, electroforming and 
creative applications. Thereafter, each of the sections is broken down into a 
series of more specific applications. (The applications selected do not 
represent a complete chronology of developments of the art form, instead 

random historical examples are selected and where appropriate references 
are made to contemporary counterparts. Furthermore, it should be 

emphasised that these classifications are somewhat arbitrary since many of 
these applications possess attributes which enable them to fall into several 
categories. ) In each case study this will review the origins and evolutionary 
development of the application, and the technical methodology / criteria 
employed in exploiting the process, so identifying the merits and drawing 
attention to the intrinsic characteristics, limitations and idiosyncrasies of a 
specific application. It is hoped that this will (i) make it possible to link 
strands / cross-reference information between different areas of knowledge / 
applications thereby developing a comprehensive overview and insight into 
the evolutionary development of the technique within many different 
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contexts, (ii) permit the empirical use of the data presented, (iii) stimulate 
new lines of enquiry and investigation within this field. 

Section A: Joining Applications 
A diverse array of information and literature exists, illustrating that the 
process of electrodepositing metals onto glass was employed as a technique 
for coherently uniting component parts in the fabrication of single objects. 
The subject covers a wide range of specialised, disparate and idiosyncratic 

applications. In the following text three specific applications have been 
identified which represent the use of the process within this context. In each 
case, it is evident that the need for commercial and financial gain played a 
significant role in determining their evolution. It is also apparent, from their 
spasmodic development and the diverse number of approaches which were 
adopted in exploiting the technical and practical procedures of the 
electrodeposition process, that these emerged quite independently from one 
another as specific, insular and unique applications of the process. 

1: Engineering 
The bonding of glass-to-metal seals, represents an application of the 
electrodeposition process which was largely implemented and sustained 
through the persistent efforts of the electrical/engineering industries. The 
wide scale use of incandescent lamps, (forerunners of the Edison Lamp, 
1879) x-ray tubes and other gaseous devices, which was in turn 
spearheaded by the commercial availability of electricity, necessitated the 
evolution of new techniques for sealing metal conductors to glass 
components. Much research was generated in small scale laboratories and 
industry alike, to explore the feasibility of developing a stable, durable and 
tenaciously adherent glass-to-metal seal, which offered sufficient mechanical 
strength and resistance to withstand internal pressure over a wide range of 
temperatures and gaseous environments. One technique which was 
commonly subscribed to in the late 1800's, because it was capable of 
creating a vacuum-tight seal was that of electrodepositing metals onto glass. 

According to Kohlrausch, the unconfirmed discovery of the technique 
can be attributed to Kundt. In principle, Kundt's technique involved 
soldering the metal element to a glass component, which had previously 
been metallized with a platinum film prior to undergoing electrodeposition 
from a copper plating solution. Treating the glass with an intermediary film 
of platinum was essential to instil electrical conductivity and permit the 
electrodeposited copper to form an effective and durable glass-to-metal seal. 

This technique of platinizing glass became widely adopted in many 
sealing applications and was endorsed in many literary reports and research 
documents registered between 1859 and the 1870's. As such withstanding 
minor modifications, this popular process of metallization, and method of 
constructing glass-to-metal seals through electrodeposition remained 
fundamentally unchanged until the later part of the nineteenth century. 
However, during the 1890's Caillet began new research. This was directed 
at formulating a more sophisticated platinizing media which would further 
enhance the strength of metal to glass bonds. According to a retrospective 
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report on his findings published in the 'Journal of the American Chemical 
Society' in 1920, Caillet successfully developed a metallizing medium 
which could be flowed onto the surface of the glass using the heat of a 
Bunsen burner. This produced a very uniform and highly conductive 
platinum film, which was capable of undergoing subsequent 
electrodeposition and soldering procedures to coherently unite the 
metal/glass bond, with sufficient strength and durability to render it capable 
of withstanding up to 200-300 atmospheres of pressure. (This claim has 
since been corroborated by E. C. McKelvy and C. S. Taylor) This significant 
modification, highlighted the potential for using the process within many 
new applications. In particular, these seals were successfully exploited in 
the manufacture of scientific laboratory equipment, thermostatic units, glass 
U tubes (used in liquefying gases), and in sealing metal resistance 
thermometer bulbs to glass bodies. 

Koenig implemented a corresponding joining process (referred to in 
Section 1A of the Appendix). In principle, this was analogous to Caillet's 
join with the exception of one significant modification. In Koenig's process 
the glass tube was lightly abraded with glycerol and emery dust prior to 
metallization. Though small this innovation revolutionised the process. 
Surface roughening procedures were found to significantly increase the 
adhesion of the bond and were soon adopted as a standard procedure. 
Secure attachment was further enhanced by furnishing the join with a 
composite structure comprising of alternating deposits of copper and silver. 
Both of these amendments found widespread application. In particular, 
Roentgen utilised the electrodeposition process to obtain tenaciously 
adherent glass-to-metal bonds in fusing high tension contacts in 'x-ray' 
equipment and lightening arrestors. 

An account given by Deindon in 1923, highlighted a further 
improvement to this well established technique. To form the seal, the glass 
was first platinized and then copper plated in the usual manner. The 
significant difference arose in the next stage of the process, when in contrast 
to its predecessors, the metal collar was filed smooth to fit snugly inside a 
copper sheath to which it was adherently sealed through subsequent 
electroplating. This effectively united the individual elements to form a 
single component. In principle, the procedures outlined above were widely 
exploited until the 1920's, when they were supplanted by more 
contemporary procedures which bore no relationship to the process of 
electrodepositing metals onto glass. 

Throughout history, electrodeposited glass-to-metal seals relied upon 
the use of platinum based metallizing media to maximise conductivity, and 
soft soda based (as opposed to lead based) glasses. Platinum was especially 
suitable and widely exploited for two reasons. Firstly, it bore a similar 
coefficient of expansion to glass and secondly, it was resistant to surface 
oxidation. These properties were essential in yielding tenaciously adherent 
seals. 

Whilst this process was firmly established by the early 1900s, the actual 
technique of applying the platinum metallizing media to the glass underwent 
a significant transformation. The emphasis moved away from using 
colloidal suspensions which were fired into the surface of the glass, to 
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vacuum sputtering technology. This was reputed to produce glass-to-metal 
seals which were virtually impossible to part. Despite the emergence of a 
few peculiar anomalies, (referred to in Section 1B of the Appendix) this 
technique became widely accepted and was typically used in conjunction 
with electrodeposition and soldering procedures (referred to in Section 1C 
of the Appendix) to coherently unite and seal components. The advantages 
of electrodepositing the encapsulating metal sheath in a state of compression 
were also recognised and exploited to promote permanent adhesion and 
produce hermetically air-tight seals and joins. 

With progress, vacuum sputtering technology was adopted as the 
contemporary method of metallization in the production of glass-to-metal 
seals. Besides offering flexibility and precision, this technique provided 
entrepreneurs with the opportunity to experiment with a much broader range 
of metallizing compounds. Compared to platinum many of these were more 
expedient and possessed superior levels of conductivity. In particular, 
Pulker outlined a metallizing procedure which involved vapour depositing 
successive layers of chromium, copper and gold onto the glass, in 
preparation for the subsequent electrolytic deposition of tin in the 
construction of glass-to-metal seals. This technique lent itself to several 
commercial processes including high frequency brazing and soldering, in 
addition to finding an industrial application in the production of sight glasses 
and edging of glass units in the manufacture of aircraft components. 

Lowenheim cited a further example which incorporated the 
electrodeposition of silver onto a iron-nickel based alloy in the manufacture 
of glass-to-metal seals. In this application, a final film of electrodeposited 
indium was used to protect joins which were susceptible to corrosion when 
exposed to high temperatures. 

Contemporary glass-to-metal seals are frequently coated with a film of 
electrodeposited gold. This is inert and offers superior resistance to 
oxidation / corrosion, which further enhances the durability and long term 
serviceability of the join. 

2: Mosaic work 
The role of the process in creating mosaic work was multifunctional. Not 
only was electrodeposition employed to coherently unite a hybrid of glass 
and ceramic fragments/elements, but it also provided structural 
reinforcement and contributed to the decorative and aesthetic qualities of the 
final artefact. 

Earliest examples of this application date back to 1897 (British Pat. No. 
16,579), when J. M. Ewen harnessed the creative potential of the process to 
produce glass assemblages for fireside gratings, tiled windows, tesserae 
work and ornamental murals. However, it was L. Stein and W. Storr who 
in 1901 (British Pat. No. 12,017) advocated a more widely accepted method 
of using the electrodeposition process to create glass and porcelain mosaics. 
Their account describes the use of a fusible conductive cement (referred to in 
Section 2 of the Appendix) which was inserted into intervening gaps and 
crevices exposed between juxtaposing elements of the mosaic structure. 
This was kiln fired, to cure the cement and enabling the parts to be fused 
into a single framework. On cooling the solid, yet fragile composition or 
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frieze was transferred to the electroplating solution to receive a thick and 
durable coating of metal. By adherently encapsulating and uniting the glass 
components, this process permanently reinforced the structural rigidity of 
the artefact. 

Methods of using the electrodeposition process to create and assemble 
mosaics and decorative glass friezes evolved into a commercial art form. 
This was promoted by various manufacturing enterprises. A new, but 

nevertheless related technique of 'Electro-copper glazing' was developed by 
the British Luxfer Prism Syndicate Limited. This technique (which is still 
practised today) relied upon the use of a conductive copper foil, which was 
backed with an adhesive tape. Applied to the peripheral edges of a glass 
panel this acted as an intermediary vinculum, which could be used to locate 

and position the individual glass components within the desired framework. 
The electrodeposition process was then employed to coherently unite the 
pieces as a single, rigid and durable structure. By highlighting a very 
intricate and precise method of fabricating complex glass panels, this 
technique released the practitioner from many of the restraints and 
limitations imposed by the more traditional stained glass processes it 

rivalled. The technique also received popular acclaim for its fire retardant 
properties, which were promoted under the influential auspices of various 
government authorities and public concerns. 

Later, modifications to the process emerged which served to enhance, 
rather than challenge the existing leading technology. In particular, 
procedures and recommendations were developed for reinforcing the 
strength of leaded lights and stained glass panels. These were advocated in 
company literature and reiterated in a patent specification from 1907 (British 
Pat. No. 7211). In addition to the obvious decorative and aesthetic attributes 
of the process, it also became possible to create a more uniform appearance 
in leaded lights and windows by disguising the usual incongruous 
disruption of soldering marks. The process was relatively straightforward. 
The leaded panel was simply suspended in a copper plating solution 
enabling an envelope of metal to be slowly built up (in a rounded section) 
along the leaded canes, which intimately encapsulated and bordered the 
glass forms. This rendered the panels water tight and eliminated the need for 
cementing. The process was considered to be superior to traditional leading, 
on account of the lightness and rigidity of the resulting copper frame. The 
practicability and flexibility of the process made it particularly suitable for 
constructing lanterns, sky lights and window casements. Nevertheless, 
despite these apparent benefits, the process failed to offer the financial 
expedience of conventional stained glass windows, which continued to 
dominate the scene. 

Contemporary A/C still occasionally exploit this process. In the 1940's, 
Hazleton harnessed the electrodeposition process to unite sheet glass 
installations for architectural and interior design applications. Most notably, 
he advocated the process for fabricating hermetically sealed windows, 
interior panels and courtesy screens. He employed a more technically 
advanced process which involved applying a silver paste preparation to the 
peripheral edges of the glass to instil electrical conductivity and promote 
deposition. Furthermore, a special cradle was designed to support and 
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restrain the structure during the electrodeposition process, until a sufficient 
thickness of metal had been formed to render the object self supporting. The 

procedures highlighted above deserve to be revived by future A/C 
practitioners; in particular they offer enormous scope as a technical language 
for creating glass murals and mosaics. 

3: Jewellery 
A more peculiar precedence was established by the French entrepreneurs 
Messieurs Viet and Nelson when in 1880 (British Pat. No. 707) they 
registered a patent specification for fastening plain, cut, faceted and 
enamelled glass beads to backplates/mounts for the purpose of 
manufacturing jewellery, buttons, combs and other precious artefacts. In 

principle, copper wire fed through the reverse side of the pierced metal plate 
and accompanying glass bead, was used to forge a connection and 
temporarily set and locate the component in the desired position. 
Electrodeposition procedures were then used to fill any exposed crevices 
and encapsulate the elements in metal to permanently and adherently unite 
the artefact. This technique replaced many of the traditional riveting and 
soldering procedures which had previously been employed in the production 
of jewellery and buttons, and was subsequently extended to the manufacture 
of decorative earrings and umbrella handles. 

Section B: Protective Applications 

1: Preserving mirrors 
(1.1) The function of the process 
The backing of mirrors represents one of the most commercially and 
industrially significant applications of electrodepositing metals onto glass. 
The technique was particularly popular because it was capable of providing 
protection in the form of a high level of thermal, mechanical and chemical 
stability, which considerably increased the long-term serviceability of the 
looking glass. The process covered the basic technical requirement of 
furnishing the freshly formed and delicate mirrored surface of the glass, 
with a permanent coating of metal which was impermeable and resistant to 
corrosion from the surrounding environment. Strength and durability were 
also engendered, to curb deterioration from physical abrasion, and the wear 
and tear of everyday use. The level of protection afforded was not solely 
predetermined by the physical properties of the electrodeposited metal. This 

characteristic was found to vary significantly, depending upon how 
effectively the film properties engendered through the intermediary 

mirroring and subsequent electrodeposition procedures interacted to form a 
composite backing structure. 

(1.2) The practical application of the process 
The technique was widely exploited between the 1850s and 1930s. 
Throughout this period the same basic procedure was employed. In 
principle, this was relatively simple and straightforward. The conductivity 
required to facilitate electrodeposition was automatically imparted as a direct 
result of the mirroring (chemical silver reduction) process. This coated the 
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glass with a highly conductive, but extremely thin and delicate film of silver. 
Exposed to normal atmospheric conditions for any length of time this was 
found to be susceptible to oxidation, leading to the discoloration and 
deterioration of the mirrored surface. Therefore, after silvering the mirrors 
were rinsed and left to dry for 2/3 hours, prior to undergoing 
electrodeposition in either a copper cyanide or nickel sulphamate 
electroplating solution. (Acid copper sulphate solutions were considered to 
be inappropriate for use on account of their highly acidic and corrosive 
nature, which attacked and undermined the quality and durability of the 
silver film). This enabled the mirrors to be permanently sealed and protected 
with a hard, resilient backing of metal. 

(1.3) The historical development and commercial exploitation of the process 
Earliest records referring to the electrodeposition of glass for this purpose 
date back to the 1850's when practical and empirical research was 
undertaken by Justus Von Leipig. This led to the registration of a patent 
specification (1858 - British Pat. No. 1255) which recommended coating 
mirrored/silvered glass surfaces with protective deposits of copper, gold, 
nickel or tin. In documenting the technical details of the process, specific 
reference was made to the design configuration of the anodes which had to 
correspond in size and shape to the overall dimensions of the mirror. During 
deposition these were located in a parallel position to the mirror to promote a 
coherent and uniform surface coverage of electrodeposited metal. 

In principle, this established precedence formed the basis of many 
subsequent patent specifications. Nevertheless, with progress various 
improvements and modifications were introduced, which by the early 1900s 
enabled the quasi-scientific process to develop into a refined and precise art 
form (Fig. 3/1). 

Documents relating to the electrodeposition of mirror backings from the 
1920's onwards, reveal a radical change in the interests and motivations of 
pioneers and entrepreneurs. They expose a new enthusiasm and pre- 
occupation with designing, equipment, gadgets and peripheral apparatus for 
conveying mirrored glass through semi-automated machinery. This growing 
impetus was a reflection of the onslaught of the industrial revolution and the 
incipient growth in commercial and profit related ventures. Whilst this 
progressively freed the process from the constraints and limitations of 
manual operation, it meant that research into the technical and scientific 
advancement of the process, was largely neglected and temporarily shelved 
in favour of implementing mechanical appliances which were aimed solely at 
increasing efficiency and productivity. (Documents and patents which 
exemplify this transition are referred to in Section 3 of the Appendix). 
Nevertheless, mechanisation proved to be advantageous in providing the 
expertise and knowledge required to enable mirrored glass lenses of any 
spherical shape of contour to be furnished with very uniform, protective 
coatings of electrodeposited metal. As such, the process was employed in 
the manufacture of domed reflectors and glass globes/shades for the 
automotive and lighting industries, respectively (1883 - British Pat. No. 
467). Both of these applications became commercially viable and heavily 
exploited in the early part of the twentieth century. 
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Fig. 3/1 The Protective Electrodeposition 
of Silvered Glass (Mirrors) by 
Saint Gobain, Paris (c. 1914) 

(Source: BROT, H. (1914) La protection de l'argenture des 
glaces par la cuivrage 6lectrolytique. Genie Civil, Vol. 65 

(June), p. 117) 
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(1.4) The contemporary approach 
The employment of the electrodeposition process in preserving glass mirrors 
has recently been superseded by a more contemporary and technically 

advanced process which produced mirrors of a superior quality. 
Revolutionary new techniques which relied upon chemical, non-electrolytic 
processes first emerged in the 1950's (referred to in Section 4 of the 
Appendix). These offered a much simpler, far more reliable and financially 

expedient method of preservation. Furthermore, they had the significant 
advantage of reducing the `seconds' and loss rates incurred during 

production to a comparatively negligible level. This asset in particular, 
promoted the commercial viability and widespread popularity of the process. 
This watershed, marked the progressive transition away from the protective 
electrodeposition of mirrors, now regarded as archaic and obsolete, to new 
methods of preservation. Silvered mirrors now received a chemically 
reduced (electroless) copper film prior to being coated with an adherent, air 
tight and therefore corrosion retardant paint, which was cured and baked 

onto the glass to form a composite backing structure. This process (which is 

referred to in Section 5 of the Appendix) has since become an accepted 
hallmark of modem technology and is now widely exploited by reputable 
mirroring manufacturers such as 'Solaglass'. 

Although, the technique has largely fallen into disrepute, references 
advocating the electrodeposition of mirrored surfaces are still occasionally 
cited in modem literature. A recent patent specification filed by Shatlovskaya 

and Beketor, (1972 - Russian Pat. No. 351801) recommended 
electrodepositing cobalt onto glass surfaces which had been mirrored with 
metallic films of silver and copper. However, such processes tend to be 
limited to very specific, idiosyncratic applications and scientific based 

research projects. 

2: Strengthening scientific/medical instruments 
A synonymous technique of chemical silvering/mirroring and 
electrodeposition was used in the armament and structural reinforcement of 
glass vessels. As far back as 1852, Mathieu (British Pat. No. 14,300) 

employed the process to strengthen apparatus for aerating, refrigerating and 
filtering liquids. Later, glass globes and scientific equipment (used for 
filtering water) was similarly fortified to render it capable of withstanding 
high internal pressures. 

Documents indicate that the process of electrodepositing upon glass was 
also used to strengthen household and domestic appliances. In particular, 
references are made to the electrodeposition of glass soda siphons 
(Hepburn), and to the reinforcement of the spouts, lips and handles of 
everyday kitchen utensils and glass/chinaware. This shielded fragile and 
brittle objects from physical and accidental damage, and so extended their 
serviceable lifetime. 

A rather more curious and eccentric application was documented in a 
patent specification registered by L. Housemann in 1908 (British Pat. No. 
5984). This advocated the process of electrodepositing glass as a means of 
joining, sealing and fortifying clinical apparatus for use in medical and 
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surgical operations. In principle, glass specula were encapsulated in a thick, 

robust and adamant coating of electrodeposited metal as a means of 

affording protection against wear and tear. This increased the mechanical 
strength of the medical utensils and also alleviated the potential for accidental 
breakages, which could inadvertently lead to dangerous glass splinters 
becoming lodged in the patient's body. The sheathing of surgical 
instruments and glass pipettes in electrodeposited metal was also reputed to 
have the advantage of promoting the rapid dissipation of heat from the 

wound, so reducing the chances of scolding the patient. In particular, this 

stands out as one of the more unique and idiosyncratic applications of the 
process, which failed to benefit from any real popular patronage. 

Section C: Electrical Applications 
The electroplating/electrodeposition process has been employed within 
electrical applications, to integrate conductive pathways and circuits into the 
surface of chosen substrate materials for the purpose of carrying an electrical 
current. The electrical energy generated can be transmitted and converted 
into heat or light, which is capable of exploitation within a diverse array of 
domestic and industrial applications. This opens up the potential for an 
enormous number of opportunities. The precedence for using the 
electrodeposition process to develop electrical circuitry on glass, is now 
fairly well established and widely practised both within the electronics and 
engineering industries. Information relating to this application can be 
divided into two specific categories (both of these will be discussed in the 
following section, ) namely electrical circuits on: 

i) Hybrid glass laminates 
ii) Sheet glass 
The electrical properties inherent within an electrodeposited circuit will 

be predetermined by two specific factors. Firstly, the electrical 
potential/conductivity of the metal being used, and secondly, the specific 
operating parameters employed during the electrodeposition process. The 
following introduction will examine the practical implications of this 
rationale, and provide background information and guidelines which are 
considered relevant to A/C wishing to pursue and exploit the process within 
electrical applications. It is hoped that this section will highlight the true 
potential of this area of exploration. 

Electrodeposited metals used within electrical circuitry. 
Copper and silver are excellent conductors of electricity and are commonly 
employed in the manufacture of electric circuit boards (gold and palladium 
are also occasionally advocated for use within engineering applications. ) 
Whilst silver is considered to be superior because it is capable of 
guaranteeing life-long serviceability, the major drawback of both of these 
metals lies in their mutual susceptibility to rapid surface oxidation. The 

natural tendency for copper to tarnish in the air and silver to form sulphide 
films, interferes with both the electrical/conductive properties of the metal 
(increasing resistance) and the solderability of the coating. To ensure that the 
film fulfils its function it must be made tarnish/wear resistant. Therefore, 
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electroplated films of tin or tin-lead alloys are frequently applied to copper 
deposits, and corresponding overplates of gold or rhodium are applied to 
silver deposits, to create superior electrical contacts and maximise the 
conductivity of the circuit. 

The operating conditions 
Before the A/C embarks upon inquiries into the feasibility of using 
electrodeposition procedures for electrical applications on glass (or indeed 

any other non-conductive substrate), it is imperative that preliminary 
research is undertaken to establish certain fundamental criteria. These are 
delineated below. 

Firstly, it is important to note (as discussed previously) that not all 
electroplating solutions are capable of yielding deposits with high levels of 
conductivity. This is an important property within electrical applications. It 
is therefore essential to seek professional advice from a reputable plating 
establishment. Secondly, the operating conditions used throughout the 
electrodeposition process will play a decisive role in either undermining or 
enhancing the properties of a deposit. Essentially the A/C must exercise 
control over the process, to enable deposits of a specific conductivity, 
porosity, corrosion resistance, solderability and strength to be produced. 
Deposits should exhibit predetermined properties and characteristics to be 
deemed suitable for successful exploitation within electrical applications. 
Above all else, it is worth noting that any chemical imbalances or forms of 
contamination which are present in poorly maintained solutions, will 
significantly reduce the purity and conductivity of the resulting deposit. 
Therefore, the scrupulous monitoring and maintenance of electroplating 
solutions is a mandatory where deposits are destined for electrical 
applications. 

Electric circuits on Gbreglass/plastic laminates 
Electronic circuit boards typically comprise of a fibre-glass packed, epoxy 
resin laminate. This forms the base upon which a metallized conductive 
pathway is applied using 'semi-additive' circuitry techniques. In the 
process, the laminated board is first completely metallized using electroless 
deposition (chemical reduction) procedures to yield a highly receptive and 
conductive surface. Photo-resist printing techniques are then employed to 
mask off and predetermine the pattern and position of the wiring 
configuration. Once selected, the positive or exposed areas of the panel are 
developed and built up using electrodeposition procedures, in either gold or 
silver plate. On completion the resist medium is eradicated and the redundant 
areas of the chemically reduced film are etched away to leave the completed 
circuit. 

For further information reference should be made to Section 6 of the 
Appendix where the process is described in greater detail. 

Electrical circuits on glass 
Glass has dielectric properties, it is therefore a good electrical 
resistorfinsulator. However, by integrating an electrodeposited metal circuit 
into the surface of the glass, it is possible to modify its physical and 
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chemical properties, and render selected areas electrically conductive. The 

electrical applications which have evolved from this practice, all exploit the 
unique and intrinsic properties of glass, and rely emphatically upon its 

rigidity, strength, transparency and suitability to mass production. 
Furthermore, the relatively inert properties of glass render it unlikely to 
undergo distortion or deterioration when exposed to adverse atmospheric 
conditions. These latent properties indicate why, electrodeposited glassware 
is appropriate to the electrical applications it fulfils. 

Highly sophisticated electrical circuitry on glass first emerged around 
the 1930's, and has since flourished within a range of very unique, insular 
and discrete applications. The two pioneering examples cited in the 
following discussion, both exploit electrodeposited glassware for the 
purpose of creating devices for generating and dissipating heat. The first 
example, focuses upon the experimental concept of designing glass radiators 
for domestic interiors, whilst the second relates to the developments in the 
automotive industry, where the process was employed for integrating 
heating circuits into car backlights/windscreens. In both of these 
applications, the process of electrodepositing metals onto glass was 
employed within a context/manner which was important from both a 
decorative and electrical point of view. 

1: Glass radiators 
During the 1930's, the French glass manufacturer St Gobain embarked 
upon research inquires into the feasibility of metallizing glass. These 
investigations were conducted with a view to possibly exploiting the process 
within electrical applications. The original idea for the research, evolved 
from the pioneering experiments and fortuitous observations of Charles 
Margot in 1895, which centred upon exploring the potential for generating 
tenaciously adherent aluminium films on glass. This discovery was a 
catalyst and inspiration for the research and experimentation which 
followed. The process was scrutinised to evaluate the strength of the (glass- 
to-metal) bond, when exposed to a transient and fluctuating range of 
temperatures. The permanency and tenacity with which the aluminium could 
be adhered to the glass, was found to be sufficient to render it capable of 
transmitting a sustained electrical current without adversely affecting the 
glass. Research therefore concentrated upon exploring the commercial 
viability and potential application of the process, within an experimental 
range of heating devices. 

The following resume indicates that electrodeposited glassware can be 
used within heating applications. This illustrates that the process holds a 
latent, unexplored potential which is eagerly awaiting future exploration by 
A/C. The implies that with further research, new possibilities will arise 
which will enable the technique to permeate into a much broader and more 
exciting spectrum of electrical applications. In particular, the highly 
conductive nature of electrodeposited glassware, renders it appropriate to 
transmitting electricity within lighting applications. It is hoped that the 
ensuing description will captivate and enthuse the imagination of A/C, and 
in the future act as a catalyst for initiating and promoting a new area of 
exploration. 
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(1.1) The practical application of the process 
In the first instance, using a completely different technique, a fine dispersion 

of molten aluminium was sprayed into the surface of the glass to form a 
highly reflective metallic film. This was applied selectively to produce a 
tenaciously adherent pattern conforming to the design configuration of the 
intended circuit. As far as can be understood from the information available 
a special immersion treatment was then employed to render the passive, 
electrically resistant nature of the aluminium sufficiently conductive, to 
enable electrodeposited metal to be superimposed over the circuit pattern. 
The electrodeposition process which followed was crucial to integrate the 
auxiliary electrical attachments into the circuit, and facilitate the passage of 
an electrical current across the surface of the glass. This energy could in turn 
be used to generate a source of heat. (The more detailed description of the 
process is referred to in Section 7A of the Appendix. ) 

Later, manganese was used as a substitute for aluminium, because it 
exhibited a closer coefficient of expansion to the glass and superior 
insulating properties. This proved to be more effective in protecting the 
glass from thermal shock, which was encountered when circuits were 
heated for long periods of time. 

St Gobain invested considerable research resources in exploring the 
technical limitations and commercial viability of using this unique process of 
spraying a fine dispersion of aluminium onto glass to design and 
manufacture heating appliances. Various domestic heating mechanisms 
emerged from the new technology. A typical example was the'Radiaver' a 
fully operational 500 watt glass radiator (Fig. 3/2). This was constructed 
from two sheets of float glass which were aligned vertically, in an adjacent 
position to one another. The heating elements (which were integrated into 
the glass panels using the process outlined above) consisted of a series of 
8mm (5/16ths") wide aluminium strips which were arranged in a very 
austere, aesthetically pleasing greek design. The whole structure was 
supported on a moulded/cast glass base. Later versions of the radiator, were 
modified in design to incorporate control mechanisms for regulating the 
heating speed and output. (A detailed description of the full range of 
products is referred to in Section 7B of the Appendix. ) It is not known 
whether the prototypes were ever put into commercial production. 
However, the principles behind this technology were adopted and applied 
elsewhere, particularly in integrating electrical circuits into glass panels for 
the purpose of manufacturing food warming trays and domestic heating 
appliances. 

2: Car backlights 
Traditional glazing applications exploit the inherently transparent and 
protective properties of glass. However, over recent years the 
electrodeposition process has been employed to selectively instil electrically 
conductivity properties onto glass panels. This technique has found 
widespread exploitation in the automotive industry, in the highly specialised 
application of heating circuits for defogging/de-misting car 
windscreens/backlights (Fig. 3/3). The main principles and objectives 
behind the process correspond directly with those pursued by St Gobain in 
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Fig. 3/2 Saint - Gobain's "Radiaver" 

UwOUwdwU006j 

Aluminium on glass. Exhibited at the 
International Exhibition of 1937. Currently held 
in the Museum of Decorative Arts, Paris, France. 
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Fig 3/3: Car Backlights 

-ýJ 

4i 

The rear windscreen of a Ford Fiesta. The process of electrodepositing 
metal onto glass found a unique application in the automotive industry, 

where it was employed in the manufacture of resistance circuits for 

demisting/defogging car windscreens 



Burdett. G. 1998 Chapter 3- Historical and Contemporary Uses [3] 44 

manufacturing radiators. However, the resemblance ends there. In each case 
the procedures employed to metallize and integrate the circuit into the body 
of the glass were discrete, esoteric and quite exclusive to their specific 
application. 

(2.1) The practical application of the process 
A substantial volume of literature exists from around the 1970's onwards, 
when various companies and commercial enterprises were avidly pursuing 
the process. The information contained within these documents and patent 
specifications is of a predominantly technical nature and focuses upon 
criteria for assuring surface compatibility between the metallizing media and 
the glass. (referred to in Section 8A of the Appendix. ) The following 
description represents one typical example of the process. However, for 
reference purposes other comparable processes are described in Section 8B 
of the Appendix. 

During the 1970s, the Ford Company (a major car manufacturing 
enterprise), pioneered a new technique (1970 - German Pat. No. 2020705) 
for permanently fixing electrical wiring circuits onto sheet/float glass, for the 
purpose of de-icing car windscreens. The process relied upon the use of a 
highly conductive silver paint which comprised of 40-60gms of silver nitrate 
(AgNO3), 120-260gms of copper chloride (Cu Cl, ), 160-90gms of 
potassium chloride (KCL), 600-700gms of barium carbonate (BaCO3) and 
600-700gms of ochre (Fe203) which were mixed with turpentine or pine oil 
to form a homogenous thick paste. This metallizing medium was applied to 
the glass in the configuration of a series of narrow horizontal strips which 
were joined at either side by two wide perpendicular rails. These enabled 
soldering techniques to be used to connect the circuit to the electrical source. 
The glass plate was then kiln fired to a curing temperature of 650°C - 675°C 
(1202°F - 1247°F) for a period of 10-12 minutes. The function of this 
process was threefold. It permanently embedded/fused the conductive metal 
circuit into the surface of the glass, slumped it into the desired curvature and 
tempered/hardened the glass. On annealing any excess residual paste was 
rinsed from the surface, before exposing the metallized glass to an 
electroless copper plating process. This furnished the circuit with a thin film 
of chemically reduced copper. Following this treatment the glass underwent 
deposition from a conventional electroplating solution in order to build up a 
thick, robust and durable film of metal. 

The resulting electrical circuit was highly conductive and therefore 
capable of conveying the 12 volt electrical supply required for de- 
icing/misting car windscreens. In addition, the heating resistance of the 
circuit could be controlled and predetermined by altering the speed and 
duration of the electrodeposition process (this governed the amount of metal 
deposited - electrical circuits with higher voltages naturally required thicker 
deposits), or the width of the circuit lines. Today, this process has been 
superseded by more highly advanced 'electroless/non-electrolytic' 
techniques, which are capable of producing highly tenacious, abrasive 
retardant and efficient heating circuits on glass, without the need to rely 
upon electrodeposition techniques for structural reinforcement. 
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Section D: Electroforming Applications 

This exists as one of the most widely exploited and diverse applications of 

electrodepositing metals onto glass. One important and unique characteristic 
distinguishes this application from all others discussed within this chapter. 
Whilst metal is electrodeposited in a conventional manner, it is deliberately 

rendered non-adherent so that on completion it can be divorced and detached 
form the substrate surface to produce an entirely self supporting and 
independent metal structure known as an electroform. (This is in sharp 
contrast to most applications, where the primary objective is to coat the glass 
with a permanent and tenaciously adherent metal film). The unique 
advantages and characteristics of the electroforming process which have led 
to its widespread popularity and exploitation, are referred to in Section 9 of 
the Appendix. 

The fundamental principles of the process 
In the process the metallized glass substrate, commonly referred to as the 
matrix or mandrel, acts as a surrogate mould and provides the base structure 
upon which the facsimile will be reproduced in electrodeposited metal. The 

overall thickness of the electroformed metal will typically vary between 1 
thousandth and half an inch (12mm), depending upon the strength and 
rigidity of the form. 

On extraction from the electroplating solution the electroform is 
divorced and detached from the mandrel through the exertion of physical 
pressure. Frequently, the glass mould is treated with a release medium 
(prior to metallization), to promote separation and prevent a tenacious bond 
forming between the electrodeposited metal and glass. Once the 
electroforming process has been completed this enables the mandrel to be 

retrieved, cleansed and reinstated for use in producing multiple or repeat 
electroforms. This fundamental principle is common to all of the following 

electroforming applications. 
This section describes the historical scenarios in which glass mandrels 

were employed for electroforming purposes. These have been classified and 
categorised according to application. 

Whilst fragile, the strong, rigid properties of glass, together with the 
fact that it is inert and resilient to the chemically corrosive nature of many 
electroplating solutions warrants its use as a suitable mandrel material within 
the following applications. 

1: Printing blocks 

(1.1) The practical application of the process 
For many years, printing practices have employed electrolytic processes for 
fabricating printing blocks. Initially, a negative impression of the original 
typeface was taken and transferred to the mandrel material, which was 
subsequently metallized and used to produce a duplicate electroform. The 
mandrel could be fabricated from a vast array of master materials. Many 
contemporary techniques employ plastic or metal moulds. However, glass 
was an early and historically significant predecessor to these modem 
mandrel materials. 
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The principles behind the process were relatively straightforward, and 
involved transferring the typeface or design to the surface of the glass 
template as a deeply incised pattern. This image was created through a 
process of engraving, etching and/or sandblasting. The surface was then 
metallized and rendered electrically conductive, enabling a heavy deposit (up 
to 3mm -- 1/8th") of nickel or copper to be electroformed onto the prepared 
mandrel. Once formed this dense metal shell was detached from the glass 
mould to produce an exact facsimile of the intended type face. For printing 
purposes, this created a raised and inverted impression of the original 
design. The duplicated electrotype/facsimile was finally strengthened with 
an alloyed backing of tin, lead and antimony, before being employed in 

conventional printing processes. 

(1.2) The historical development of the process 
The main thrust of activity in employing glass mandrels for electrotyping 
printing blocks occurred between the 1850's and the 1870's. Beslay's 
account of the process which was recorded in 1859 (British Pat. No. 2095), 
can be cited as one of the earliest. This describes a method of creating 
electroformed plates for application in printing blocks, templates, cylinders 
and matrices. Initially, a glass template was taken and liberally coated with a 
viscous varnish (a black bituminous substance). As this gelled and solidified 
the desired pattern was drawn and scratched into the glutinous surface to 
create a reverse/negative impression of the desired image. The template was 
then metallized prior to being introduced to the electroplating solution, 
where upon it received a thick deposit of copper. On completion, the 
electroformed metal shell was released from the glass mandrel by gently 
warming and melting the intervening varnish. The electrotype/metal shell 
was finally cleansed before being used as the basic component of a printing 
block or cylinder. 

One technical amendment to the process, which was soon adopted as 
common practice was recorded by D. Campbell and R. H. Courtney. (1866 

- British Pat No. 1334) This procedure employed photographic techniques 
to impart relief designs onto the surface of the glass mandrel. Initially, a 
light sensitive colloidon in the form of a gelatine was prepared and applied 
to the glass to create an embossed surface pattern. Courtney then metallized 
the colloidon coated glass using a three stage process. This involved 
immersing the glass in a solution of gold chloride, prior to exposing it to a 
silver nitrate solution. Finally, the mandrel was treated in iron protosulphate 
-a metallizing medium which was chemically reduced using sugar or grape 
juice to precipitate the formation of a discrete, yet highly conductive metal 
film. The electrodeposition of the glass mandrel was carried out using an 
acid copper sulphate electroplating solution. The completed electrotype was 
subsequently relinquished from the gelatinous surface of the glass substrate 
using boiling water. 

This precedence of using glass mandrels for electroforming printing 
plates was short lived. The precision and flexibility afforded by rival 
mandrel materials soon rendered them impractical and obsolete. 
Progressively, glass mandrels were superseded by metal and plastic formers 
which were technically superior and more appropriate to the application. 
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2: Embossed templates 

(2.1) The practical application of the process 
Technically, on a parallel to the above process electrodeposited glass was 
exploited for electrofonming an ambiguous variety of semi-functional and 
purely decorative metal plates and precious metal foils. As early as 1872, 
Petitjean (British Pat. No. 3680) illustrated the technical and creative 
potential of the process. In particular, resist media were used to selectively 
grind, sandblast and etch away portions of glass in a predetermined/ 
designated fashion. This created a decorative relief pattern, comprising of 
contrasting surface areas of matt and polished glass. Metallization was 
conducted using chemical reduction/mirroring procedures and was followed 
by the electroforming of a thick metal film. In this manner, it was possible 
to fabricate a series of shallow decorative reliefs and ornamentally 
embossed templates. 

Even today, this intriguing process lends itself to an endless repertoire 
of exciting decorative and aesthetic possibilities. In particular, it represents a 
flexible and practical technique of duplicating/replicating images which 
demand a finite level of accuracy and control. The relative dormancy of the 
process over recent years belies its latent, and as of yet unexplored potential. 
It is hoped that the following summary will provide an insight into the 
process, which will enthuse future A/C practitioners and motivate them to 
harness and actively pursue the process with the renewed creative passion 
and ingenuity. 

(2.2) Commercial applications 
J. J. Callow (1885 - British Pat. No. 1014) employed the process for 
industrial and commercial applications. In particular, he advocated using 
glass mandrels for electroforming'electro-metallurgic' perforated sheets, 
sieves, lattices and stencil plates. In the process, etching procedures were 
used to incise the glass mould with an intricate labyrinth of patterns which 
corresponded to the apertured design format of the proposed metal sheet. 
The depressed/recessed areas of the glass mould were then selectively 
impregnated with a metallizing medium, comprising of an amalgamation of 
benzene, metal dust and plumbago to confer good surface conductivity. 
Once immersed in the electroplating solution the electroforming process was 
activated on the metallized surface areas to produce a conforming copper 
sheet, stencil or template. This method of producing perforated industrial 
foils and membranes subsequently emerged as a particularly significant and 
commercially successful application of the process. 

Contemporary processes of an analogous nature are still exploited 
within commercial and industrial applications. Most notable up until the 
1960's, English Electric (former E. M. I. ) employed cathode sputtering 
technology to metallize mandrels in preparation for electroforming copper 
and nickel grids/meshes. In the process, a thin film of a gold and palladium 
alloy was sputtered over the reticulated surface of the glass mandrel. This 
was then selectively cleansed to eliminate the alloy from the more prominent 
and highly polished surface areas of the glass. The metallizing medium 
retained in the recessed/sandblasted areas of the matrix formed a continuous 
conductive pathway which was used as a basis for electroforming the grid 
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structure. After a sufficient thickness of metal had been deposited, the 

electroformed master was extracted from the glass mandrel to form a self- 

supporting and independent metal structure. The pattern imposed upon the 

glass could be varied, to create a perforated metal foil of any design or 
configuration. Furthermore, because the glass mould was retrievable it 

could be used repeatedly, to produce a duplicate series of meshes and fretted 

grills. 

(2.3) Decorative applications 
A rather more curious application, which gained notoriety for its unique and 
idiosyncratic nature was recorded by the nautical engineer J. Reynolds 
(1887 - British Pat. No. 12,880). He employed domed or flat circular plates 
of float glass as mandrels for electroforming ships compasses. Hydrofluoric 

acid was used to etch the ornamental intricacies onto the glass template. 
These delineated the divisions represented by the dial of the compass. 
Blacklead and graphite were then meticulously scoured and burnished into 
the prepared surface to induce conductivity, before lowering the suspended 
glass mandrel/electrode into the electroplating solution. Since adhesion was 
negligible the completed electroform was easily released from the glass 
former. The main advantage of the electroforming process was that very 
sharp, bold and detailed relief could be incorporated into the design of the 
compasses, which were deemed appropriate for seafaring and navigational 
purposes. 

With progress the technique was extended and modified. This enabled 
the process of electroforming glass templates to be adopted in the 
manufacture of frescoed ornamentation, inlaid furniture decoration, cages, 
windows, pierced scrolls, fire screens and honeycomb fretted, interior 

courtesy screens. At the zenith of its popularity, the process was exploited 
by influential business entrepreneurs such as Gibbs for the commercial 
production of embossed panels, metal bedsteads, coffin plates and cabinet 
handles. 

3: Metal leaf 
According to patent specifications (1888 - British Pat. No. 17,779 and 
1910 - British Pat. No. 11,803), Fritz Demel exploited the process as an 
alternative method of producing gold leaf (Fig. 3/4). The characteristically 
smooth, highly polished appearance of float/sheet glass deemed it a 
particularly appropriate mandrel material for electroforming wafer thin 
precious metal foils/membranes. The metal leaf was extremely fragile and 
delicate, therefore to enable it to be easily divorced from the cylindrical glass 
former, an intervening release agent was used. This typically took the form 
of a superficial film of gutta-percha, which was rendered conductive using a 
compressed layer of finely pulverised metal powder. To promote deposition 
and reciprocate good adhesion, the prepared mandrel was initially 
introduced to a silver plating solution, prior to being transferred to a gold 
plating facility. On completion, the mould was then extracted and saturated 
in a solution of benzene and naphtha, (not recommended for use by A/C 
today) a lubricant/solvent which enabled the precious gold leaf to be stripped 
away from the supporting glass mandrel. (The superfluous silver film was 
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Fig: 3/4: Fritz Demel's Method of Manufacturing 
a Substitute for Gold Leaf 

NO 11 , 303 Aý. D. 1910 

Date of Application, 12th May, "1910 
Complete Specification Left, 8th Nov., 1910-Accepted, 4th May, 1911 

\, 
ýý 

This invention relates to the manufacture of a substitute for gold leaf for decorative application 
in the bookbinding trade. In the process a flat, circular sheet of window glass (a), was coated 
with a film of gutta-percha which on partially drying this was rendered conductive using finely 
divided copper powder. This was introduced to the electroplating solution (b), and supported on 
a revolving pulley mechanism (c, d, & e) where it received a thin film of electrodeposited silver 
and gold. On completion a solvent was used to detach and strip the precious metal leaf from the 
supporting glass mandrel. 
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subsequently dissolved and eradicated using a suitable etching mordant. ) 
The resulting gold leaf was employed within a wide range of decorative and 
ornamental applications. 

4: Hollow-ware 

(4.1) The practical application of the process 
Throughout history various items of utilitarian and domestic glassware 
including vases, culinary plates and jugs have been employed as expendable 
mandrels for electroforming hollow metal forms. This precedence dates 
back to 1872 (British Pat. No. 3680), when Petitjean advocated using glass 
mandrels for various electroforming applications. In principle, the exterior 
surface of the glass mandrel corresponded to the interior shape of the 
intended artefact. Therefore, the electroformed facsimile emerged with 
marginally larger dimensions than the supporting mould. After the glass had 
been metallized and a sufficient thickness of metal had been deposited, the 
electroform was detached from the surrogate glass mandrel using physical 
pressure. Frequently, this separation incurred fracturing or smashing the 
glass. This revealed the completed electroform which corresponded 
accurately in shape, design and morphology to the prototypeloriginal glass 
mandrel. An overplating of silver or gold was frequently applied to furnish 
the object with the social etiquette and decorative style demanded by 
aristocratic members of society. Despite the apparent extravagance of using 
destructible and therefore sacrificial glass mandrels, the process received 
popular patronage for its financially expedience and labour saving attributes. 

(4.2) Commercial applications 
F. I. Gibbs emerged as a prominent entrepreneur of the process. Motivated 
by the desire to transform the technique into a commercially viable process, 
he registered a series of patent specifications (Fig. 3/5 & Fig. 3/6) (1909 - 
British Pat. Nos. 5958,5961 & 5962) which rendered the industrial mass 
production of electroformed hollow-ware (namely vases and plates) both 
practical and feasible. Gibbs successfully modified the process to 
incorporate the use of sectional glass moulds, (Fig. 3/7) (1908 - British Pat. 
No. 20,858) which once assembled, aligned perfectly to form the shape of 
the desired article. This amendment had significant implications. In 
particular it permitted electroforms deposited on the internal walls of moulds 
to be withdrawn with greater ease, and for the first time rendered enclosed 
moulds capable of repeated use in the mass production of electroformed 
artefacts. This breakthrough introduced greater flexibility and financial 
viability, and promoted the use of the process within the manufacture of a 
wide range of three dimensional objects including embellished cornice 
moulds, candelabras and ornamental cutlery. Nevertheless, in many 
instances the practice of encapsulating ornamental glass objects within 
permanent cage/frame works of electrodeposited metal continued to flourish. 
This gave rise to many unique, semi-functional artefacts which were 
elaborate and of a highly decorative nature. 
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Fig: 3/5: An Improvement in the Production of (Hollow) Metallic 
Articles by Electrodeposition 

Fig. 1: Sectional Elevation of the Glass or Pottery Ware Model. 

Fig. 2: The same Model with an Electrodeposited Exterior which Extends over 
onto the Interior Rim. 
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Fig. 3: Sectional Elevation of the Vase after the Model has been Removed. 

Fig. 4: Sectional Elevation of the Rim of the Vase Showing the Overhanging 
Edge which has been Chased to Form a Hollow Bead (3), or Thickening 

ä (4) around the Rim for Structural Reinforcement. 

v Figs. 5/6&7: Sectional Elevation of the Base of the Vase. 
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Fig: 3/6: An Improvement in Models used for the Formation of 
Metal Vessels by Electrodeposition 

Fig. 1: Sectional Elevation of a Footed Bowl. 
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Fig. 2: The Same Bowl with Electrodeposited Metal on its Exterior Surface. 
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Fig. 3: The Lower part of the Bowl After the Model has been Removed from the 
Deposit. (A base plate (4) covers the foot of the original model (3) which 
remains intact) 
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cy I The glass or china model 4 The metal base plate soldered 

2 Recessed groove between the foot into position 
o°a and body of the model 5 The electrodeposited metal coating 

3 The foot of the model 
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Fig: 3/7: F. 1. Gibbs i\iethod of Producing Metallic and Combined 

Metallic and Non-metallic Articles by Electrodeposition. 

Fig. 7: A Front Elevation of a Set of Lustre Ware Moulds For Forming a Teapot. 
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Fig. 8: A Sectional Plan of the Same Mould taken on Line X-X of Fig. 7. 
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A glass /pottery model was made comprising of several parts; two halves (B & C) corresponding 
to each half of the teapot; a top ring for seating the lid and a circular block (L') for forming the 
depression (12) in the base of the teapot. A metallic lustre was applied to the bottom (12), body 
(13), handle (14), spout (15) and rim (16). The mould was then joined together and introduced to 
the electroplating solution where a thick film of copper was formed. On completion the electro- 
form was removed from the mould to reveal a beautifully polished and tarnish free surface. The 
main advantages of the process were its financial expedience and commercial viability. 

Fig. 9: Moulds for External Deposits 
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Each half of the mould (F& G) was formed 
with projecting surfaces which were lustred 
(21) so that the two deposits (22 & 23) were 
formed with exterior flanges (20). 

Fig. 10: Moulds for Internal Deposits 
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Each half of the mould (11 & I) was formed 
with projecting surfaces which were lustred 
(26) so that the two deposits (24 & 25) were 
formed with interior flanges (20). 

The two electroforms (figs. 9& 10) were placed with flangcs facing to form a hollow metal article. 
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5: Reflectors 
To avoid possible confusion it is worth differentiating between on the one 
hand, metal coatings which are electrodeposited onto glass mirrors, with the 
intention of forming a tenaciously adherent and permanent protective 
backing, (as discussed in Section B) and on the other hand, metal coatings 
which are electroformed onto glass mandrels with a view to minimising 
adhesion and promoting the deliberate detachment of the metal shell after 
deposition. The latter of these techniques, was employed in the production 
of electroformed reflectors and is subject to discussion in the following 
resume. 

(5.1) The historical development and commercial exploitation of the process 
The practice of electroforming glass mandrels was widely exploited in the 
production of metal reflectors and specula. Most notably, the process was 
used for fabricating large, lightweight, durable lenses, which were used 
within a wide range of applications. In particular, large parabolic reflectors, 
astronomical satellites, cinema projectors for motion movies and 
navigational searchlights all relied upon the process for their production. 
Records substantiating this date back to 1883, when experimental and 
empirical research was undertaken by Lake. The endeavours of this pioneer 
and those that followed gave rise to a series of patent specifications which 
were dedicated to the practice. The most important entrepreneurs and 
exponents of the process included Scharling, Swabe and Bart. 

However, it was S. O. Cowper-Coles in association with a variety of 
proprietors, who was fundamentally responsible for pioneering, advancing 
and sustaining the practice of electroforming glass mandrels. He pursued the 
technique with enormous enthusiasm, inventing numerous gadgets and 
devices in a determined bid to transform it into a commercially viable 
process. These endeavours were documented in a series of patent 
specifications registered between 1895-1907. In principle, one of these early 
documents (Figs. 3/8 to 3/10) (1985 - British Pat. No. 5600) describes the 
procedures which were involved in preparing a polished glass mandrel for 
the electroforming process. Initially, the convex surface of the glass dome 
was coated with beeswax dissolved in a volatile solvent of benzene. On 
drying this solidified to impart an imperceptible and discrete wax film. (This 
performed the role of a release agent, and assisted in divorcing the 
electroform from the glass mandrel once the electrodeposition process had 
been completed. ) A silver film, was then precipitated onto the surface of the 
glass using conventional mirroring/chemical reduction procedures. On 
burnishing, this yielded a highly conductive metal film. Following jigging 
onto a rotational pivot mechanism the metallized glass was electrodeposited 
with a uniform coating of palladium or chromium (Fig. 3/11). This formed 
the critical, reflective surface of the lens/mirror, which was subsequently 
reinforced with a substantial thickness of electrodeposited copper. The glass 
mould coated with a composite surface structure of electrodeposited silver, 
palladium and copper was then extracted from the plating solution, rinsed 
and heated to a temperature of 65-93°C (150-200°F). The difference in 
thermal expansion of the metal and glass permitted the electroformed metal 
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Fig: 3/9: A Sectional Elevation and Plan View of a Bath fitted 

with a Modified Arrangement of the Burnishing Device 
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C3 In this arrangement a vertical shaft (I) was pivotally connected to a pair of arms (12) & (13) bearing 
adjustable weights (12x) & (13x). When the shaft revolved the nut (11) ascended causing the weights and 
burnishing rollers (G4) to advance downwards across the surface of the mould. The shaft could be 
carried to the free end of the arm (14) which was pivotally connected (1S) to the sides of the bath (A1). 

Ö This allowed the completed mould to be removed from the electroplating solution. 
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Fig: 3/10: A Sectional Elevation of a Tank fitted with a Further 
Modified Arrangement of the Burnishing Device 
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Fig: 3/11: A Vertical Section Showing a Bath Constructed for the 
Deposition of Palladium or Chromium on the Mould 
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ö, The apparatus consisted of a steam jacket / pan (K) containing the electroplating solution. This was lined 
with a lead anode. The pan was supported upon a ram (L). This could be raised or lowered hydraulically 
or by screw gearing (R. 1) to bring the solution into contact with the mould (B), which was supported from 

CS stands (N). 

d 

The burnishing device consisted of a curved arm (1) which was hinged to the tank (11), and connected 
at the upper end by an adjustable stay rod (J2) to the inside wall of the bath. The arm was fitted with 
brackets (J3) & (J4), and passing around these was a chain /belt (J5) furnished with burnishing rollers 
(J6). This allowed the rollers to travel successively back and forth over the curved surface of the mould 
(B). The mould was supported on a rotating spindle throughout the electrodeposition process. 
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facsimile to be detached and released from the mandrel to produce a brilliant, 
highly reflective lens. Subsequent patent specifications (Fig. 3/12 & Fig. 

3/13) (1896 - British Pat. No. 26,616) which either modified or extended 
the process, were used to fabricate an increasingly sophisticated range of 
lenses and reflective devices. Further examples are referred to in Section 
10A of the Appendix. 

As a commercial proposition electroformed reflectors generated 
considerable market interest. Electroplating foundries including Blasuis 
Barts Co. which started manufacturing searchlight reflectors in 1917, using 
glass madrels (Fig. 3/14) went on to expand their production capacity so 
that by 1924-5 they were electroforming 35,000 reflectors a month. This 

semi-automated and highly sophisticated process was at the very forefront 

of technology. This enabled the company to produce anti-aircraft search 
lights (Fig. 3/15) and heliographic mirrors which conformed to strict 
engineering and army specifications. These reflectors were strategically 
deployed in the military activities of the second World War. 

With minor modifications, the devices and procedures outlined above 
sustained the use of the process throughout the 1930's-1940's. 
Nevertheless, two significant amendments were introduced. Firstly, vacuum 
deposition largely superseded mirror/chemical reduction processes as a 
means of metallizing glass moulds, and secondly, it became common 
practice to use palladium or rhodium in preference to chrome to electroform 
the specula surface of the mirrors. These metals provided superior reflective 
properties and a greater resistance to surface abrasion. Most of the new 
research was now directed towards refining the reflective and optical surface 
quality of mirrors (referred to in Section 10B of the Appendix). Over time 
the practice of using glass moulds dwindled into obscurity as modern 
mandrel materials were introduced which offered greater precision, 
flexibility and extended serviceability in the manufacture of parabolic 
reflectors. 

Section E: Creative Applications 

The creative exploitation of electrodepositing metals onto glass as expressed 
through the generation of decorative artefacts, constitutes one of the most 
pertinent, diverse and ambiguous applications of the process. Throughout 
history, influenced by various aesthetic movements, the process was subject 
to an ebb and flow in popularity. The art form gained momentum, to 
become a much celebrated vogue which reached the peak/zenith of its 
popularity during the 1890's. Thereafter, with the change in fashion and the 
impending pressures of war, the technique declined in favour, and fell into 
demise and disrepute. Early artisans were driven by a fundamental 

obsession with exploring the scientific execution of the art form, particularly 
with soliciting strongly adherent deposits. This gave rise to a richly 
embellished plethora of electrodeposited glassware. Their technical dexterity 
and expertise was harnessed and jealously guarded by the glass making 
industry who, paralysed by the fear of commercial competition, veiled the 
process in an impenetrable shroud of secrecy. This reticence meant that 
technical details of the process were never registered in patent specifications, 
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Fig: 3/12: S. O. Cowper-Coles and Associates Improved Apparatus 
for Manufacturing Reflectors 
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A glass mould (A) conforming accurately to the shape of the parabolic reflector was coated 
in silver and burnished prior to electrodeposition. The edge of the glass was bevelled to fit 
accurately inside a ring (73), (which varied in size depending upon the diameter of the reflector). S This provided mechanical support, a good electrical connection and promoted a cleaner, thicker 
and stronger deposit of metal around the peripheral edges of the reflector. This ring (B) was 
suspended by (C) from cross-bar (D). A vertical shaft (E) was used for raising and lowering 

%d the mould. The pulley mechanism (G) enabled the mould to be rotated freely along a horizontal 
plane, via a belt cord (GI). Together with the swivel / tilting mechanism (provided by the 
connection of the frame (D) to the shaft (E)) this promoted a more uniform deposit and agitated 
the solution. The electroplating tank (II) containing the electroplating solution (J), was supported 
from a frame (F). The anode (K) was arranged on the base of the tank, whilst contacts (K! ) 
carried the current to the anode during the electrodeposition process. 
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Fig. 3/14 One of the Earliest Searchlight Reflectors made by 
Electroforming 

ý, ý a, ý z 
ý: ýý 

(Source: BART, S. G. (1962) Historical reflections on electroforming. A. S. T. M. Special 
Publication No. 318. Synposium on Electroforming. Dallas, Texas. p. 179) 
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Nickel is electroformed onto a master mould of glass which 
has been given a conductive film of silver. Copper is then 

plated onto the nickel to form the searchlight reflector which 
results when the combined deposit is stripped from the 

mould. 

(Source: PRINE, W. H. (1948) Electroforming difficult shapes. Product 
Engineering, Vol 19 (Dec. ), p. 87. Bart Laboratories) 

Fig. 3/15 Fabricating / Electroforming 
Searchlight Reflectors 
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or formally disclosed in company literature, and have been lost forever. The 
skill and competence of these artisans in executing the process, has stood 
the test of time and remains unsurpassed even by todays standards. The 
contemporary revival in the process which is now occurring with a 
vengeance, has been endorsed and advocated by a host of A/C practitioners. 
For today's enthusiasts the main focus of attention is less centred around 
technique and more geared towards using the process to identify exciting 
new forms of creative and artistic expression. 

Descriptive summary 
The following resume has been divided into four main parts which explore 
the creative applications of electrodepositing metals onto glass. For 
reference purposes there contents are summarised below: 

Part 1: The Historical Evolution and Development of the Process: This 
highlights the work of early pioneers and entrepreneurs of the 
process (1860-1920). 

Part 2: The Contemporary Revival of the Process: This identifies A/C 
(1960-to current day) who have made a significant and innovative 
contribution to the contemporary resurgence of interest in the 
process of electrodepositing metals onto glass. 

Part 3: The Commercial Exploitation of the Process: This traces the 
application of the process by small scale studios and large 
industrial enterprises. 

Part 4: Opportunities for Exploring the Creative Potential of the Process in 
the Future: This contains an illustrated glossary of creative artefacts 
which lie outside the context of electrodepositing metals onto glass 
It is hoped that this will illustrate the technical diversity and creative 
potential of the process. 

1: The historical evolution and development of the process 
The vanguard of exponents at the forefront of the decorative art form of 
electrodepositing metals onto glass emerged alongside the discovery of the 
electroplating process. One of the earliest pioneers Frederick Shirley, 
advocated the electrodeposition process for ornamenting Lava glassware in 
order to elicit an effect which imitated'cloisonne work'. The manner in 
which the process was described in a patent specification from 1879 
(U. S. A. Pat. No. 220,038) indicates that the process was already a much 
renowned and widely acknowledged technique for embellishing glassware. 
Whilst it is evident that several different approaches to using the technique 
were adopted leading up to the turn of the 20th century, those of greatest 
notoriety and importance were registered by Oscar Pierre Erard (England) 
and John H. Scharling (USA). 

In May 1889, Oscar Pierre Erard in collaboration with the eminent 
electroplater and gilder Benjamin John Round of Birmingham, registered a 
patent specification (Fig. 3/16) (British Pat. No. 7761). This identified a 
simple yet effective technique for electrodepositing precious metal films of 
gold, silver, and copper onto glass, porcelain and chinaware for decorative 
and ornamental purposes. The process of metallization was carried out by 
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formulating a metallic flux which was applied in a desired pattern and fused 
into the surface of the glass to effect conductivity and promote successful 
electrodeposition. A raised or incised ornamentation of electrodeposited 
metal could be affected, either by pre-treating the glass with an ordinary 
raised paste (known only to the trade), or by simple furnishing the glass 
with a heavy coating of metal, which could then be embellished and richly 
engraved with intricate designs and decorative patterns. Surviving examples 
of Oscar Pierre Erards work which extol the virtues of his technical skill and 
design expertise are exhibited in Fig. 3/17. This electrodeposited glass jug, 
circa 1886, is currently held in the archive collection of Steven and 
William's Museum (at Royal Brierley Crystal) in Brierley Hill, Stourbridge. 
The small florally decorated olive green vase illustrated in Figs. 3/18 & 3/19 
now resides in the Honeybourne House glass museum in Kingswinford. 
The latter exhibit is of particular interest, since it appears to relinquish any 
reliance upon the principle of encapsulation to secure good adhesion 
between the electrodeposited metal and glass. Further examples of 
electrodeposited glassware dating from this era are represented in Figs. 3/20 
to 3/28. Although their origin is unconfirmed several of these pieces have 
also been attributed to the work of Oscar Pierre Erard. 

During the same period John H Scharling of Newark in the USA 
documented two techniques for superimposing embossed metal designs 
onto glassware. The first was registered in March 1893 (Fig. 3/29) (U. S. A. 
Pat. No. 492,840). This process consisted of several consecutive stages. 
Initially the glass was completely encapsulated in a thin film of 
electrodeposited silver. The desired pattern was then selectively painted onto 
the silver casement using a rubber resist medium. On curing this enabled the 
unprotected/exposed portions of the silver to be etched away to reveal an 
intricate and ornately decorated cagework of metal around the surface of the 
glass. 

Alternatively, the resist medium consisted of a continuous piece of 
flexible rubber tubing which conformed exactly to the dimensions and 
contours of the vase. This was stretched over the original master form and 
vulcanised to carry an embossed image of the pierced silver deposit on its 
interior surface. The rubber sleeve was then slipped off the glass and turned 
inside out, so that areas not carrying the image or raised design could be cut 
away to produce a reuseable perforated rubber mask. When coating replica 
glass forms with an all encompassing film of electrodeposited silver the 
rubber mask could be reapplied and the artefact immersed in an acid etching 
solution to selectively dissolve the metal and produce a decorative 
framework. 

A later patent specification filed in September 1893, (Fig. 3/30) 
(U. S. A. Pat. No. 505,576) advocated a simple and highly effective 
technique of producing richly embellished glass artefacts. In principle, the 
electroplating procedure was used to apply successive layers of contrasting 
metals in a manner which created an aesthetically pleasing repousse effect. 
Initially, the glass was metallized with a discrete, yet uniform film of silver. 
Special equipment was used to repeatedly flow a readily decomposable 
silver solution onto the revolving glass object. This provided the conductive 
base upon which consecutive layers of gold and silver could be 
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Fig. 3/17 Steven and Williams. Silver Deposit Wine Jug, (c. 1886) 

The electrodeposition process was one of the many technological innovations introduced 
whilst John Northwood was Art Director. Attributed to the work of Oscar Pierre Erard this 
jug, comprising of a squat form swollen collar and everted pouring spout was decorated in 
the Renaissance style with elaborately pierced silver fish, cherubs, heads, shells and scrolls. The engraved surface illustrates the craftsman artistic skill and technical dexterity 

(8.5 0. in - 21.5 0. cm) 
(Source: COOKE, F. (1986) Glass - Twentieth Century Design. New York: E. P. Dutton. p. 24) 
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Fig. 3/18 Copper Deposit Vase, (Late C19t) 

h 

b 

Globular form with tall slender neck in greenish tinted glass. 
Overlaid in copper deposit with a trailing vine of stylized 

leaves and fruit, and decoratively engraved banding of varying 
widths around the neck. This piece is especially remarkable 

because it appears to relinquish any reliance upon the 
principle of encapsulation. 
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Fig. 3/19 A Detailed Section of the Vase 

The electrodeposited copper has been embellished with an 
ornate intaglio design. Engraving tools have been used to 
create crosshatching, stippling and zig-zag impressions. 
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Fig. 3/20 Silver Deposit Vinaigrette, (Late C19`h) 
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Globular form with waisted neck, everted pouring spout and 
scroll handle, surmounted by a tall, slender stopper. Decorated 

with pierced silver deposit in the Renaissance style with 
scrolling foilage, floral borders, fruit bearing chalices and 

architectural regalia. 
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Fig. 3/21 Detail of the Stopper 

Tall ovoid stopper with swollen collar and slender, faceted 
neck, located within the pouring spout. 
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Fig. 3/22 Engraved Surface - Detail 

attention to detail. 

Decorated in exquisite detail with exceptionally fine intagalio 
engraving. This work shows the artisans skill and meticulous 
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Fig. 3/23 Silver Deposit Footed Vase, (Late C19t) 
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Tall, slender, elongated ovoid form in blue glass with flared 
neck and clear, circular foot. Overlaid in silver deposit with 
two panels bearing floral sprays and foliage within scalloped 

borders. The shoulder and base decorated with lappet borders, 
the neck with arched pillars. 
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Fig. 3/24 Front Panel - Engraved Detail 

Floral spray and scalloped border in a coarsely cut, intaglio 
engraved design. Oxidised silver surface. 
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Fig. 3/25 Silver Deposit Vase, (Late C19t) 
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Ovoid form with slender neck and flared rim in greenish-tinted 
glass. Decorated with a raising paste and overlaid with a silver 
deposit of stylized, foliage/shrubbery, and plain silver banding 

around the rim and base. This illustrates how the 
electrodeposition process can be employed alongside 

embossing techniques to create amazing surface detailing, 
texture and depth. 
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Fig. 3/26 Silver Deposit Cameo Vase, (Late C19t) 

E 

i 

hy 
y 

I 
N 

Squat, ovoid form with flared neck in matt ruby overlaid in 
opaque - white and carved with a trailing spray of flower 

blossoms and foliage, encased in silver deposit scalloped trellis 
work. The distinctive style demonstrates the influence of 

Islamic and Oriental art on the glass trade towards the end of 
the C 191. This gave rise to some dazzling creative effects. 
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Stunning effects were achieved by combining the intaglio 
working (a technique halfway between cutting and engraving) 
of cameo glass with the electrodeposition process. This was 

especially striking where the silver deposit was ornately 
engraved (this piece has been embellished with a distinctive 
chevron design. ) This gave rise to some quite amazing and 

spectacular achievements 

Fig. 3/27 Engraved Surface - Detail 
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By Oscar Pierre Erard and Joshua Hodgetts. Tall ovoid form with 
swollen collar and flared neck. Matt ruby overlaid in opaque- 
white glass decorated with meandering sprays of honeysuckle, 

encased in silver deposit trellis work, Engraved. 
( 9h. in - 22.8h. cm) 

Fig. 3/28 Steven & Williams. Persian Style Silver 
Deposit Cameo Vase, (c. 1890) 
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Fig: 3/29: J. 11. Scharlings Method of Producing Raised 
Metallic Designs on Bottles & Vases. (Sheet 1) 

This invention relates to a new method of producing raised designs on glass commonly referred 
to as silver deposit ware, and employs the use of a flexible rubber moulding material. 

No. 492,840. 

4 

ý'-`ý' 2 
WITNESSES: 

Patented Mar. 7,1893. 

ý, ý. 3 
INVENTOR: 

. 
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BY ATTY. 

Fig. 1: Elevation of the Finished Glass Vase, Showing the Engraved Metal Design. 
Fig. 2: The Glass Vase (a), Covered with Electrodeposited Metal (b). The Metal 

was Cut Away to Create a Perforated Design. A Flexible Rubber Mask was 
then taken from the Form. 

Fig. 3: Sectional Elevation of the Rubber Mask Formed Over the Vase in Fig. 2. 
The glass vase (a) was initially coated with a thin covering of electrodeposited metal (b). An 
outline of the design was drawn onto the metal and cut away (b) so that the remaining metal stood 
out in bold relief (Fig. 2). The article was then coated with a vulcanising rubber (c) to create a 
flexible mask (Fig. 3), which was perfectly smooth on the outer surface, but in contrast had raised 
portions (c) of increased thickness on the inside, where it had formed in recessed surface areas. 
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Fig: 3/29: J. II. Scharlings Method of Producing Raised 

Metallic Designs on Bottles & Vases. (Sheet 2) 

Fig. 3a: An Elevation of the Pierced. Rubber Mask. 

No. 492,840. Patented Mar. 7.1893. 
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Fig. 4: Elevation of the Vase Coated in a Solid Film of Electrodeposited Silver. 
The Flexible Rubber Mask Shown in Figs. 3& 3a was Stretched Over 
the Article Prior to Immersing it in the Acid Etching Bath. 

Fig. 5: A Vertical Section of the Glassware Showing the Relationship Between 
the Layers of Electrodeposited Metal and Rubber Mask. 

On curing the rubber mask was removed from the former and reversed so that the raised portions 
(c) on the outside could be pierced and cut away with a sharp knife to create a perforated (c ) 

rubber mask (Fig. 3a) conforming to the desired pattern. The rubber mask was then stretched over 
identical glass vases (similarly encapsulated in all encompassing films of electrodeposited metal) 
(Fig. 4). This enabled the portions of metal exposed through the perforated openings of the flexible 

rubber mask (b) to be etched away in an acid bath, either partially to reveal contrasting layers of 
different metals, or completely to reveal the original glass. (Fig. 2). The rubber mask was then 
removed and the metal was lavishly engraved with decorative surface patterns (Fig. 1). 
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Fig: 3/30: J. H. Scharling's Method of Depositing Layers 

of Metal on Glass (Sheet 1) 

This invention highlights a method of depositing layers of metal onto decorative glassware, and 
describes the apparatus for coating articles with a conductive silver film, upon which a second 
layer of gold, silver or platinum can be electrodeposited. 

No. 505,576. Patented Sept. 26,1893. 
Fig. 1: Elevation of the Glass Coated with Metal, Prior to Producing the Design. 

I 

Fig. 2: Elevation of the Glass Bearing the Completed Metal Pattern / Design. 

leposit 

lver Fi'' 

Fig. 3: A Cross Section of Fig. 1 Showing the Layers of Metal on the Glass. 

WITNESSES: INVENTOR. 

John. H. $ cJuýý; Z, z vg. 

BY ATTY. 

Once a conductive silver film had been precipitated on the glass, a secondary coating of gold, 
(or platinum) , 

followed by a third layer of silver was formed using the electrodeposition process. 
The article was polished and a design applied to the outer layer using a resist varnish before 

placing it in an acid bath, where the unprotected portions were dissolved to expose the middle 
layer of gold. The varnish was removed, to reveal the article bearing a raised design in silver, and 
exposing underlying areas of the glass/china. The raised metal surfaces were then be engraved 
(Fig. 2). In principle the inter-mediary gold coating prevented the inner silver layer which was 
protected by glass on the one side and gold on the other, from tarnishing. 
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Fig: 3/30: J. II. Scharling's Method of Depositing Layers 

of Metal on Glass (Sheet 2) 

Patented Sept. 26,1893. N No. 505,576. 
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Fig. 4: View of the Apparatus Employed in a New Method of Flowing a 
Decomposable Silver Film onto the Article. 

The tilting bowl (c) containing the solution (d) for coating the glass was positioned on a bench 
(c). The end of the suction pipe (e) was placed in the solution which was attached to a suction 
pump (E), from this extended a pipe (e) bearing a nozzle (e ). The nozzle was positioned above 
the bowl (c) using a clamp (n. In order to flow the solution the glass (a) was held beneath the 
nozzle and the pump was set in operation. As the liquid (of potash, nitrate of silver, ammonia 
and milk-sugar) flowed over the article it was rotated enabling the article to be coated with a 
very uniform film of silver which rendered it conductive. The process posed a low health risk to 
the operator and was very economical since the solution collected in the bowl was recycled. 

Fig. 5&6: Shows How the Glass Bottle or Bowl was Secured to the Apparatus. 
A cork (a) was inserted into the neck of the bottle (Fig. 5) which was screwed to a handle (a). 
Alternatively, as in the case of a finger bowl (Fig. 6) the work was secured using a cement). 
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electrodeposited to produce a composite structure of laminated metal films. 
A resist varnish was then painted onto the uppermost surface in an ornate 
design. This enabled any layers of silver or gold which were superfluous to 
the intended design to be selectively etched. The remaining metal was finally 
lavished and decorated with a rich vocabulary of engraved and chased 
patterns, which revealed the intervening layers of gold and silver, and 
contrasting areas of surface relief and colour. 

(1.1) The process at the height of its popularity. 
During this era the process was also exploited for the production of 
decorative glassware ranges. Although this has been acknowledged by 
several sources, evidence substantiating this claim has proved elusive. From 
archive material and correspondence with the Kuntsmuseum in Dusseldorf, 
it has become evident that the Latz glass factory based in Klostermühle, 
Southern Bavaria (which was purchased by Johann Utz (1778 -1848) and 
after his death continued production under the directorship of his wife - 
'Johann Lötz Witwe'), played a significant role in producing silver deposit 
glassware. This was primarily due to the dynamic influence of Max Ritter 
von Spaun (Johann Lötz's grandson) who took over the management of the 
company in 1879. Through his artistic talent and astute financial/business 
acumen the company was modernized, rapidly expanding its production 
capacity to gain international recognition and establish an enviable reputation 
in several techniques including silver overlay / electrodeposited glassware. 
In many instances, Lötz silver deposit glassware (Fig. 3/3 1) reflected the 
stylistic ambience of the Art Nouveau era, but latter pieces produced in the 
early part of the twentieth century were more in keeping with the transition 
towards the more formal, geometric designs (inspired by the work of 
Scottish architect - designer Charles Rennie Mackintosh and English 
designer Charles Robert Ashbee) and embraced the design ethos of the Art 
Deco period. 

In addition, Lötz also manufactured blanks - glassware which was 
purchased by small commercial enterprises for customization and 
ornamentation using the process. In particular, between 1890 - 1900 several 
Austro - German factories and designers were known to be actively 
pursuing the electrodeposition technique for decorating and embellishing 
glassware (Fig. 3/32). These included Adolf Zache in Gablonz, who 
enlisted the design skills of the painter Carl Lederle of Reichenberg to 
produce glassware bearing galvanized silver overlay which was almost 
identical to the Lotz designs. Carl Goldberg a self made entrepreneur, who 
set up a workshop in 1881, in Haida, Bohemia (present day Novy Bor, 
Czechoslovakia), also occasionally used silver deposit to create rich, 
sumptuous overlay designs on iridescent glassware during the early part of 
the twentieth century. 

This hive of activity was echoed by events in the U. S. A, where a small 
but rapidly expanding host of companies were avidly exploring the 
commercial viability of manufacturing silver deposit glassware. The most 
reputable of these included; The Alvin Manufacturing Co.; New York 
Silver; Gorham Manufacturing Co.; National Silver Deposit Ware Co.; The 
E. J. Bass Co.; Fishel, Nesser & Co.; and Scharling and Co. Inc. 
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Fig. 3/32 Unbekannt Böhmen. 
Vase, (c. 1900) 

Gourd shaped light blue vase incorporating a 
silver deposit stencilled foliage motif. The 

mouth is also in the same iredescent rainbow 
like colours. (4.3h. in - 11h. cm) 

(Source: GRUBER, S. H. R. (1976) Jugendstil Glas. 
Mainz: Mittelrheinisches Landesmuseum, p. 145) 
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Their products took the form of an exquisite plethora of domestic gift and 
stemware including pokals, champagne and claret flagons, cruet sets, bowls 

and plates as well as the more conventional boudoir sets comprising of 
atomizers, cologne bottles and posey vases. Silver deposit glassware also 
infiltrated into the realms of fashionable dress attire in the guise of 
decorative glass buttons, hatpins, jewellery appendages and handles for 

walking sticks. Reflecting the avant-garde style of the art nouveau period 
these carried a flowing, curvatious repertoire of floral patterns and 
asymmetrical design configurations; often bearing a single cartouche of plain 
silver for engraving a monogram, crest or personal inscription. Whilst the 
vast majority consisted of plain/clear crystal other pieces adopted a more 
experimental approach with the silver deposit being set off against cobalt 
blue, emerald or ruby coloured glasses. The application of a precious metal 
deposit enhanced the products perceived value, which together with the high 
level of skill and craftsmanship required, stifled the industrial mass 
production and commercial exploitation of the technique. Even at the height 
of its popularity, silver deposit glassware was restricted to the more 
exclusive end of the retail market. 

2: The contemporary revival of the process 
After the fervent display of interest at the turn of the century, enthusiasm for 
exploiting the decorative process of electrodepositing glass appeared to 
subside. The approach of the First World War marked a watershed which 
saw the art form fall into decline and disrepute, and pre-empted a period of 
dormancy which was to last for almost 50 years. This was in stark contrast 
to the closely allied technique of electroforming which became the subject of 
renewed commercial interest. 

The pioneering work of the 1960's, which initiated a resurgence of 
interest in the process, can be largely attributed to Marvin Liposky. This 
american artist conducted research and practical experimentation into the 
technique of electrodepositing copper on to glass. He was an inspiration and 
a catalyst in encouraging glass artists and designers to harness and exploit 
the process with renewed creativity and aesthetic sensitivity. 

Under his dynamic influence the process gained a new lease of life, 
which enabled it to permeate into the technical and creative vocabulary of an 
ever-increasing number of artists/craftsmen practitioners. Consequently 
today, the technique enjoys unprecedented patronage and popularity. 

Contemporary glass artists of the 1990s, who are considered to be at 
the forefront of the electrodeposition process include Michael Glancy, John 
Anderson and Anna Dickinson. (Catherine Hough is referred to in Section 
11 of the Appendix). The working techniques, creative practices and 
personal artefacts generated by these artists, and of several less widely 
renowned craftsmen, is discussed in the following resume, and illustrated 
in the gallery (Section 13 of the Appendix) which follows. 

This will aim to highlight the current trends in electrodepositing metals 
onto glass and illustrate some of the decorative possibilities and creative 
modes of expression which are capable of being evolved by newly initiated 
A/C wishing to explore the process. 
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Michael Glancy 
In America, inspired by the opportunities of Rhode Island School of Art and 
Design (where he resided as a student between 1974 and 1980) Michael 
Glancy embarked upon a journey of discovery into the art form of 
electrodepositing metals onto glass. His avid enthusiasm and dedication led 

to the revival of a relatively dormant electroplating facility, initiating a new 
precedence in the technique, which was later endorsed by his return as a 
senior lecturer. This position enabled him to promote the art form and 
demystifying the technicalities of the process to future generations of glass 
students. Glancys role as a professional educator has been distinguished 
over the last decade by his teaching activities at Pilchuck (a glass summer 
school). During the formative years of his experimentation and research into 

electrodepositing metals on to glass Glancy gained inspiration and technical 
assistance from links with local industry. Advice sought from numerous 
plating shops and supply outlets proved to be a key factor in expanding and 
developing his technical vocabulary and practical understanding of the 
process. Fundamentally, it was this early collaboration which captivated his 
fertile imagination, electrifying a fervent and all-consuming passion in the 
creative exploitation of electrodepositing metals onto glass. 

In the first instance, Michael Glancy uses finely tuned and proficient 
glassblowing skills to produce heavy walled, cased glass vessels, but this is 

only a means to an end. Fundamentally, it is the procedure of 
electrodepositing metal onto the glass, and the preliminary cold processes of 
selectively sculpting, forming, and decorating the blown forms which are 
the main focus for his attention. Inspired by the techniques of Maurice 
Marinot, Glancy originally exploited hydrofluoric etchants and rubber 
stencils to carve an intricate vocabulary of geometric designs into the surface 
of the glass. It was only later, that he discovered sandblasting techniques 
(Fig. 3/33) which offered superior control and a greater freedom of creative 
expression. The sandblasting procedure performs a decorative role but is 
also vitally important in abrading and roughening the surface of the glass. 
After cleansing, a metallizing medium in the form of a silver electrodag paint 
is sprayed onto the sculpted surface of the artefact as a precursory stage to 
the plating process. This allows Glancy to encapsulate the glass in a jacket 
of electrodeposited copper (or occasionally silver), which is adherently 
locked into position by the all-encompassing and continuous nature of its 
matrix like configuration. On removing the artefact from the electroplating 
solution, the resisted areas are removed to reveal windows which magnify 
and distort the underlying surface of the glass. Glancy discovered that by 
juxtaposing the polished glass lenses against the qualities of the 
electrodeposited metal it was possible to produce a dazzling jewel-like 
quality. In tandem with the exacting geometry and disciplined order of his 
designs, this constituted a dynamic and extravagant effect. The copper is 
electrodeposited at a low current density and in a very pure, dull condition to 
provide a suitable surface for subsequent patinating scenarios. Colouring 
techniques are characteristically used in conjunction with the 
electrodeposition process to elicit an inherently intriguing range of 
complementary effects. 
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Creatively, Michael Glancy is fascinated by one all consuming 
intellectual concept, of deriving `order out of chaos'. More specifically, he 
is interested in carrying out scientific observations and uses microscopic 
instruments to reveal the hidden ordered structures, rhythmical patterns, and 
mathematically geometric designs in complex natural forms. This source of 
inspiration feeds his fertile imagination and enables him to conceptualise a 
rich tapestry of subjective images and designs. These are translated and 
projected as a visual style in his glass artefacts. Glancy's work (Figs. 3/34 
to 3/41) typically comprises of unique one-off sculptures and artefacts 
which frequently take the guise of vessel forms. These are supported upon 
plinths of sheet glass, which serve to define the space within which the 
object is held. The marriage between the contrasting vertical and horizontal 
planes is pronounced, and provides an arena for the exploration of surface 
pattern and texture. This striking feature is a hallmark, which in conjunction 
with the electrodeposition process has become synonymous with Michael 
Glancy's creative endeavours. 

John Anderson 
John Anderson is a successful glass artist who specialises in 

electrodepositing metals onto glass. Formerly educated at Farnham College 
in Surrey, he now resides in Hampshire where he runs a small glassmaking 
studio. He operates within a broad market context, responding to 
commissions for unique, one-off artefacts, particularly furniture for interior 
design projects and sculptures, as well as producing commercially driven 
studio ranges of wine glasses, vessels and candlesticks. 

Initially, he produces simple hand blown forms. With the exception of 
sandblasting, these are chaste of decoration, which is cultivated entirely 
through the electrodeposition process which follows. During the preparation 
of the artefacts, a copious quantity of wire is integrated into the surface. 
This is twisted, distorted and woven in a sinuous meandering course around 
the glass to promote deposition and induce a particular aesthetic effect. 
Using an experimental range of plating solutions, and a crude but reliable 
facility, he exploits the process with great resolve and ingenuity. Whilst his 
approach is unorthodox and ad hoc, it is refreshingly spontaneous. The 
deposits emerge as dense, callous like growths of metal, granular and 
nodular encrustation's (Figs. 3/42 to 3/44) which form in swathing patterns 
around the surface of the glass and harbour an embellishment of gems. 
Post-plating procedures transform the work still further. In particular, 
patinating procedures are employed to capture an air of intrigue and 
mysticism, and enshrine the artefacts with a quality which is reminiscent of 
antiquity and archaeological finds of a bygone era. 

Anna Dickinson 
As a contemporary glass artist, Anna Dickinson has received many 
accolades in recognition of her achievements. She now stands at the 
forefront of the process in Britain. An avid practitioner, she exploits the 
electrodeposition process to transmute the collars and rims of her glass 
vessels and plates with gold, silver, and copper, which are infused with an 
exquisite plethora of colour, texture, and pattern. Her fascination with the 



Burdett, G. 1998 

.ý 

V, 

75 
u 
0 

.., 

M 
M 

bý 
W 

Chapter 3- Historical and Contemporary Uses [3] 89 

0 
b 

w ý, o 
bÖ 

Oý 
ý3 

rVt 

ßäQ 
V. ý 

äö ý 
öN 

'Ö"Üý 

coý 

ao 
3 
O 

( v, n "w ifsauno-)) 



Burdett, G. 1998 Chapter 3- Historical and Contemporary Uses [3] 90 

Fig. 3/35 Michael Glancy. Pascalian Ambit, (1984) 

Blown glass, industrial plate glass and electrodeposited copper 
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Fig. 3/37 Michael Glancy. Sterling Sentinel - Detail 
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Fig. 3/42 John Anderson. Footed Bowl 
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Fig. 3/43 John Anderson. Candlesticks 
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Glass and copper wire, electrodeposited, patinated and gilded 
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Fig. 3/44 John Anderson. Bowl 

IS 
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Sandblasted, electrodeposited copper, patinated and gilded 
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electroplating process first emerged whilst studying for a metalwork degree 

at Middlesex Polytechnic. However, it was a work experience period with 
Peter Layton and an M. A. at the Royal College of Art which proved to be 
the turning point, and main catalyst for establishing her all consuming 
passion and enthusiasm for the process of electrodepositing metals onto 
glass. 

Anna Dickinson's work is inspired by her creative interests and 
sensibilities. These reflect a fascination with tribal and ritual art. Her 
artefacts capture the spirit of ethnic artefacts: sacred regalia, jewellery, and 
ancient architecture, and are reminiscent of forgotten civilisations. 

Under personal direction and guidance, the initial blown forms are 
created by Neil Wilkin. Even at this early stage they indigenously portray an 
ethnic influence. The dark brown walls of her African `Dinka' series echo 
the quality of carved wooden vessels. This is in contrast to the delicate pale 
blue aura of artefacts inspired by Aegean cultures. Lead glass is used in 

preference to soda glass because it is softer and more easily manipulated. On 
annealing the glass vessels are incised with ornate designs. Cutting, 
grinding and sandblasting techniques are used to embellish the surface with 
a coherent array of spirals, undulating ridges, whorls, and tribal patterns. In 
this manner the highly reflective, cold and hard polished surface, which she 
believes detracts from the quality of the glass, can be eradicated in favour of 
creating a softer and warmer satin or matte surface sheen. The textured 
surface is cleansed and finished through etching. This engenders a good 
surface key which is essential to maximise adhesion between the 
electrodeposited metal and the glass. 

One of the metallizing techniques Dickinson employs relies upon the 
use of an acid-resistant lacquer, which is applied to the surface of the glass 
and allowed to dry. This is lightly abraded prior to being treated with a 
damp sealer. The tacky surface film produced enables a fine dispersion of 
powdered brass to be generously daubed on to the surface to instil 

conductivity. On exposure to the acid copper sulphate electroplating solution 
(150 litre - 33 gallon tank), the treated areas receive a generous build-up of 
strongly adherent metal (Fig. 3/45). This is then filed (Fig. 3/46), etched, 
and engraved, to create a rich embellishment of intaglio designs and relief 
patterns. Alternatively, by applying a masking fluid to the rims and 
scratching back into the resisted surface, the underlying copper can be 
selectively exposed to produce electrodeposited designs which stand proud 
of the base metal. Embossed materials and precious stones can be 
encapsulated as decorative inclusions within the electrodeposited metal to 
create a seductive range of textural and tactile surface qualities. 

Finishing the piece involves mechanically polishing the electrodeposited 
metal, prior to treating the surfaces with a coloured patina, a precious metal 
leaf or gilding process. 

A variety of creative effects can be achieved. Once protected with a 
lacquer or wax film, these are preserved for future posterity. The artefacts 
produced (Figs. 3/47 to 3/50), inherit a subtlety and classical richness which 
is evocative of their ethnic and ritual origins. 
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Fig. 3/45 Anna Dickinson. Extracting Work from 
the Electroplating Solution. 
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Fig. 3/46 Anna Dickinson at Work. Filing and 
Burnishing the Surface of the Metal 
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Fig. 3/48 Anna Dickinson. Vessel Form 

4. 

Clear glass, handblown, sandblasted and etched. 
Electrodeposited rim, patinated brown. 
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Fig. 3/49 Anna Dickinson. Plate (Private 
Commission) Green and Black Rim, 

(1988) 
- 

jr 

patinated and oxidised. (19.20. in - 480. cm) 

Glass etched, cut and sandblasted, electrodeposited rim, 
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Fig. 3/50 Anna Dickinson. Bowl, (1985) 

blue. (8.80. in ~ 220. cm) 

Clear, cut and etched, electroformed copper rim, patinated 
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Anna Dickinson's work features in exhibitions and commissions world- 
wide. It boasts a reputation for selling at the more exclusive and expensive 
end of the retail market, fetching up to £3,000 per artefact. 

3: The commercial exploitation of the process 
In addition to artefacts generated through the creative practice of individual 

artists or craftsmen (discussed above), there has also been a contemporary 
revival in the commercial exploitation of the process of electrodepositing 
metals onto glass in Britain. This has diversified at two distinct levels, 
emerging firstly through the entrepreneurial activities of A/C in the guise of 
the small-scale studio ranges, and secondly, being harnessed by large-scale 
industrial manufacturers for the commercial production of glassware ranges. 
These developments are analysed in the following discussion. 

Small scale studios 
Prominent exponents of the small-scale studio scenario include `Jenny Blair 
Designs' (Fig. 3/51) and `Sileda Glass' Ltd (Fig. 3/52). In these 
enterprises, the technique of electrodepositing glass has been exploited to 
develop decorative giftware ranges. Products include scent bottles, boudoir 
sets, and vases which are aimed at the lower end of the retail market. In both 
instances mass produced or studio ranges of glassware are purchased from 
an external supplier, and customised with an adorning pattern of 
electrodeposited silver or gold. The decoration typically takes the form of 
contemporary, abstract, or floral design configurations. 

The jewellery shops and craft enterprises which display the work for 
retail purposes play a significant role in underpinning the market context 
within which the products are designed to be seen; more as semi-precious 
jewellery than decorative glassware. For prospective clients this increases 
the products perceived value. These studio ranges have found a particularly 
successful niche within the export market. 

Large commercial enterprises 
Dartington Crystal was established in 1967, and is a relative new additiorrto 
the British crystal industry. The company has rapidly gained a reputation as 
the country's leading designer/manufacturer of clear crystal. In 1990, a 
completely new concept was introduced to Dartingtons product range when 
the decision was taken to invest in facilities for electrodepositing metals onto 
glass. This was part of a broader strategy to move the company's design 
profile up-market. The original concept was developed into a new product 
range which was made viable through technical collaboration with Degussa. 
By successfully extending the company's design ethos and attracting a more 
discerning class of clientele, this range of electrodeposited glassware 
launched the company into the more exclusive, and lucrative end of the retail 
market. 

The concept came to fruition in the form of the ̀ Argenta' range (Figs. 
3/53 to 3/55). For promotional purposes the new product was accompanied 
by a series of prototype glass artefacts bearing electrodeposited copper rims. 
These were impregnated with a plethora of richly embellished patinas. 
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The `Argenta' range is complementary in design to the clear, classical 
feel of Dartingtons existing product range. The glassware features a simple, 
refined collar of electrodeposited silver which is applied as a banding to the 

rims of decanters, vessels and candlesticks. This stylisation endows the 
glassware with the social etiquette, richness, and elegance, to grace any 
occasion. By exploiting the potential virtues of the process, the company 
found an effective market niche for electrodeposited glassware. 
Unfortunately, the untimely launch of the product, at a time of persistent 
commercial pressure and deep financial recession in the late 1980s and early 
1990s, appears temporarily, to have forestalled any further developments in 
the creative exploitation of the process, at least for the foreseeable future. 

4: Current and future explorations into the creative potential of the 
electrodeposition process 
The artistic license of the electrodeposition process has led to a widespread 
resurgence in its creative exploitation. Complex and sophisticated artefacts 
which are not capable of fabrication using traditional metalworking 
techniques can now be formed using the process, often using a wide range 
of metals, (as referred to in Section 12 of the Appendix). The technique can 
also be used to coalesce the components of an artefact as a single structure, 
thereby facilitating the synthesis of decorative and sculptural forms. 

The illustrations exhibited in `The Gallery' which follows (Section 13 
of the Appendix) are not all directly related to the process of 
electrodepositing metals onto glass. These have been included because they 
illustrate the work of contemporary artists and demonstrate the potential for 
using the electroforming/deposition process within a broader, creative 
context. Today, A/C working in a variety of materials have capitalised upon 
the process to generate an infinite array of creative artefacts. In pursuing this 
goal, they have drawn upon the possibilities of the electroplating process 
and used them in conjunction with disciplines relating to their own specialist 
subject areas. Furthermore, by embracing the technical knowledge of 
commerce and industry they have been able to extend the creative potential 
of the process in an innovative, challenging, and dynamic way. The most 
prominent of these contemporary artists include Stanley Lechtzin, Lee 
Barnes Peck, Cecil Herring, June Schwarz, and Floria Dankia. It is hoped 
that by highlighting some of the possibilities of using the process and 
generating a sense of enthusiasm, innovation, and excitement, that this 
technique will be regarded as a source of inspiration for future generations 
of A/C. 
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Chapter 4 

Preliminary Note 

Before proceeding it might be helpful to clearly map out the framework of 
information contained within the following chapters and bridge the gap 
between the historical and practical sections of the thesis. Furthermore, 
this has been organised to reflect a gradual focusing and honing in of the 
information from the very general to the more specific. 

Chapter 4 has been written from an empirical and practical point of 
view to provide information which will directly facilitate and promote the 
practical application and exploitation of the process by the A/C. In order to 
fulfil this objective it presents information on the following subject areas; 
Setting up and maintaining an electroplating facility (4A); Background 
knowledge on the properties and applications of electroplating metals 
(4B); Electroplating solutions - this discusses their chemical composition, 
operating parameters, fundamental criteria in determining their suitability 
to the electrodeposition of metals onto glass and recommended routes for 

exploiting the process (4C). The basic theoretical principles and practices 
of the electroplating process (4D); and cathode design considerations 
aimed at alleviating problems and highlighting strategies for maximising 
the success of the electrodeposition process (4E). Fundamentally, it should 
be emphasised that all of the information presented has been geared 
specifically and exclusively to using the process within the financial, 
practical, and technical limitations of a studio based environment. 

Chapter 5 provides a backdrop which explores the electrodeposition of 
non-conductive substrates within a broad context. This overview of 
historical and contemporary practices is intended to provide a valuable 
resource of information, a vehicle for the cross-fertilisation of ideas and a 
springboard for inspiring innovative creative practice. Chapter 6 becomes 
gradually more focused and relates specifically and exclusively to 
electrodepositing metals onto glass. This guides the practitioner through 
the various stages of the process: Preparing (cleansing and roughening) the 
glass (6A); Metallizing the glass (6B); Initiating, recording and resolving 
any potential plating problems (6C); and promoting good adhesion (6D). 
The penultimate section - Chapter 7, presents a catalogue or series of 
methods for exploiting the aesthetic and decorative potential of the 
process, and identifies techniques which can be harnessed and used for 
personal interpretation and creative expression by the A/C. The potential 
for the studio based practice to transcend the needs of the A/C and become 
a driving force for commercial enterprise is explored in Chapter 8. 

This research has been culled, sieved and analysed from a wide range 
of sources. Conventional literature searches have been complemented by a 
substantial volume of knowledge obtained from primary sources, 
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especially patent specifications and from the direct collation of working 
practices and procedures of contemporary A/C practitioners and industrial 
areas of expertise. These have been tested through practical and empirical 
experimentation to identify versions of the process appropriate to 
exploitation by the A/C. This research follows no established precedence. 
The information compiled is unique and has never before, been put 
together or presented in this format. Since much of this research has been 
based around studio application, working practices and empirical 
experimentation, no specific references are cited within the main text. 
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Chapter 4A 

Electroplating Equipment 

Introduction 

Contemporary electroplating equipment has evolved out of a well 
established foundation of research, a co-ordinated response designed to 
meet the requirements of industry and reflect the technical advancements 
made in chemical, electrical and mechanical engineering. The equipment is 

now fairly standardised, but nevertheless capable of undergoing an infinite 
number of permutations to fit the working parameters and type of job 
specification likely to be undertaken. 

Several important considerations come into play when selecting an 
electroplating facility appropriate to exploitation by the A/C operating 
within the remits of a studio environment. Creativity (which leads the 
practitioner to the synthesis of a design concept) is not purely generated in 

response to visual stimulation, but frequently evolves out of the excitement 
of manipulating a technique / process. The A/C therefore requires an 
electroplating facility which can be used with ingenuity and flexibility, 
where the playful experimentation and research which identify the 
working parameters and limitations of the process can be repeatedly 
explored and challenged. This criterion presents a dilemma or conflict of 
interests, since these motivations are of little relevance within the context 
of industrial electroplating where prescribed operating conditions are 
rigorously upheld in order to achieve precise and predetermined results. 
Here, scientific investigation centres almost exclusively around controlling 
the properties and micro-structure (e. g. the porosity, density or hardness) 
of a deposit, rather than upon exploiting the idiosyncrasies and anomalies 
of the process to generate a rich variety of decorative effects. 
Paradoxically, the A/C will frequently harness for creative exploitation 
those characteristics of the process which are regarded as flaws or 
imperfections by commercial establishments. This discrepancy is a point 
of contention which may cause communication difficulties and frustration 
when seeking advice from professional electroplaters. 

Regardless of its set up, to be operational the electroplating facility 
must comprise of four basic parts. These may be summarised as follows: 
(i) The electroplating tank. (including any auxiliary equipment) 
(ii) The electroplating solution. 
(iii) The electrodes, comprising of: 

The Anodes: The positively charged electrodes which 
normally provide the source of metal to be 
deposited. 

The Cathodes: The negatively charged electrode(s) / the work 
piece which receives the deposited metal. 
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(iv) An external source of electricity: A means of applying a voltage and 
controlling the current. 

A manually operated, small laboratory sized electroplating facility 

should be adequate for the A/C. However, the final selection should be 

made in accordance with a number of previously established criteria. This 

will ensure that the equipment fits the specific needs and resources of the 
individual practitioner. Important considerations will include available 
space, financial expenditure (capital and on - going costs), convenience 
and the intended mode of application. Naturally this will bear reference to 
the volume (i. e. production or one - off) and size of the work to be 

electroplated. Furthermore, where electroplating procedures rely upon the 
use of hazardous substances, health and safety implications will also be a 
primary consideration. 

The equipment used for electroplating varies from the elementary 
through to the highly sophisticated, providing the A/C with the latitude to 
realise a broad range of possibilities and approaches. Commitment will be 
a decisive factor in determining which type of facility is most appropriate 
to the individual practitioners needs. Whilst a very simple, crude facility 
can be set up with relative ease and financial expedience, it will only 
suffice for basic experimentation and the practitioner with any serious 
interest in pursuing the process will soon aspire to a more professional 
electroplating facility which exhibits features for controlling and 
manipulating the process. This will yield a rich diversity of repeatable and 
predictable results. It is highly recommended that the A/C views the 
acquisition as a long-term investment and purchases a comprehensive and 
reliable electroplating facility. 

The following chapter will aim to introduce the A/C to the equipment 
required to set up a good electroplating facility. This will discuss the 
purpose and mode of function of each component, where appropriate 
detailing installation and maintenance procedures. It is hoped that this will 
provide the practical guidelines and advice necessary to establish an 
efficient and reliable installation, which is capable of long-term 
exploitation by the A/C wishing to pursue this exciting and innovating 
process. 

The Electroplating Tank 

Electroplating solutions can be contained within numerous types of tanks. 
These vary in scale and size according to the nature and quantity of work to 
be processed. The layout of a typical electroplating tank and 
ancillary/auxiliary equipment are shown in Figs. 4/1 and 4/2 
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Fig. 4/1. A Typical Electroplating Tank (Cross Section) 

Size: 
Where financially viable it is advisable to purchase as large a tank as 
possible, as small tanks only limit the size of objects capable of 
undergoing electrodeposition. For initial experimentation, a tank with a 
solution capacity of 80 litres (17.6 gallons) is recommended for use -A 
tank measuring approximately 18" square (116 cm2) will hold this volume 
of solution. However, relatively small plating baths are also particularly 
useful as a learning aid because they are notoriously difficult to control 
and have a tendency to be chemically unstable, being more susceptible to 
rapid changes in pH, temperature and solution contamination. Invariably, 
this provides the inexperienced operator with the opportunity to 
understand how solutions fluctuate and to learn techniques and control 
mechanisms for counteracting such effects, far more rapidly than would 
otherwise be feasible using larger facilities. Table 4/1 recommends 
suitable tank sizes for installation by the A/C working in a studio 
environment: 

Table 4/1. Recommended Tank Sizes 

Small test/experiments 
For small scale individual pieces 
For small scale production work or average 
size pieces 
For larger pieces or volume production 

10 litres (2.2 gallons) 
25 litres (5.5 gallons) 

60 litres (13.2 gallons) 
100 litres (or upwards) 
(22 gallons) 
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electroplating tank 

Fig. 4/2 A Typical Electroplating Facility 
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Construction: 
Electroplating tanks are constructed from a wide range of materials all of 
which have their relative advantages and disadvantages. For acid copper 
plating solutions steel lined tanks are the most practical and popular. It is 

essential that these are insulated with a high grade synthetic plastic or 
rubber for example "Vulcan" or "Ilex", as acidic solutions attack and 
corrode steel which is detrimental to both the tank and the electroplating 
solution. 

Alternatively, tanks may be fabricated from PVC or polypropylene 
(rigid grade plastics). These give excellent mechanical strength and 
chemical resistance and are well suited to a broad range of processes 
including nickel and silver plating solutions. 

For further information on suitable tank and tank linings reference 
should be made to Table 4/2. 

Preparing the tank. 
Prior to use new rubber lined tanks and those fabricated from 
polypropylene, polyethylene or PVC, must be treated to leach out 
chemical contamination from the manufacturing process and to instil 
properties of superior resistance. (Any auxiliary equipment of a rubber or 
plastic nature including pipes, hoses and chroffles etc. should be cleaned in 
a similar manner). As indicated below the leaching procedure will vary 
depending upon the chemical nature of the intended electroplating 
solution. 

Before conducting these procedures it is essential to refer to health 
and safety guidelines and ensure that protective clothing (including 
goggles and gloves) is worn. 

Procedure No: 1 
This procedure employs a weak alkali solution and is recommended for 
treating the above tanks in preparation for receiving cyanide based 
electroplating solutions. 

Method: 
Fill the tank to 3/4 of its capacity with clean cold water. Stirring 
constantly, slowly add 25 - 40g/l (4 - 6.4 oz / gal) of sodium hydroxide 
(caustic soda) and dissolve thoroughly before making any necessary 
additions of water to bring the solution up to its full working capacity. 
Heat the solution to 60°C (140°F) and maintain at temperature for at least 
8 hours. (Throughout this duration use the filter pump and unit to circulate 
the solution around the tank). Finally, dispose of the solution (Neutralize 
the effluent using acid and irrigate with copious quantities of water, prior 
to discarding the waste down the drain) and thoroughly rinse the tank in 
clean water. Lightly scour the tank lining with a fibre brush and re-rinse 
prior to use. 



Burdett, G. 1998 Chapter 4- Principles and Practice [4A] 120 

N 

Q 

.Su c 

ub 
VýÜ 

A 
fir: I' 

CL. AE 
C äý a 
ov 

N a°.. 2 

A 10 
m c 

.-v 00 ä >; 

o °a 
0.0 v 
2 ew. 

u=C W 

y 

eý . cý c 

Y 
C 
t0 

C 
l0 
Hl 

C 
t0 

of 

t0 

i i$ Ii En 

H 
N 
uZ 

e_u 
, 

,m^ ^ 

v1 

V) 

I. u U 

v_ 

C "p ZC 
"ý U r0 

U, 

a 

vA III ci vn 

rn I cn vn vn rA 

En to) En En en 

Cd LLB w t/2 cn vn 

Ln cn (4 rn Cd 94 

vA 1 cn cn vn to 

CA Gn cn ZA Ln 1 

c4 u2 c4 cz Gn i 

191111 

N 0 
,0 

;v s 
Q Ü Q äý Ü Ü 

Ir 
_ 

O 9 O 
U z 'vi C7 

U 
.a cd O 

"-4 o 
ö 

10 
O 

u 
U y 

r_ 
Ü 

0 

C " V y 

.p c`) 

U U U 

;b 25 es p ., 0 

O O p O 
0 1 

:b : tj "C + u 4- 4ý p 
- 

r CA 0 

4.4 V1 
Cl) 
id 

u C. ) 

. 
Z '- 'v 



Burdett, G. 1998 Chapter 4- Principles and Practice [4A] 121 

Procedure No: 2 
This procedure employs a weak acid solution and is recommended for 

treating the above tanks in preparation for receiving either an (acid) copper 
or dull nickel plating solution. 

Method: 
Fill the tank to 3/4 of its capacity with cold clean water. Avoiding any 
direct contact between the concentrated acid and delicate lining of the 
tank, carefully add 5- 10 ml / 1(1- 2 oz / gal) of sulphuric acid and mix 
thoroughly. (Remember when mixing chemicals always add acid to water 
and never vice - versa). Heat the solution to 60°C (140°F) and maintain at 
temperature for at least 8 hours. (Throughout this duration use the filter 

pump and unit to circulate the solution around the tank). Finally, dispose 
of the solution and thoroughly rinse the tank in clean water. 
N. B.: This treatment is ideal where stainless steel components form an 

integral part of the filtration system. However, where the system is 
completely formed of plastic or rubber components hydrochloric 
acid in a ratio of 50 ml / 1(8 fl oz / gal) should be used in place of 
sulphuric acid. 

The equipment is now ready for use. The plating tank should be positioned 
in a dust free atmosphere where possible contact with oil or grease will be 
avoided. Further protection from air borne contamination can be afforded 
by using an external cover or transparent polycarbonate lid. This will 
reducing the amount of water lost through evaporation, save on heating 
costs and help to maintain the solution in a more stable condition. 

Tank Connections 

The busbars consists of fixed rods which are positioned horizontally across 
the supporting rim of the tank. These provide suspension points for the 
anodes and cathodes. The tank rods (which typically consist of solid 
copper rods) must be of a sufficient strength and rigidity to support the 
weight of the work piece and be of a suitable diameter to carry the 
anticipated amperage / electrical current. The two peripheral busbars 
which support the anodes are positively charged, as opposed to the 
centrally positioned cathode busbar which is negatively charged. The 
cathode rod may be furnished with small vertical pegs set out at regular 
intervals along its length. These provide suitable attachment points for the 
connection of electrode wires which are used to support the work piece 
during the electroplating process. 

The busbars must be separated and insulated from direct contact with 
the tank. This is essential to prevent them becoming an integral part of the 
electrical circuit which would result in a loss of current, deposition failure 
and busbar corrosion. Busbars are therefore securely fastened in an 
elevated position to the flanges of the tank using intervening blocks (Fig. 
4/3). These can be fabricated from various inexpensive and 
electrochemically inert materials, in particular hard rubber, plastic or 
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Fig. 4/4 The Tank Connections 
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polyethylene offer suitable insulation and resistance. However, in the short 
term more expedient substitutes such as wood coated in shellac, wax, 
asphaltum (to prevent solution impregnation and disintegration) or fragile 
porcelain blocks can be used until more a permanent material can be 
found. 

The busbars convey the electrical current between the rectifier and the 
electroplating solution (Fig. 4/4). Therefore, regularly scheduled 
maintenance is essential to ensure that all electrical connections are secure 
and in a good condition. Occasionally smearing the contacts with a light 
film of petroleum jelly (avoiding any possible contamination of the plating 
solution) will afford them protection from the highly corrosive 
environment. It is also advisable to cleanse the busbars to reduce electrical 
resistance. This can be carried out, by simply rubbing down the areas 
which will be in direct contact with the anode hooks with a small swatch 
of moist abrasive "wet and dry" paper. (Care must be taken to ensure that 
any debris and / or rubbings are not accidentally released into the plating 
solution. ) This will eliminate surface oxidation on the busbars and produce 
a bright, metallic and highly conductive contact surface, which will allow 
deposition to occur more easily. 

Filtration of Solutions 

During the electrodeposition process, solution contamination cumulatively 
arises from anode dissolution, airborne dust particles, organic / inorganic 
impurities and drag-in (with the introduction and removal of work from 
the solution). Where agitation or high current densities are employed these 
impurities (depending upon their nature) remain suspended in solution and 
are prevented from settling out on the bottom of the tank. Filtration is 
therefore essential to prevent this debris from becoming incorporated into 
the growth of the deposit at the cathode surface, where it would create 
rough, nodular or burnt deposits. The filtration system purifies the 
electroplating solution and increases the efficiency of the process. It also 
promotes the formation of high quality, fine grained and uniform deposits 
of metal. 

Even in the most rudimentary electroplating facility the filtration 
system constitutes an important and worthwhile investment. Numerous 
cost efficient models are available. These are designed to circulate 
predetermined volumes of solution. Fundamentally, the filtration system 
selected must have the right capacity to deal with the type, size and 
quantity of contamination likely to be encountered. This will vary 
depending upon the chemical constitution of the electroplating solution 
being used. Acid copper sulphate solutions contain gritty solids which can 
be eradicated with ease, whereas alkaline electroplating solutions, 
including those based on cyanide, contain insoluble impurities which are 
difficult to filter and therefore require a finer filter medium and much 
higher speed of filtration. 

The continuous filtration of electroplating solutions during non- 
operational periods is recommended for optimum efficiency. Ideally the 
filter system should have a flow / turnover rate of two to three times per 
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hour. From this it is possible to calculate that a tank with a volume of 180 
litres (40 gallons) will require a 450 litre (100 gallon) per hour filter, to be 
capable of recycling the solution two and a half times an hour. Increased 
rates of flow will give greatly improved / superior results. A system 
capable of recycling the solution four to five times per hour will be 97% 
efficient in eliminating filterable contamination. 

Equipment: 
The above practical considerations, in conjunction with financial 
expedience will prove decisive in assisting the A/C in selecting an 
appropriate filtration system. In particular the small "Labmaster" filtration 
systems (Fig. 4/5) manufactured by "Serfico" are recommended for use in 
acid copper sulphate solutions. These are compact, convenient and based 
on the single cartridge mechanism, which consists of a central core around 
which successive layers of twisted yam have been bound in a diamond 
configuration (Fig. 4/6). This is the filter medium, through which the 
electroplating solution will permeate trapping solid matter. Larger particles 
will become ensnared on the outer layers whilst smaller impurities will be 
trapped by the closer knit weave of the inner cartridge. For further 
information on filter mediums (appropriate to other electroplating 
solutions) reference should be made to Chapter 4C. In addition to the 
cartridge the filtration system comprises of a filter chamber, motor driven 
pump and various connecting valves and pipes which are designed to 
recycle and transfer the solution. 

During filtration the solution is sucked up from the bottom depths of 
the tank and passed along the inlet pipe to filter chamber. After permeating 
through the wound cartridge / filter medium it is returned in a purified 
state though the outlet pipe which is situated near to the uppermost level of 
the solution. To ensure proper circulation the inlet and outlet pipes should 
be positioned at opposite ends of the tank. These must not be placed in 
close proximity to the anodes where they will invoke sludge formation. 
(This is referred to in greater detail latter in the text). Care should also be 
taken to avoid positioning the intake pipe in a location where it will pick 
up air from the agitation system. 

Maintenance: 
The filter cartridge will need to be changed every few months to maintain 
optimum efficiency. This will be indicated by a reduction in the flow of 
solution from the outlet pipe. On extraction the old cartridge (which 
should be disposed of), will be seen to be heavily encrusted with foreign 
particles. Fresh, replacement cartridges will require pre-treatment before 
installation (e. g. for acid copper plating solutions, cartridges must be 
soaked in hot water for six to seven hours to leech out any chemicals). It is 
also advisable to regularly check the gauze attachment on the inlet pipe of 
the filter unit, as this tends to become clogged with dust, reducing the 
intake capacity, flow and efficiency of the filter. 

Occasionally contamination will arise from soluble organic / inorganic 
compounds, usually by-products of the natural destabilisation / breakdown 
of certain chemicals in the solution (e. g. brighteners). These cannot be 
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Fig. 4/6 A Filter Cartridge 

Fig. 4/5 A "Labmaster" Filtration System 
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extracted from the solution using conventional filtration procedures and 
must therefore be removed by absorbing the solution over a filter medium 
of "activated carbon". In acid copper sulphate baths, this treatment should 
be used approximately once a year to completely overhaul the solution. 
However, it is essential to remember that carbon filtration is a non- 
selective process which will inadvertently remove all organic additives 
from the plating solution. Therefore, after treatment fresh additions of 
"brightening agents" must be made to return the solution to a good 
operating condition. 

Mechanisms For Agitating Solutions 

Agitating the solution during the electrodeposition process improves the 
operating parameters of the solution and promotes successful deposition. It 
fulfils several functions, namely: 

(i) Circulating and maintaining a uniform composition throughout the 
solution. This prevents local variations occurring in the concentration 
of the solution, known as "stratification". 

(ii) During electrodeposition metal is deposited onto the cathode (work 
piece) from the surrounding solution at a faster rate than it can be 
replaced, producing a depleted concentration of available metal ions at 
the cathode surface. Agitation is essential to counteract this effect and 
replenish the solution. By promoting solution circulation, a donation of 
fresh metal ions is rapidly and consistently delivered to the cathode 
surface. This facilitates the use of higher current densities (which 
governs the speed at which metal is deposited). 

(iii) Dislodging any dissolved particles, contamination or evolved hydrogen 
bubbles from the cathode surface, thus preventing them from 
becoming incorporated into the deposit. 

Agitation is highly recommended for use in the vast majority of 
electroplating solutions. It is available in two main forms; "Air agitation" 
is of primary importance, but in many instances this is supplemented by 
"mechanical agitation". 

Air agitation: 
Involves the forceful delivery of a low pressure, high velocity air supply to 
the solution, through a perforated pipe which is situated and weighted at 
the bottom of the tank. The system is simple to install, practical and highly 
effective. The outlet pipe should be positioned directly beneath the 
cathode, (Fig. 4/1), so that as the expelled air rises it increases the 
circulation of the solution around the workpiece. However, it is important 
to avoid direct agitation around the anode, as this will exacerbate sludging 
problems and lead to solution contamination. 

Mechanisms used for supplying a high velocity air supply must not 
permit contamination in the form of oil, grease or dirt particles to be 
introduced to the solution, compressors are therefore unsuitable for use. 
Blowers produce a far cleaner air supply, and are highly recommended for 
this purpose. Where this is not feasible, or where additional aeration is 
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necessary a simple and effective device is available in the form of a small 
aquarium pump. This can be adapted for use at a negligible cost to the 
operator. 

The blower / aerator should have the capacity to convey air at a 
pressure of 2cfm per square foot of surface area and 1 psi per foot and a 
half (18") of solution depth. So for example, the air pressure required for a 
tank with an area of 6ft x 3ft and a working depth of 3ft would be 
calculated as follows: 

Tank surface area =3x6= 18 ft sq. 
18 ft sq. x2 (2 cfm per ft sq. ) = 36 cfm. 
So a blower delivering 36 cfm at 2 psi would be required. 
(Source: HALL, N. (ed. ) (1977) Metal Finishing Guidebook and Directory. 45`" ed., 
Hackensack, NJ.: Metals and Plastics Inc., p. 699. ) 

Equipment: 
Refer to Fig. 4/7. The blower pipe which receives, conveys and expels the 
air is composed of plastic or hard rubber approximately 0.5 - 2.5cm (1/4" 

- 1") in diameter, which is held in position at the bottom of the tank by 

plastisol coated weights. To carry and disperse the required air supply, the 
outlet pipe should possess a number of drilled holes, "sparging channels" 
1.5 - 2.5 mm (1/16" - 3/32") in diameter, positioned approximately every 
2.5 (1 inch) along its length. These are best staggered (at a 45° angle) 
slightly off centre to each side of the pipe. This will enable air to rise 
simultaneously either side of the cathode during the deposition process. 
Naturally, the air pressure will be greater near the inlet point of the pump, 
so where long pipes are employed it is advisable to graduate the diameter 
of the holes so that they increase in size as they become more remote / 
distant from the air supply. The optimum level of aeration, with regard to 
the size and location of the holes must be achieved through a process of 
trial and error. 

Air supply 
from pump 

5parging channels 1.5-25mm 
Ch6-3/32) in diameter. These 
are staggered at a 45° angle The air pipe 0.5-25cm 
off centre to the pipe to C/4-1") in diameter 
discharge air either side of the 
cathode 

o -i bcQI IWo ib a1 

Wax seal 
Weights retain the air pipe in a stable 

position on the base of the tank 

Fig. W. An Air Pipe for Agitating the Electroplating Solution. 
N. B. Reference should also be made to Fig. 4/1 which illustrates the position of 

this equipment in relationship to the electroplating tank 
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N. B.: Moderate air agitation is beneficial when employed in bright 

nickel plating and acid copper plating solutions. However, it is 
NOT suitable for use in certain cyanide solutions (as referred to 
in Chapter 4C) because it induces the formation of carbonates, 
which have an adverse affect upon the chemical stability of the 
solution. Excessive air agitation should be avoided at all times, 
because it increases the amount of stress in the metal deposited 

and results in poor adhesion. Solutions which contain "wetting 

agents" are also likely to produce an undesirable quantity of 
surface foam / scum under these conditions. 

Mechanical agitation: 
Air agitation is often used in conjunction with mechanical agitation - 
otherwise referred to as "cathode rod reciprocation". This relies upon the 
attachment of a small (well insulated) motor on the side of the tank (Fig. 
4/8) which is capable of oscillating the cathode bar, intact with work piece 
back and forth through the solution. Electrical contact between the motor 
and cathodic busbar is made through a flexible cable. A smooth, easy 
movement is assured by mounting the busbar on rollers or blocks well 
lubricated with "W D 40" (obtainable from any DIY store). The cathode 
rod is usually designed to traverse back and forth over a distance of 7.5cm 
(3") and reciprocate at a moderate speed of about ten cycles a minute. 
Mechanical agitation of this nature is beneficial in fostering smoother, finer 
and more uniform deposits. 

One particularly common problem associated with cathode rod 
movement is worth mentioning. Failure to tightly and rigidly secure the 
cathode (work piece) during deposition can result in the work swinging 
and creeping along the busbar. This creates contact breaks, which are 
reflected in the perpetual rise and fall of the current, in synchronisation 
with the oscillating movement. This has a detrimental affect upon the 
deposition process and may be alleviated by ensuring a stronger 
attachment is made between the cathode and its respective busbar. 

Temperature Control 

It is essential to accurately regulate the temperature of the electroplating 
solution within defined operating parameters. To obtain successful results, 
the temperature must be controlled to within a plus or minus of about 2°C 
(35.6°F) from its defined optimum. Fluctuations in temperature outside the 
recommended limits specified for a given solution will adversely effect the 
composition of the solution and the quality of the metal deposited. In 
principle, any rise in the solution temperature is likely to be accompanied 
by an increase in the rate of evaporation (making the solution more 
concentrated). This in turn will induce a state of "hydrolysis", which will 
cause the chemicals to solubilize and the additives to deteriorate resulting 
in the breakdown and decomposition of the solution. Equally important, it 
is essential to avoid any significant fall in temperature or over cooling of 
the solution since this (as is frequently observed in acid copper sulphate 
baths) causes the chemicals to crystallise out in solution, - once formed 
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these are notoriously difficult to redissolve. Chilled solutions do not 
operate efficiently because they redefine the current density range under 
which deposition is likely to occur. 

Several methods of heating electroplating solutions are now available. 
These include steam generated from titanium coils, heat exchangers, 
external water jackets, and electricity. Gas which operates on the same 
principle as a Bunsen burner, is especially convenient and extensively used 
in laboratories for heating individual / small tanks. However, the most 
practical and versatile method is to use an immersion heater. Ease of 
installation, heating efficiency (approaching 100%), convenience, 
cleanliness and financial expedience make these devices especially 
suitable for A/C working within a studio environment. In particular, 
thermostatically controlled immersion heaters are ideal for heating and 
maintaining the temperature of the solution, because they eliminate the 
need for manual supervision. Aquarium heaters fit within this category and 
are highly recommended for use. These will suffice in all but the hottest of 
solutions, where elevated temperatures are likely to necessitate the 
employment of a more specialised heating appliance. 

Standard immersion heaters (Fig. 4/9) can be plugged into a 
conventional electrical socket. They vary in size according to the heating 
output which is typically between 1-5 kilowatts. Before purchasing an 
immersion heater it is important to estimate the required heating output. 
This can be calculated using the following formula: 

Litres of solution x Temp rise required in °C 
= Kilo calories per hour (I calorie = 4.2 Joules) 

Heating time in hours 

Gallons of solution x 10 x Temp rise required in °F 
= Btu/hr (British thermal units per hour) 

Heating time in hours 

(Source: CANNING Ltd, W. (1978) Canning Handbook on Electroplating. 22nd ed., 
Birmingham: W. Canning Ltd. E. & F. N. Spon Ltd. p. 181) 

Immersion heaters must be handled with care as although they are 
resistant to chemicals and changes in temperature they are fragile and 
susceptible to breakage / accidental damage. In a typical immersion heater 
the heating coil and built in thermostat are enclosed within a glass sleeve, 
which'is protected at the top by a rubber cap (through which electrical 
contact is made). This is detachable allowing the heating elements to be 
removed and replaced. Most heaters are marked with an encircling line 
indicating the safe immersion depth. It is important to ensure that the 
solution does not fall below this level as this may result in the equipment 
overheating. 

In larger tanks several heaters may be necessary. These should be 
distributed evenly around the solution to accumulatively maintain the 
required temperature. In rubber insulated tanks it is important to ensure 
that immersion heaters are spaced at a sufficient distance away from the 
walls of the tank, to avoid the heat generated deforming and damaging the 
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Fig. 4/9 An Immersion Heater 

Showing the heating coil and thermostat 
enclosed inside the glass sleeve 
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lining. To ensure accuracy immersion heaters should be periodically 
checked against a standard thermometer. 

A large amount of heat is lost from the solution surface. This can be 

reduced by as much as 70% using "chroffles". These comprise of hollow 

plastic or polypropylene spheres approximately 4.5cm (13/4") in 
diameter, which float on the surface of the solution and act as an insulating 
layer retaining heat and preventing evaporation. Though not essential, 
these are especially useful in solutions which operate at high temperatures. 

Rack Design 

Whilst individual artefacts can be wired up separately prior to 
electroplating, it is usually advantageous to suspend production items on 
"racks" or "jigs". This maximises the working capacity of the tank by 

providing an effective method of processing multiple work pieces. By 
using jigs to strategically position and predetermine the relationship of the 
cathodes to the anodes during plating it is possible to promote uniform 
metal deposition. A further benefit which arises from using the rigidity and 
mechanical strength of plating racks, is that the need to weight non- 
conductive substrates which are liable to float or move during the plating 
process becomes obviated because they are located in a secure position. 

Jig frames (Fig. 4/10) are usually constructed from brass or copper. 
These are furnished with special hooks which enable them to be suspended 
from the cathode busbar. With the exception of (electrical) contact points, 
jigs are entirely coated in a specially adherent insulating material, e. g. 
"Plastisol". This renders the jig dielectric / impervious to the corrosive 
nature of the electroplating solution and resilient to mechanical abrasion. 
Primarily these properties instil longevity and durability, but also prevent 
the wasteful deposition of metal on the jig itself. Occasionally, however it 
may be necessary to strip any excess build up of metal from exposed 
contact points, using conventional metal etching techniques. 

In view of the broad and varied nature of components likely to be 
electroplated by the A/C the most practical and versatile jig is likely to be 
of a simple rectangular configuration. Made to fit the size of the tank, the 
frame should be designed so that it can be freely suspended several inches 
away from the base of the tank, with the uppermost bar exposed above the 
level of the solution. Prior to deposition, copper wire is used to locate the 
articles (cathodes) to be electroplated within the frame, ensuring a secure 
electrical connection is made via attachment to the conductive support at 
the top of the jig. The remaining / loose end of the wire is then tied around 
the insulated support at the base of the jig to hold the objects in a rigid 
position. In electrodepositing non-conductive materials such as glass 
multiple electrodes are usually required to eradicate the problems of 
partial/ intermittent plating and to ensure that the current is dissipated 
evenly and readily across the metallized / conductive surfaces. 

Where several objects are to be processed simultaneously, it is 
imperative that neighbouring components are positioned at an optimum 
distance apart (from one another) on the jig and are approximately the 
same size (Fig. 4/11). This will ensure that electrodeposited metal is 
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The copper frame of the jig; coated with an 
insulating film of plastisol 
Conductive hooks, used to suspend the jig from 
the cathodic busbar / rod during the 
eiectroplatmg process 
The electrical contacts, these are tensioned 
against the surface of the object(s) to be 
electroplated 

Fig. 4/10 A Typical Electroplating Jig/Rack 
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Fig. 4/11 Engineering Components Mounted 
on an Anodising Jig/Rack 
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distributed uniformly across all of the objects. If the objects are arranged 
in too close a proximity to one another the current will be dissipated 

unevenly. As a result, some areas will be subject to a deficiency of metal 
(and fail to plate at all), whilst other areas which receive excess current 
will yield a burnt, porous deposit. By comparison, if the objects are too far 

apart an unsightly excess of metal will form along any exposed or 
protruding edges. The following formula can be used to calculate the 

correct distance at which objects should be located from one another on 
the jig during a multiple deposition. This will vary depending upon the 

size of the objects being electroplated. 

For objects under ( 2") in diameter: 
S=f+I+ JI (in) 

844 
For objects over ( 2") in diameter: 

S=1+H (in) 
4 

Key: D= Diameter of objects to be plated in inches 
H= Height (distance it stands from the jig) in inches 
S= Optimum distance apart 

(Source: OLLARD, E. A. (1969) Introductory Electroplating. Teddington: Robert Draper 
Ltd. p. 129) 

Anodes 
Soluble Anodes serve two main functions during electroplating: 

(i) They are the positively charged electrodes and the means by which 
electrical current is introduced to the plating solution. 

(ii) They are soluble and actively dissolve to replenish the metal 
concentration of the solution, which becomes depleted through 
deposition at the cathode. 

When an electrical current is applied to the electroplating solution 
"polarisation" occurs between the positively charged anode and the 
negatively charged cathode (object being plated). This difference in 
electrical potential will continue to increase until "over voltage" occurs, at 
which point the amount of (electrical) current flowing will become 
sufficient to overcome the resistance enabling electrodeposition to begin. 
The anodes will then become activate and slowly dissolve releasing metal 
ions into the solution so replacing the metal deposited at the cathode. In 
this manner the metal concentration of the electroplating solution will be 
maintained at a consistent level throughout the deposition process. 

Construction: 
Though soluble anodes vary in shape and size they tend to be fabricated 
using one of several standard techniques. Typically, they come in the form 
of either extruded bars of cast or rolled metal. The latter which tend to be 
elliptical in shape are especially popular, because they give a very uniform 
dissolution of metal. Alternatively, anodes may comprise of small chips of 
metal, loosely contained within a basket. Recommended ratios for anode to 
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cathode surface area are usually specified, these should be followed and 
used as a guideline in selecting anodes of an appropriate size for 

maximising plating efficiency (Refer to Chapter 4E, Fig. 4/25). Attached 
by hooks the anodes (Fig. 4/12A) are supported vertically in the plating 
solution from the positively charged busbars. They should be hung so that 
they are freely suspended several inches from the base of the tank, with at 
least 2.5cm (1 inch) above solution level. Where several anodes are used in 

a single plating solution they should be positioned strategically and evenly 
around the tank so that they promote uniform metal deposition. 

Soluble anodes are used in silver, copper and nickel plating solutions. 
Phosphorized copper anodes are highly recommended for use in acid 
copper plating solutions. These contain 0.005% phosphorus, which 
promotes a more uniform dissolution of metal and suppresses treeing and 
roughness, to produce a far smoother deposit than would otherwise be 

possible. Their low anode efficiency also helps to maintain a well balanced 
electroplating solution. Pure activated nickel and 99.99% pure silver 
anodes are used in nickel and silver plating solutions respectively. 

As soluble anodes dissolve under the influence of an applied current 
they discharge sludge. (Fig. 4/12B) This is partly attributable to the uneven 
dissolution of the anodes and partly due to the presence of impurities 

within the metal. Unrestrained this sludge will contaminate the 
electroplating solution and be carried to the cathode surface where it will 
create rough / nodular deposits of metal. The effects of sludge formation 
can be minimised by using anodes manufactured to a professional 
specification and by enclosing them in loosely fitting anode bags (Fig. 
4/12C) prior to introducing them to the solution. 5- 10 micron (0.2 - 0.4 
thou) polypropylene anode bags are ideal for acid copper solutions, 
whereas nylon bags are used in caustic / cyanide baths, and terylene or 
cotton bags in nickel solutions. These permit the movement of solution 
around the anode whilst retaining dissolved sludge. 

Not all anodes are soluble. Some electroplating solutions employ 
insoluble / permanent anodes (Fig. 4/13). These are inert and function 
solely to convey electrical current to the electroplating solution. They do 
not donate metal ions. Instead the metal content of the bath has to be 
regularly checked through chemical analysis and replenished by 
periodically adding preparations of concentrated metallic salts to the 
electroplating solution. The employment of insoluble anodes tends to be 
restricted to specific circumstances, typically where the initial financial 
investment of purchasing solid metal anodes is not viable (e. g. with gold), 
or where the metal to be plated does not readily dissolve under an applied 
electrical current. Again this tends to apply to precious metals. Many 
solutions can function using either insoluble or soluble anodes. This is 
clarified in greater detail in Table 4/3. 
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Fig. 4/12A Soluble Anodes 

fir"' =ý.,. ý- 

Suspended in the electroplating solution from the anode bar 

Fig. 4/12B 

Fig. 4/12C 

Anode enclosed in a polypropylene anode bag 

Top: Clean anode Bottom: Anode prior to cleaning - coated in sludge 
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Fig. 4/13 An Insoluble / Permanent Anode 
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This steel anode would typically be employed in a silver 
plating solution 

Fig. 4/14 A Rectifier 

Showing the Ammeter (A) and the Voltmeter (V) 
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Table 4/3. Suitable Anode Materials for Electroplating Solutions 
Soluble Anode Material I Insoluble Anode Material 

Copper (Cyanide) Copper Steel 
(Acid) Copper Lead 

Nickel Nickel Platinum clad Titanium 
Silver (Cyanide) Silver Stainless Steel 
Gold (Cyanide) - Platinum clad Titanium, Tantalum or Stainless 

Steel 

Maintenance: 
Anode bags usually require pre-treatment before being introduced to the 
electroplating solution, and occasional cleaning thereafter. The purification 
and maintenance of anode bags is a relatively simple procedure, for acid 
copper sulphate solutions this may be conducted as follows: 

First carefully extract the bagged anodes from the solution and 
transfer them to a rigid bowl. Any excess solution should be allowed to 
drain back into the tank. However, care must be taken to refrain from 
disturbing the sludge. (Anodes are extremely heavy, so avoid accidentally 
dropping them as the weight will almost certainly crack or break the tank). 
The bags can then be untied, carefully removed and soaked in boiling 
water. The thick black sludge visible on the interior of the bags and 
surface of the anodes may be removed with a scrubbing brush or a high 
pressure water jet. After cleaning the anodes can be rebagged and returned 
to the electroplating tank. 

Routine checks will reveal the extent to which the anodes have been 
consumed and corroded during the electrodeposition process. These 
usually last many years, before they are reduced to a spear shape at which 
point they should be replaced. 

Anode problems: 
Whilst most commercially available anodes are manufactured to eliminate 
potential problems, difficulties may arise. Occasionally, if anodes are used 
at too high a current density (outside the recommended operating 
parameters of the solution) they may become "passive", resulting in the 
complete fall away / loss of current during the electroplating process (i. e. 
The amperage will fall to "0" and voltage will rise). This is caused by an 
insoluble and impermeable film forming on the surface of the anodes 
which prevents them from dissolving and in doing so literally starves the 
plating solution of a source of metal ions. This problem may be resolved 
by cleaning the anodes and using a lower current density during future 
plating operations. 

Anodes are often used as a barometer for gauging the condition of a 
solution. This is discussed below and explained in greater detail in Chapter 
4C. To illustrate this point reference can be made to the following 
explanation regarding silver plating solutions. If during electrodeposition 
silver anodes turn black it indicates that the solution is too weak, 
conversely if they become white it indicates that the solution is too strong. 
In a well balanced silver plating solution the anodes should be of a greyish 
- white appearance when deposition is occurring, and white when not in 
use. Naturally, the skill required to analyse anodes in this way only comes 
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through experience. Therefore, the chemical analysis of electroplating 
solutions remains an essential procedure for A/C, experimenting with the 

process. 

Rectifiers 

A source of electricity is an essential pre-requisite to the electroplating 
process. Commercially transmitted electricity is supplied as a high voltage 
"alternating current" (A. C. ). This means that it is transmitted as an 
oscillating pulse. However, for electroplating purposes a low voltage 
"direct current" (D. C. ) i. e. a constant and therefore continuous electrical 
current is essential. The mechanism used to transform A. C. to D. C. is 
known as a "rectifier" (Fig. 4/14). These are usually classified as either 
"single-phase" or "three-phase" rectifiers according to whether they are 
designed to operate from a domestic or industrial supply of electricity 
respectively. It is therefore essential to ensure that the rectifier purchased 
is appropriate to the intended working environment. The size / capacity of 
a rectifier is measured in "amps". As a guideline a "12 amp rectifier" is 

recommended for the A/C wishing to set up a relatively small plating 
facility. Alternatively, a larger "25 amp. rectifier" would be ideally suited 
to operating a 60 litre (13.2 gallon) plating solution, at the low current 
density range likely to be employed in electrodepositing metals onto glass. 
It is however, advisable to seek professional advise before purchasing this 

piece of equipment. 
Incorporated within the standard rectifier are an "ammeter" and 

"voltmeter" which are essential to regulate the electrical output and control 
the plating process. The rectifier should be positioned in close proximity to 
the plating tank, so that these devices can be easily read and adjusted. 
Their roles are as follows: 

The ammeter: 
(Frequently referred to as the Ampere-hour-meter) Measures in amps the 
amount of electricity flowing through the electroplating solution. This can 
be regulated to dictate the speed at which metal is deposited and the 
amount of metal deposited. The amperage required to electroplate any 
given object is calculated in accordance with its surface area. Appropriate 
formulae for calculating the correct amperage are referred to in Chapter 
4D. 
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The voltmeter: 
Measures the pressure or units of force (termed volts) with which the 
electricity is being pushed or forced around the circuit. An "over voltage", 
or excess of volts is always necessary to initiate deposition, this varies 
according to the conductivity of the object being plated. As glass is a non- 
conductive material which has to be modified prior to deposition, the 
voltage required to overcome the resistance to plate is very high. 
Nevertheless, this falls rapidly once deposition has been initiated. 
However, by comparison metals are highly conductive and offer less 
resistance. They therefore, only require a relatively small over voltage to 
enable electroplating to commence. 



Burdett, G. 1998 Chapter 4- Principles and Practice [4B] 142 

Chapter 4B 

Electroplating Metals 

Introduction 

Electroplating extends beyond the remits of covering a surface with a 
uniform deposit of metal. Within many commercial applications it is 
important to control the production of a deposit to achieve a distinct set of 
desirable/predetermined physical properties, for example ductility, 

porosity, strength, and corrosion resistance, to a rigid specification. In the 
same way it is not merely the visually significant properties such as the 
lustre or dullness of a deposit which are of relevance to the 
creative/aesthetic pursuits of the A/C. The physical properties of a sample 
of electrodeposited copper, for example, will be important in determining 
its suitability to decorative post-treatments such as patination. A very basic 
knowledge of metallurgy is therefore essential if the A/C is to understand 
and exploit the science of electroplating to its full creative potential. It is 
hoped this foundation will be established in the following resume. 

Table 4/4 denotes all known chemical elements and is referred to as 
the `periodic table'. This system is used to classify and arrange elements 
into groups with similar properties. It provides a useful overview for A/C 
because it indicates which metals are capable of undergoing 
electrodeposition - some 30 in all. Of these, the metals listed in the first 
seven groups in `B' division are said to be `noble' and therefore more 
suitable to decorative and functional applications. (A `noble' metal is one 
which resists chemical action, and does not corrode or tarnish easily in the 
presence of air, water, or acidic conditions. ) They are also more easily 
electrodeposited from an aqueous solution than those metals in group A. 
The metals highlighted possess decorative qualities, which render them 
appropriate for use by the A/C. Those metals most commonly exploited 
for more conventional commercial plating applications include copper, 
nickel and chromium. 

Within the context of this thesis the metals being considered are 
copper, nickel and silver. These are recommended as being most 
appropriate to the activities of the A/C in electrodepositing glass in a 
studio-based environment. This is not an arbitrary choice, but one logically 
dictated as a result of the following careful considerations: 

o Tradition. From an historical viewpoint these metals are an inherent 
part of the process of electrodeposition onto glass. Evidence 
supporting this is enumerated in Chapters 2 and 3. 
Decoration. Copper and silver possess particular aesthetic and 
ornamental qualities which render them of direct interest to the 
A/C. 
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o Practicability. These metals can be electrodeposited with 
simplicity. They form plating solutions which are stable and 
relatively easy to control and maintain. Technically they possess 
operating parameters which are most appropriate to 
electrodepositing metals onto glass (refer to section 4C). 

o Financial viability. Naturally electroplating solutions selected for 

use by the A/C must not only be practical, but economically viable 
to install and run within the context of a studio-based environment. 
This is where copper solutions prove to be superior, surpassing all 
other options. Nickel plating processes are also relatively 
inexpensive. However, silver plating solutions demand greater 
financial investment and are only economically viable within a 
production scenario. 

o Health and safety. This is a vital consideration for the A/C wishing 
to employ the electrodeposition process. As a general guideline, 
copper sulphate solutions are most highly recommended for use 
because they are relatively benign and present minimal risk. Nickel 

solutions are more hazardous, whilst cyanide-based solutions such 
as silver are highly toxic and extremely dangerous. These should 
not be used by inexperienced A/C without first acquiring a full 
knowledge and appreciation of the health and safety issues 
involved, and proper training/instruction from a qualified expert. 

The physical and structural properties of an electrodeposited metal film are 
principally determined by: 

o The composition of the electroplating solution 
c The specific operating conditions (eg temperature/current density) 

under which electrodeposition occurs. 

As these variables affect the visual appearance of the electrodeposited 
metal, it is beneficial for the A/C to understand and develop strategies for 

obtaining deposits with different properties and physical characteristics 
through practical experimentation. Naturally this approach requires 
curiosity, patience, enthusiasm, and the ability to learn from the 
experiences encountered, and to apply new knowledge with ingenuity. 
Through this controlled manipulation and exploitation of an electroplating 
solution, the A/C can then predetermine the results to produce a range of 
experimental, decorative and aesthetically stimulating effects. (Some of 
the exciting possibilities are explored in Chapter 7). It is rather ironic that 
many of the creative effects and qualities which are regarded as desirable 
by A/C are in fact considered to be technical defects by commercial 
electroplating establishments. 

The following sections give a very basic introduction to those metals 
most frequently employed by A/C for the decorative and creative 
application of electrodepositing metals onto glass; namely copper, nickel 
and silver. This will briefly describe the history, production, properties and 
electroplating applications of each of these metals. 
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Copper 

History 
Copper was first discovered around 8000 BC in the Tigris and Euphrates 
valleys. A prized possession, its exploitation rapidly spread to Egypt. The 
Romans discovered the richest and most extensive natural resource of 
copper on the Mediterranean island of Cyprus. They abbreviated its name 
to the Latin term ̀ Cuprum' from which it derives its modern day chemical 
symbol, ̀ Cu'. 

Production 
Whilst copper is of widespread occurrence, it constitutes less than 1% of 
the earth's crust. It exists naturally in the form of copper carbonate 
`malachite', copper oxide `cuprite', and copper sulphide `chalocite'. For 
economic viability, copper is frequently mined alongside other more 
highly valued metals. Russia currently commands the largest known 
natural reserves, but other producers include the United States, Chile, and 
Canada. The `winning' of copper from its ores is a very complex process 
which results in an `impure blister copper'. This is then refined using 
electrolytic processes to produce copper with a purity of 99.98%. In this 
condition it is capable of being employed in a wide range of applications. 

Properties 
Copper is one of the most popular non-ferrous metals currently in use 
today. Its attractive rich colour accounts for its well known decorative 
qualities. It has a melting point of 1083°C (1981°F) and boils at 2600°C 
(4700°F). Compared with other metals, copper possesses a relatively high 
thermal conductivity. Pure copper is renowned for its electrical 
conductivity (in which it is surpassed only by silver), this property renders 
it suitable to most electroplating applications. It has a good tensile 
strength, yet it is relatively soft and ductile. 

Copper readily combines with other metals to form alloys. This asset 
is widely exploited by A/C for various decorative/aesthetic applications. 
Typical copper alloys include: 

Red brass: 85% copper and 15% zinc; 
Yellow brass: 65% copper and 35% zinc 
Gilding metal: 95% copper and 5% zinc; 
Bronze: a copper/tin alloy 
Cupro-nickel: 80% copper and 20% nickel; 
Monet metal: 30% copper, 68% nickel, together with small amounts 
of silicon and iron. 

Under normal atmospheric conditions copper has good corrosion 
resistance. This is because on exposure to air, copper oxidizes, 
precipitating a dull brown surface residue or tarnish, which is sacrificial 
and inherently protects the metal from further corrosion. Electroplated 
copper artefacts will naturally take on this tarnished appearance after 
processing. If a naturally bright appearance is to be preserved, the surface 
of the metal must be treated to prevent its direct interaction with the air 
(refer to Chapter 7). On the other hand it is worth noting that when copper 
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is exposed to moist air over an extended period of time it will yield a 
poisonous green coating (a type of patina) containing sulphates, acetates 
and chlorides. Referred to as ̀ verdigris', this is commonly observed on 
archaeologically-found copper artefacts and is much sought after by fine 
artists and metal sculptors. The sensitivity of copper to tarnishing renders 
it ideally suited to the process of to patination. This can be exploited by 
A/C to produce a range of exciting decorative effects and chemical 
colours, the implications of which are more fully explored in Chapter 7. 

Applications of electrodeposited copper 
Copper is relatively easy to electroplate from aqueous solutions. Three 
main types of solution are currently available, copper cyanide solutions, 
copper acid solutions (sulphate or fluoborate) and copper pyrophosphate 
solutions. These are employed for specific purposes and produce copper 
deposits with inherently different properties. 

Since the discovery of electroplating in the 1830s, copper deposition 
has emerged to become a widely practised arteform and science. Today, it 
forms a fundamental part of the electroplating/metal-finishing industry 
which finds extensive employment in decorative, functional and 
engineering applications. Copper is frequently used as a preliminary 
undercoating on metal components (Fig. 4/15). The primary purpose of 
this is to instil protective/anti-corrosion properties prior to furnishing them 
with a more decorative finish. Typical examples of this include: 

o undercoating steel components prior to nickel or chrome finishing; 
0 undercoating zinc die casts prior to nickel deposition and 

subsequent gold or silver plating. 

Copper plating is also extensively employed for plating plastics in the 
electronics industry, where its highly conductive properties are exploited 
in producing printed circuitry (Fig. 4/15). Perhaps the most renowned and 
historically significant application of copper plating is its use within 
electroforming processes for producing waveguides, gramophone record 
stampers and engineering components. 

Nickel 

History 
The discovery of nickel dates back to prehistoric man, and to the use of 
`meteoric' metal which incorporated a high concentration of nickel. The 
metal was extensively used in ancient history by the Chinese, but was not 
isolated as an element in its own right until 1751. Historically it was often 
referred to as ̀ Kupfernickel' (false copper) because its general appearance 
rather deceptively suggested the presence of copper rather than nickel. The 
chemical symbol for nickel is `Ni'. 

Production 
The earth's crust contains a mere 0.008% nickel. Discovered in 1866, the 
richest natural deposits of nickel lie in Canada, which now supplies half 
the world's demands. Other principal producers include the United States, 
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Fig. 4/15 Applications of Electroplating Copper 
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Harrel plating. Steel screws are given a corrosion resistant undercoating of copper and 
nickel, prior to receiving an attractive chrome-plate finish. 

The copper plating of circuit board panels 
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Russia, Africa and Finland. Nickel ores are usually found in close 
proximity to deposits of cobalt and exist in several states as nickel 
sulphides, oxides or silicates. These are extracted from the earth and 
refined through roasting and smelting, or through the ̀ carbonyl process'. 

Properties 
Nickel is a silvery, hard, white metal which possesses good ductility, 

strength, and moderate magnetic properties. It has a melting point of 
1453°C (2647°F). Nickel exhibits fairly good thermal and electrical 
properties. 

Nickel is an important alloying metal, which is capable of coalescing 
with numerous ferrous and non-ferrous metals to produce a range of 
metals bearing modified properties and physical characteristics. These 

vary in appearance, giving rise to alloys which display a spectrum of grey 
and pink tinged hues. The most common of these alloys include: 

Nickel silver: (this actually contains no silver) 62% copper, 33% 
nickel and 5% zinc. This is extensively used in jewellery; 
Monel metal: 68% nickel, 30% copper, and small quantities of 
manganese, carbon, silicon and sulphur. 
Nichrome wire: 80% nickel and 20% chromium. This is exploited in 

electrical resistance elements in kilns and furnaces. 
Invar: 36% nickel and 63% iron, plus small quantities of manganese, 
silicon and carbon. This is used in manufacturing measuring 
instruments and apparatus. 

The surface of nickel is passive, and is not readily tarnished in the air, but 
it is susceptible to corrosion when exposed to contaminated atmospheres. 
For decorative purposes nickel is usually overplated with chromium, silver 
or gold. 

Applications of electrodeposited nickel 
Electroplating applications account for a major proportion of the annual 
consumption of nickel (15-17% of all nickel produced is used for 
electroplating purposes). The principle engineering application of nickel 
plating is as a bright undercoating to chrome plate. This combination 
brings together the desirable properties of protection against corrosion and 
wear resistance with decorative appeal. The implementation of this `bright 
nickel-chrome finish' is widespread in electroplating steel, brass, zinc, and 
plastic components, especially in the car industry (Fig. 4/16). For purely 
decorative applications, nickel is often overplated with deposits of gold, 
silver or brass. It is also widely used in electroforming applications in 
industries which manufacture printing plates, nickel meshes and screens, 
and in gramophone record production. 

The earliest records of nickel plating date back to Boettger in 1842. 
However it was in the 1870's that Adams developed the first commercially 
viable process. Nickel systems are now one of the most extensively 
researched and popular electroplating processes. The resulting variety of 
plating solutions now available serve many very specific and separate 
market needs. This enables the metal to be deposited in an infinite variety 
of forms - soft, hard, bright and dull, with numerous mechanical 
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properties and decorative appearances, depending upon the intended 

application. The most well known electroplating solutions include the 
Watts Nickel solutions, nickel fluoridate solutions and nickel sulphamate 
solutions. 

Nickel is not poisonous (except when ingested in copious quantities), 
but nickel platers frequently find themselves susceptible to `nickel itch' 

and dermatitis. Care should therefore be exercised to ensure that the 
necessary protective clothing is worn. Prolonged or long-term exposure to 
nickel-dust-containing environments is carcinogenic. Precautions must 
therefore be taken to avoid possible dust inhalation. 

Silver 
History 
Silver has been known to man since antiquity. The Phoenicians mined it 
from rich deposits in America and Spain, and purified it through the 
process of cupellation. Its scarcity once gave it a higher value than gold. 
Historically, silver was termed `Argentum', derived from the Hebrew's 
reference to its bright white colouration, and from the Greek expression 
`Ap"yos (Argos) to be shinning. It was from this background the chemical 
symbol for silver `Ag' evolved. Alchemists referred to silver as ̀ Luna' or 
`Diana' (silver nitrate, used for medicinal purposes, was known as 'lunar 
caustic') after its pale silver colouration which bore a striking resemblance 
to moonlight. Silver is regarded as one of the `coinage' metals alongside 
copper and gold. 

Production 
Silver is a relatively rare metal. Natural silver is found in the form of silver 
sulphide argentite. It is commercially extracted from the earth as a by- 
product of mining other metals, and co-exists alongside deposits of lead 
(argentiferous lead), copper and gold. It is also found in the form of 
`Keragyrite' - silver chloride (`hom silvir'). Silver ore is mined principally 
in Mexico, Peru, USA, Russia, Chile and Australia, where it is extracted 
by methods of lixiviation, amalgamation, smelting and electrolysis. It is 
then refined to a very high state of purity. This property is usually quoted 
in parts per thousand. Fine silver has a purity of 99.9%. 

Properties 
Silver is a white metal which is capable of being polished to a highly 
reflective metallic lustre. This gives it attractive decorative and ornamental 
qualities. In the form of `silver leaf' it possesses a bluish tinge, whilst it is 
greyish in powdered form. The high malleability and ductility of silver is 
surpassed only by gold. Bearing a melting point of 960°C (1760°F), silver 
has both the highest thermal and electrical conductivity of all known 
metals. 

In its natural pure state silver is too soft for most decorative 
applications, so alloying is used to harden it and modify its properties to 
provide greater durability. Typical silver alloys include: 

Sterling silver: 92.5% silver to 7.5% copper; 
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Courage silver: 90% silver to 10% copper. This is also alloyed with 
gold, tin, lead and zinc; 
Electrum: a pale yellow silver alloy which was extensively used by 
the Romans. 

Silver will tarnish in the air to produce a dark brown/black surface film. 
This is caused by the interaction of silver with sulphur present in the 
atmosphere. The resulting stain is synonymous with the formation of silver 
sulphide on the surface. This causes a deterioration in the appearance of 
the metal, which reduces its reflective and conductive properties. The 
latter property is especially significant in electrical applications. For this 
reason the tarnish-resistant technique of overplating silver with thin layers 

of non-tarnishable palladium, rhodium or gold is frequently employed 
(which alters its appearance). Alternatively, for decorative applications, 
the formation of tarnish can be delayed by using `passivating' treatments 
which include `chromating', and the use of beryllium oxide. Alternatively 
the A/C may wish to exploit silvers susceptibility to tarnishing, to 
deliberately impart an antique appearance. This can be achieved by 
subjecting the metal to a patinating procedure using liver of sulphur (these 
treatments are discussed in Chapter 7). 

Applications of electrodeposited silver 
Silver has found widespread commercial application in the production of 
mirrors, batteries and photographic equipment. However electroplating 
also accounts for a significant percentage of its annual consumption 
(10%). Within this context it is heavily exploited for 
decorative/ornamental applications (especially in the production of silver 
plated stainless steel holloware and jewellery), and for dental/medicinal 
purposes. Silver's unsurpassed electrical properties render it particularly 
appropriate to its second largest application within the electronics industry 

- where it is extensively used for producing conductors, radio antennae 
(Fig. 4/16) and radar waveguides. 

Silver was the first metal to be used for commercial electroplating 
applications. Today's silver plating solutions were originally developed as 
a result of research undertaken by the Elkington brothers in the 1840's and 
are predominantly based on cyanide. Whilst silver metal can be handled 
with relative safety, silver salts are poisonous, and cyanide is a particularly 
hazardous chemical, which must be handled with the greatest of care. 
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Chapter 4C 

Electroplating Solutions 

A Basic Introduction 
The electroplating / electrolyte solution consists of an aqueous solution of 
the metal to be deposited, comprising of acids, bases and salts which 
dissolve in a suitable solvent to form a highly conductive solution. During 

electrodeposition an electrical current is applied to this solution to 
transport and deposit metal onto the workpiece (cathode). Throughout the 
process metal deposited from the solution will be replenished by the 
dissolution of the anodes, ensuring that a constant chemical environment / 
balance is maintained. 

Composition 
The majority of electroplating solutions in commercial use today are 
formed by dissolving simple salts of the desired metal in water, as for 
example in copper sulphate solutions. These solutions are usually acidic in 
nature. However, some metal salts will not readily dissolve in water to 
form a stable solution. In these circumstances a complexing salt has to be 
used. The most common complexing salt is cyanide which is typically 
used in gold and silver plating solutions. These solutions are usually 
alkaline in nature and yield fine grained deposits of metal. They are 
generally less efficient and tend to be more expensive and complicated to 
set up and maintain. 

Electroplating solutions for depositing metals vary in formulation but 
typically comprise of several basic ingredients, each of which is designed 
to fulfil a specific function. Fundamentally the solution must provide the 
source of metal to be deposited, and be highly conductive. Additives are 
frequently used to further modify the solution to provide greater stability 
and control, or to alter the properties / visual characteristics of the resulting 
deposit. These include: 

Ionic additives 
(i) Buffers These regulate the "pH "of the solution. The pH refers to 
the relative acidity or alkalinity of the solution and is an expression of the 
free hydrogen concentration. The pH of a solution is measured on a scale 
of 0-14. The central figure "7" denotes a neutral composition. A decrease 
in pH below this number indicates increasing acidity, whilst an increase in 
pH above this number indicates increasing alkalinity. The pH can be 
measured using comparator paper which changes colour on immersion in 
the electroplating solution to give a precise pH reading. 

The pH value is absolutely critical in nickel and silver plating 
solutions because it has a vital effect upon the stability and efficiency of 
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the solution. It also effects the appearance, properties and levels of stress 
present in the resulting deposit. 

(ii) Wetting agents Commonly referred to as "anti-pittants", 

these are added to electroplating solutions with "low-cathode efficiencies". 
In these solutions a percentage of the applied electrical current is 

consumed in the formation of gases - by-products of the deposition 

process which are generated at the cathode surface. Unliberated, these tiny 
bubbles of gas become permanently occluded into the deposit, inhibiting 
further plating and producing "pits" - tiny pin holes in the surface of the 
metal. Wetting agents which lower the surface tension of the solution are 
essential to promote the release of these gases. They are especially 
important in nickel solutions which are highly susceptible to pitting. 

NB. Both of the above sets of additives are referred to as "ionic" 

additives. In practice this means they are not inadvertently removed from 
the solution during carbon filtration. This process is intermittently 

employed to purify the solution. However, organic additives (which 
generally include brighteners) are extracted by carbon filtration and must 
be replenished directly after treatment to restore the solution to a good 
operating condition. 

Organic additives 
(iii) Brighteners Electroplating solutions seldom produce bright 
deposits without the use of "organic brighteners". These are consumed at a 
constant rate throughout the deposition process, and supplementary 
additions must be made on a regular basis in order to maintain the 
production of highly reflective deposits. Small, frequent additions are 
usually made on an ampere-hour basis (calculated in accordance with the 
current density and plating duration). It is therefore essential to keep 
records of all electroplating / deposition activities so that replenishment 
quotas can be accurately calculated. Brighteners are available as 
"proprietary products" from any reputable plating establishment. 

The operating parameters of a solution 
Each electroplating solution functions to its optimum under a pre- 
determined set of conditions. These are referred to as the "operating 
conditions / parameters" of the solution, and relate to the recommended 
temperature, pH, filtration, agitation and current density range of the 
solution. Variables which have a profound effect upon both the 
maintenance of the solution and upon the appearance and properties of the 
resulting deposit. 

Fundamental criteria in determining the suitability of a plating 
process to electrodepositing metals onto glass. 
The process of electrodepositing metals onto glass is a very specific 
application of the electroplating process, in which the selection of a 
suitable electroplating solution is both guided and limited by a number of 
important practical and technical considerations. These have evolved out 
of the fact that glass is a non-conductor, and a good tenaciously adherent 
bond can only be achieved between the metal and glass by relying upon 
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the principle of encapsulation (Refer to Chapter 6D). Therefore 

electroplating solutions suitable to electrodepositing metal onto glass must 
fulfil two essential criteria: 

(i) They must be capable of depositing metal in a very low state of 
stress. 

(ii) They must be capable of operating at a fairly low / near ambient 
temperature. Glass cannot undergo effective electrodeposition 
from a hot electroplating solution (i. e. One which operates at 
temperatures above 50°C / 122°F ). This is because on extraction 
from the process, the glass and metal ( having a different co- 
efficient of expansion) will cool at different rates. The resulting 
thermal shock induces stress which causes the deposit to lift and 
peel away from the glass, resulting in poor adhesion. 

Based on this mandate this chapter will aim to explore those 
electroplating solutions most suitable to decorative / aesthetic exploitation 
by the A/C practitioner. This will advocate practical procedures and 
strategies for obtaining adherent electrodeposits on glass. 
Recommendations will be made regarding suitable plating formulations, 
operating conditions and analysis / maintenance procedures. Methods for 
dealing competently with plating problems which might arise will also be 
discussed. 

Electroplating solutions recommended for electrodepositing metals 
onto glass 
Before purchasing a solution or embarking upon the practical application 
of the plating process, it is absolutely essential for the A/C to address basic 
health and safety issues. Reference should be made to the information held 
in Section 1 of the Appendix. In light of this concern and the need to 
purchase an electroplating solution which is both stable and relatively easy 
to control, it is highly recommended that initially the A/C practitioner 
invests in an acid copper sulphate plating solution. These solutions are 
extremely versatile, practical and simple to run. Alternatively it is feasible 
to use a nickel sulphamate solution. However these solutions do not 
possess the same advantages, by comparison they are more expensive to 
set up and more difficult to maintain for the beginner. Nevertheless, either 
of these solutions will establish a good introductory plating facility and 
provide a precursory foundation stone to electrodepositing metal onto 
glass for the subsequent deposition of precious metals (silver and gold) by 
the A/C. 

Descriptive summary of the chapter 
The electroplating solutions discussed in the following chapter have been 
limited to those which are considered most appropriate to exploitation by 
the A/C for the decorative application of electrodepositing metals onto 
glass, namely: 

A: Copper solutions 
B: Nickel solutions 
C: Silver solutions 
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These solutions will be discussed in detail. In each case an 
introductory paragraph will identify and recommend their mode of 
application within the context of electrodepositing metals onto glass. 
Thereafter, for the purpose of accessibility information regarding each 
solution will then be broken down to follow the format outlined below; 

(i) Composition 
(ii) Function of constituents 
(iii) Mixing the solution 
(iv) Operating parameters 
(v) Modifying the solution 
(vi) Maintenance of the solution 
(vii) Solution contamination 
(viii) Common faults encountered in using the solution 

Section A: Copper Plating Solutions 

Copper plating forms an essential and basic part of any electroplater's 
repertoire of skills. It is a metal which can be electrodeposited easily and 
cheaply from a wide range of available electroplating solutions. These can 
basically be divided into two types namely "acid" and "alkali". Acid 
copper plating solutions tend to be based on copper sulphate or copper 
fluorobate, whilst alkaline solutions tend to be based on cyanide or 
pyrophosphate. This division is clarified in Table 4/5: 

Copper Plating Solutions 

ACID ALKALINE 

Copper Copper Copper Copper 
Sulphate Fluoborate Cyanide Pyrophosphate 
Solutions Solutions Solutions Solutions 

High-efficiency/ Low-efficiency 
High-Speed Conventional 
Solutions Solutions 

Source: Introduction to Electroforming 
Course notes: Birmingham School of Jewellery 

Table 4/5. Copper Plating Solutions 
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Solutions and procedures recommended for electrodepositing copper onto 
glass 
Acid copper sulphate solutions are highly advocated for exploitation 
within the studio environment. Their flexibility renders them excellent for 
experimentation by A/C in researching the effects and limitations of 
electroforming / electrodeposition, and in providing an exciting starting 
point for exploring and challenging the process in regard to generating 
decorative and aesthetic effects. However, whilst an acid copper plating 
solution is recommended for most scenarios, under specific / special 
circumstances it may be necessary to resort to using a cyanide based 
solution. The following discussion will therefore centre exclusively upon 
these two types of copper plating solutions. 

Principle differences between copper sulphate and copper cyanide 
solutions 
In cyanide based solutions the copper is present in a "monovalent" form, 
whilst in acid based solutions it is present in a "divalent" form. This has 
certain fundamental implications which must be understood by the A/C 
practitioner. In practical terms it means that for any given current of 
electricity applied to the solution, twice the weight of copper will be 
deposited from a cyanide solution as from an acid solution. From this it 
may initially appear advantageous to use a copper cyanide solution. 
However, this has to be re-considered in light of the fact that the "cathode 
current efficiency" for cyanide solutions is only 50-70%, as compared with 
copper sulphate solutions which possess a 100% cathode current 
efficiency. This term (which is referred to in Chapter 4D) refers to the 
ability of the electroplating solution to use all the available source of 
electricity directly in depositing metal. Often solutions with poor cathode 
current efficiencies use some of the current to simultaneously deposit 
gaseous by-products, e. g. hydrogen. The average cathode current 
efficiencies of typical electroplating solutions are delineated in Section 2 
of the Appendix). Cyanide solutions also operate at lower current densities 
so where heavy fast deposits of copper are required, optimum efficiency 
can be obtained from using copper sulphate solutions. 

Acid Copper Sulphate Solutions. 
Acid copper sulphate solutions are by far the most suitable and highly 
recommended electroplating solutions for exploitation by the A/C. They 
have many advantages. They are relatively cheap to install and maintain, 
and are extremely stable. Furthermore these solutions are highly efficient 
and capable of performing at high current densities to produce very thick 
deposits of copper. They are therefore commonly employed for decorative 
applications. Copper sulphate solutions are especially suitable for the 
direct electrodeposition of metals onto glass because they are capable of 
depositing metal in a low state of stress. 
(i) Composition 
Acid copper sulphate solutions can either be purchased commercially as a 
proprietary solution (e. g. Canning's sell a formulation under the brand 
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name of "Cuprasol mk 5"), or alternatively they can be formulated 
independently by the A/C. Basically copper sulphate solutions are 
composed of two fundamental constituents namely sulphuric acid and 
copper sulphate dissolved in water. The relative ratios or concentrations of 
these constituents is not critical, since they are frequently manipulated to 
produce copper deposits with varying properties and physical 
characteristics. The composition range, together with examples of typical 
Acid Copper Sulphate electroplating solutions are shown in Table 4/6. 

(ii) Function of constituents 
Copper sulphate 

This provides the principle source of copper ions in the 
solution. During deposition copper will be replenished by 
the continual dissolution of the anodes. This constituent 
gives the solution its bright blue appearance. 

Sulphuric acid 
Free acid is essential to improve the conductivity and 
throwing power of the solution. It also promotes anode 
corrosion, so enabling higher current densities to be used. 

Chloride 
This is ONLY used in the bright acid copper sulphate 
solutions. Additions of chloride are made in the form of 
either hydrochloric acid or sodium chloride (table salt). 
Generally chloride ions act as catalysts promoting the 
formation of smoother, denser deposits (thus suppressing / 
inhibiting nodular growth. ) Normally, this chemical is 
used in conjunction with organic additives and brighteners 
to produce highly reflective deposits. 

(iii) Mixing acid copper sulphate solutions 
When mixing copper sulphate solutions it is essential to use high grade / 
pure copper sulphate crystals and advantageous to use pure water. Normal 
tap water is inappropriate for use because it is contaminated with trace 
elements of calcium and iron and is heavily chlorinated. This will yield a 
solution which is more likely to promote rough, nodular deposits. 
"Distilled" or "deionized" water is therefore recommended for use when 
mixing solutions. However, where this is not possible tap water may be 
used provided that it has been boiled before hand. Before mixing the 
electroplating solution reference should be made to the health and safety 
guidelines delineated in Section 1 of the Appendix. Precautions should 
also be taken to ensure that suitable protective garments are worn. 
Method 
Using a durable plastic container dissolve the copper sulphate crystals in 
clean, hot water (60-65°C / 140-150°F) then transfer the solution to the 
plating tank through the filter unit. Once installed allow the solution to 
cool to room temperature, before slowly adding the required volume of 
sulphuric acid. (Note: Extreme caution must be exercised when adding 
sulphuric acid to water, as this chemical reaction is exothermic and 
generates a considerable amount of heat. ) Throughout this process 
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continuous agitation and filtration should be used to ensure the solution is 
uniformly mixed. 

Before use "plating-out" procedures should be adopted as a means of 
testing and purifying the solution. This simply involves electroplating a 
dummy cathode, comprising of a small corrugated piece of copper at a low 
current density of 0.5 A/dm2 (5 Asf) for a continuous period of 8/10 hours. 
The solution is now ready for use. 

(iv) Operating parameters 
The following guidelines should be employed to obtain optimum results 
from an acid copper sulphate electroplating solution: 
Temperature 

Operate at room temperature ideally between 18-30°C 
(65-86°F). The optimum temperature is around 23°C 
(74°F). Within this range lower temperatures will favour 
the formation of fine grained deposits. This is particularly 
important in bright acid copper plating solutions. 
However, it is not advisable to allow the operating 
temperature to fall below 15°C (60°F) as the solution will 
crystallise out and the anodes will become passive, 
inhibiting deposition. Higher temperatures of up to 40°C 
(105°F) may be used in conjunction with vigorous 
agitation to increase the current density range of the 
solution and encourage high speed / rapid deposition. 

Current density range 
Typically between 1.0 - 5.5 A/ dm2 (10-50 Asf). 
However, higher current densities can be obtained by 
raising the temperature of the solution e. g.: 16 A/dm2 at 
40°C (150 Asf at 105°F). To acquire adherent deposits of 
copper on glass it will be necessary to use a very low 
current density, of between 0.5 -1.6 A/dm2 (5 - 15 Asf ). 

Anodes 
High purity, phosphorized copper anodes are 
recommended for optimum results. These should be 
protected in polypropylene anode bags. Anode to cathode 
surface area should be 2: 1. 

Agitation 
Both air agitation and cathode rod reciprocation are 
recommended to promote uniform metal deposition and 
allow higher current densities to be used. 

Filtration 
Continuous filtration should be employed to remove solid 
impurities from the solution. Polypropylene filter 
cartridges are commonly employed in acid copper 
sulphate solutions. However, 5 micron (0.2 thou) paper 
and plate type filter units offer a far superior form of 
filtration and are therefore more highly recommended for 
use. 

Plating rate 
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At 1.6 A/dm2 (15 Asf) - 2.5µm (0.0001") of copper will 
be deposited in 7 minutes - 25µm (0.001") in 70 minutes. 
1 ampere hour (using a current of 1 amp for 1 hour) will 
deposit 1.186 grammes (0.0418 oz) of copper. (Based on a 
current efficiency of 100%). 

pH 
Not applicable. This requires no attention because of the 
high acid content of the solution. 

Notes 
o NEVER introduce iron or steel components into an acid copper 

sulphate electroplating solution. (Refer to section (vii) for further 
details) 

o For further information relating specifically to the copper plating 
solution used within the remits of this research reference should be 

made to Section 3 of the Appendix. 

(v) Modifying the solution 
Copper sulphate solutions will perform perfectly well without additives, 
which are introduced purely to engender a precise control over the solution 
and so predetermine specific characteristics in the resulting deposit. 
Addition agents can be used to manipulate both the properties and visual 
appearance of the metal deposited and are usually designed to tackle a 
specific problem. For example copper sulphate solutions are notorious for 

exhibiting a tendency towards treeing and nodularity which the A/C may 
wish to exploit in creative / decorative applications (see Chapter 7). 
However, where this condition has an adverse or detrimental affect it can 
be remedied using "grain refiners". Typically potassium aluminium 
sulphate is added in a ratio of 12g/l (2.0 imperial oz/gal) to alleviate this 
problem. Other additives include: 

Brighteners 
To produce bright, lustrous deposits, proprietary "brightening agents" are 
commercially available and highly recommended for use by the A/C. For 

many organic brighteners to be effective it is necessary to introduce a 
small quantity of chloride to the solution. This acts as a catalyst which 
reduces nodularity and gives rise to bright, lustrous copper deposits. 

Throughout history a diverse range of chemicals have been employed 
as brightening agents including glue, phenol and molasses. A typical 
example of a brightening system involved adding 0.01 g/l (0.0016 imperial 
oz/gal) of thiourea and 0.8g11(0.13 imperial oz/gal) of molasses to acid 
copper sulphate solutions. Further examples are referred to in Section 4 of 
the Appendix. 

Harder deposits 
May be obtained by increasing the sulphuric acid concentration of the 
solution (within the recommended operating parameters) or using higher 
current densities. 

Softer deposits 
May be obtained by lowering the sulphuric acid concentration of the 
solution. Titration tests should first be conducted to assess the existing 
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level of acid. Excess sulphuric acid can be neutralised using copper 
carbonate. However, care must be taken as this may inadvertently increase 
the copper concentration of the solution. An alternative method of 
reducing the acidity of the solution is to add small quantities of sodium or 
potassium carbonate. 

(vi) Maintenance of acid copper sulphate solutions 
Copper sulphate solutions are fairly stable and need little maintenance. 
However, when required this can be conducted with relative ease and 
simplicity. For the A/C this represents one of the emphatic advantages of 
employing this process. The following recommendations should be used as 
a basic guideline for maintaining the solution in optimum condition. 

To obtain the best results, copper sulphate solutions should be kept 
slightly above room temperature. However, this renders them prone to 
evaporation which causes the solution level to fall and blue copper 
sulphate crystals to form around the peripheral edges of the tank. To 
counteract this effect, boiled water should be added regularly (e. g. once a 
week) to redissolve the crystals and maintain the solution at its designated 
operating level. Covering the solution, for example with a polycarbonate 
plastic lid, will help to reduce evaporation and maintain the solution in a 
more stable condition. 

Solution analysis 
The solution should be analysed at regular intervals (every 1-3 months) to 
determine the copper sulphate and sulphuric acid concentrations. During 
normal service it is likely that the sulphuric acid concentration will fall and 
the copper sulphate level will rise, a phenomena which will be accelerated 
by the presence of air agitation. Analysis to monitor and regulate the 
correct chemical balance of the solution can be carried out by a 
professional plating company. Alternatively titration procedures are 
relatively easy to conduct, provided the A/C has a very basic 
understanding of the chemistry involved. Recommended procedures for 
analysing copper sulphate solutions are referred to in Section 5A & 5B of 
the Appendix. 

It is especially important to monitor the chloride content present in 
bright acid copper sulphate solutions. This is only added in very minute 
quantities, and must be maintained within the defined limits to avoid 
inducing stress within the resulting deposit. 

Excess chloride is extremely detrimental to the solution and very 
difficult to remove. Neglected it will form a film around the anode surface 
which will inhibit the flow of electricity and prevent successful deposition. 
In less severe cases excess chloride can be precipitated out of the solution 
using silver sulphate. 

Observing fluctuations in the condition of the solution 
In addition, anodes should be regularly extracted from the solution and the 
anode bags removed. These should be washed and scrubbed clean before 
being returned to the solution. By regularly inspecting the anodes it is 
possible to obtain a good indication of the solutions condition. Naturally 
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these observations should be confirmed through volumetric analysis before 

additions / alterations are made to the solution. Typically: 

o Anodes which become very bright and crystalline in appearance may 
indicate excessively high acid concentrations in the solution. 

o Anodes coated in a dark film may indicate a deficiency in the acid 
concentration of the solution. During initial plating this may be 

accompanied by a rise in voltage and fall in amperage. 
The visual appearance of a deposit is also a useful preliminary guide in 
indicating the condition of a solution. By regularly electrodepositing metal 
at a pre-determined current density and visually comparing and analysing 
the results any fluctuations in composition can be gauged, particularly as 
the skill of the practitioner develops. Generally low sulphuric acid 
concentrations will result in reduced throwing power and rough granular 
or even dark, powdery deposits. Conversely an excess concentration of 
sulphuric acid will produce very hard, brittle deposits. 

(vii) Solution contamination 
The following points of reference may be useful to the A/C in avoiding the 
unnecessary contamination of acid copper sulphate electroplating 
solutions: 

1. Metallic contamination: 
Any non-ferrous metals including copper alloys may be successfully 
plated using this solution. However, reactive metals such as iron, steel and 
zinc cannot NOT undergo electrodeposition from acid copper sulphate 
electroplating solutions. The corrosive nature of this solution will actively 
attack / dissolve these metals causing severe contamination / irreparable 
damage to the solution, and will result in the formation of a poor quality / 
non-adherent deposits. 

Antimony and nitrates tend to cause rough / brittle deposits. Originally 
these forms of contamination arose inadvertently, as a by-product of 
manufacturing copper anodes. Fortunately new / contemporary 
innovations in the manufacturing process have largely succeeded in 
eliminating this problem. Acid copper plating solutions are also sensitive 
to contamination from the following metals. 

Table 4/7. Metallic Contamination of Acid Copper Sulphate Solutions 
Metal I Effect 
Nickel and Iron: Lower the conductivity of the electroplating solution . 
Arsenic: Produce rough / brittle deposits. This also has a detrimental effect on the 

solution 
Silver. Small quantities of silver tend to be introduced to the solution through the 

application of "silver electrodags' which are used to metallize non- 
conductors such as glass. This form of contamination will be co-deposited 
with the copper and have no long term detrimental effect on the solution. 

Source: Complied from HALL, N. (1977) Metal Finishing Guidebook and Directory. 45"' ed., 
Hackensack, N. J. Metals and Plactics Publications Inc. p. 210 and PINNER, R. (1962) Copper and 

Copper Alloy Plating, London: Copper Development Association. pp 36-37 
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2. Organic impurities: 
Continuous filtration should be supplemented by occasional filtration over 
activated carbon. This will help to purify the solution by removing any 
decomposed / residual by-products of the plating process. It is important to 
note that whilst carbon filtration extracts all organic additives (including 
brighteners) from the solution, it does NOT effect chloride concentrations. 

3. Other sources of contamination: 
Acid copper sulphate solutions are susceptible to contamination from dust, 

particulate matter and other chemicals. During preliminary surface 
preparation it is therefore essential to ensure that substrates are not only 
scrupulously cleaned, but also carefully rinsed to avoid dragging the 
residues of chemical cleaning agents into the solution. 

(viii) Common faults encountered in using copper sulphate solutions 
Rough / gritty deposits 

Occurs as a result of: 
o Using too high a current density 
o Inadequate / Poor filtration 

o Anode sludge being discharged into the solution. This 
usually arises as a result of using unbagged anodes. 

Course / dark brown powdery deposits 
Usually occur on exposed and protruding edges of the 
cathode, and are likely to result from: 
o Using an excessively high current - This may be 

resolved by reducing the current density. 
Failing this the problem may be attributable to: 
o Poor quality anodes - Bagged, phosphorized copper 

anodes are recommended for use. 
oA low concentration of acid in the electroplating 

solution - Check the acid level of the solution using 
simple filtration procedures (referred to in Section 5B 
of the Appendix) and add sulphuric acid as required. 

o Too low a temperature - Check the solution is within 
the defined operating parameters . Treeing / nodularity 

Occurs through: 
o Solution contamination from dust and suspended 

debris. This may be resolved by filtering the solution. 
Covering the plating tank with a protective 
polypropylene lid will help to alleviate this problem. 

Uneven deposits 
Usually occur as a result of using a solution with a poor 
throwing / covering power. In the first instance this may 
be resolved by: 
o Repositioning the anodes so that they are in close 

proximity to, yet at a uniform distance away from the 
cathode. 
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o Rotating the cathode at regular intervals throughout 
the deposition process to encourage a more uniform 
deposit. 

A good even coverage of metal is difficult to obtain on 
complex intricate forms, in these circumstances it may be 

necessary to: 

o Employ auxiliary anodes and shields (refer to Chapter 
4E). 

Failing the above, poor throwing power may be the result 
of. 
o An inadequate concentration of acid in the solution. 

Test the solution to determine the sulphuric acid 
concentration and make any necessary additions / 

adjustments. 
As a general comment it should be remembered that 
copper sulphate solutions do not have particularly good 
throwing power. Therefore if the difficulty remains it may 
be advisable to resort to a cyanide based copper plating 
solution. 

Deposition failure 
If this occurs check that: 
o All electrical connections are clean, securely intact 

and operational. 
o The anodes are not passive. Use a scratch brush to 

scrub the anodes clean before returning them to the 
electroplating solution. 

o The solution is not contaminated. Volumetric analysis 
and filtration procedures can be employed to maintain 
the solution in a good condition. 

Failing this the problem may be due to a badly prepared 
substrate surface possible caused by: 
o Inadequate surface cleansing. 
o The application of a poor quality / contaminated 

metallizing medium. 

Copper Cyanide Solutions 
In addition to the basic acid copper sulphate solution, the A/C may in 
special circumstances find it necessary to employ an alkaline copper 
cyanide based electroplating solution. The exploitation of such solutions, 
can ONLY be recommended for performing those electrodeposition tasks 
which are not capable of completion using conventional copper sulphate 
solutions. As such the use of copper cyanide solutions should be limited to 
two specific scenarios: 
1. To electroplating copper onto "reactive metals" (e. g. zinc, steel and 

iron). This is essential as acid copper sulphate electroplating solutions 
react with these metals, causing solution contamination and the 
formation of poorly adherent immersion deposits. 
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These metals must first receive a preliminary deposit of metal from 
a copper cyanide solution (usually referred to as a copper "strike" or 
"flash" deposit), before being thoroughly rinsed and transferred to an 
acid copper sulphate solution, which is more suitable to rapid / heavy 
metal deposition. 

2. To electroplating very complex shapes and forms. The main 
advantage of copper cyanide solutions is that they possess a superior 
throwing and covering power. 

HEALTH and SAFETY 
NB. Cyanide is toxic, dangerous and highly corrosive and must be handled 

with the upmost of caution. A knowledge of how to handle and store this 
chemical is essential, and it is therefore imperative that reference is made 
to the fundamental guidelines and information held in Section 1 of the 
Appendix. A/C wishing to use cyanide MUST first seek advice from a 
reputable plating establishment. 

Categorisation of copper cyanide solutions 
Three main types of copper cyanide solutions are currently available, all of 
which are used extensively within commercial applications. These are the 
general purpose Low Efficiency / Standard solution, the Rochelle Salt 

solution and the High Speed / High Efficiency solution. The electroplating 
solution most highly recommended for use, is the general purpose low 
efficiency solution. This solution is conventionally used for decorative 
applications, (as a flash undercoating to bright nickel) rendering it ideal / 
particularly suitable for the creative pursuits of the A/C. Based on a 
sodium cyanide complex this solution demands more precise maintenance 
and control than an acid copper sulphate solution, but it is relatively simple 
to operate and fairly cheap to run making it both practical and feasible for 
exploitation by the A/C. 

Standard copper cyanide solutions are most appropriate to depositing 
very thin coatings of metal, generally between 0.01- 0.1mm (0.0004 - 
0.004 in. ) thick. This as the name suggests, is because they only possess a 
very low cathode current efficiency - approximately 50%. This means that 
only half of the current consumed in the process is directly used in 
depositing copper. 

The low-efficiency copper plating solutions discussed here are 
especially suitable for electrodepositing metal onto glass, because they 
operate at lower temperatures of around 50°C (122°F). However, it is 
worth re-iterating that cyanide solutions are NOT generally advocated for 
electrodepositing freshly metallized glass substrates (This is explained in 
the introduction to Section C- Silver Plating Solutions). Initial deposition 
should occur from an acid copper sulphate solution, before thoroughly 
rinsing the artefact (as referred to in Section 1 of the Appendix, on health 
and safety guidelines) and transferring it to a copper cyanide solution. This 
procedure will only be necessary if a uniform deposit of metal is required 
on very complex deeply recessed forms. 

(NB: Where very thick / heavy deposits of copper are required on very 
complex forms, it may be necessary to use a high efficiency solution. For 
further information reference should be made to Section 6 of the Appendix 
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where examples of formulations for both potassium and sodium based 
solutions are referred to in greater detail. ) 

Low efficiency copper cyanide solutions 

(i) Composition 
Copper cyanide solutions can be obtained as proprietary products from any 
reputable plating company. The basic chemical composition of this type of 
solution is delineated in the following table: 

Table 4/8. Copper Cyanide Solutions 

Chemical Constituent Composition 
(Source of reference) (Blum + Hogaboom 1949, p. 295 and Newman 1979, p. 58)) 

" " U. S. A.. British 
/1 oz/ gal oz/ gal 

Copper Cyanide 22.5/22 3/2.9 3.6/3.5 
Sodium Cyanide 34/35 4.5/4.6 5.4/5.6 
Sodium Carbonate 15 2 2.4 
Operating conditions 
Temperature 20-40°C 6&-105°F 
Current Density 0.5-1.6A/dm2 5-15Asf 

Copper deposited from a cyanide based solution tends to be fine grained 
and highly reflective. 

(ii) Functioning of constituents 
Copper cyanide 

This provides the source of metal ions to be deposited. 
During deposition the copper concentration of the solution 
will be replenished by the dissolution of the anodes. 

Sodium cyanide 
This is necessary to complex the copper and form a stable 
electroplating solution. An excess quantity of cyanide over 
and above that required to form this complex is present in 
all cyanide solutions. Referred to as "free cyanide" this is 
essential to maintain the solutions conductivity, promote 
anode corrosion and prevent the formation of non- 
adherent immersion deposits. 

Sodium carbonate 
This buffer is present to control the pH of the solution. 

(iii) Mixing copper cyanide solutions 
This solution is fairly simple to prepare. However, due to the highly toxic 
nature of the chemicals involved, this procedure must NOT be undertaken 
by the A/C unless: 
o Strict supervision and advice is available from a professionally 

acknowledged plating specialist 
o The necessary health and safety precautions are taken (as referred to 

in Section 1 of the Appendix). These are essential and must be strictly 
adhered to at ALL times. 

Method 
Measure out half the intended volume of solution as warm deionized 
water. Dissolve the sodium cyanide into the water. Stirring constantly, in 
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small graduations slowly add the copper cyanide salt to the sodium 
cyanide solution. (Exercise particular care as: (i) Copper cyanide is sold in 
the form of a very fine dust. This presents a health hazard, it is therefore 
essential to wear a dust mask and, (ii) This reaction is exothermic and 
generates a considerable amount of heat. ) The sodium carbonate can then 
be dissolved and introduced to the solution. Finally, add the remaining 
water to make the solution up to the required volume and mix thoroughly. 
Use a dummy cathode to "plate-out" the solution within the recommended 
current density range. 

(iv) Operating parameters 
Temperature 

Slightly above room temperature. Usually between 30- 
40°C (86 -105°F). Within this range, higher temperatures 
increase the cathode efficiency of the solution enabling 
higher current densities to be used (facilitating faster 
deposition). However increases in temperature should not 
exceed the designated operating limits, since this causes a 
rapid decomposition in the cyanide and a deterioration in 
the condition of the solution. 

Current density range 
Between 0.5-1.6 A/dm2 (5 - 15 Asf). At room 
temperature, the optimum CD is 0.5 A/dm2 (5 Asf). 
Higher current densities may be achieved by increasing 
the copper concentration of the solution, (as referred to in 
section vi) or by using a higher operating temperature (this 
may however, increase the evolution of gas at the cathode 
surface). At 40°C (105°F), the optimum CD is 1.6 A/dm2 
(15 Asf). To minimise stress and promote adhesion it is 
recommended that glass is electrodeposited at a current 
density of between 0.2 - 0.5 A/dm2 (2 -5 Asf) 

Anodes 
High grade copper anodes. These should be protected in 
polypropylene anode bags. Recommended anode to 
cathode surface area is 1: 1. However, where high current 
densities are used the anode to cathode ratio should be 
increased to 2: 1. 

Agitation 
Cathode rod movement or (low pressure) air agitation is 
recommended for use. The latter is usually preferred 
because it allows higher current densities to be used 

Filtration 
Periodic filtration using a paper and plate type filter. 
Continuous filtration is not necessary. 

Plating rate 
The plating rate of this process is rarely specified as the 
solution is primarily used for flash deposits. However, at 
1.6 A/dm2 (15 Asf) - 2.5µm (0.0001") of copper will be 
deposited in 3.8 minutes -- 25µm (0.001") in 38 minutes 
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1 ampere hour will deposit 2.372 grammes (0.0837 oz) of 
copper. (Based on a current efficiency of 100%) 

pH 
11.5-12.5 

(v) Modifying the solution 
Commercially prepared proprietary products are now available for 
producing smoother deposits. Sodium thiosulphate is also commonly used 
as a grain refiner. However, this may alter the colour of the deposit from a 
red to a more pink copper. 

Harder deposits 
May be obtained by lowering the operating temperature of the solution, 
increasing the current density and increasing the cyanide concentration. 

Softer deposits 
May be obtained by increasing the operating temperature of the solution, 
lowering the current density and reducing the cyanide concentration. 

Higher current density ranges 
May be promoted by increasing the copper concentration of the solution 
and using a higher operating temperature. (During deposition, this may 
result in the increased evolution of gas at the cathode surface) 

(vi) Maintenance of copper cyanide solutions 

Solution analysis 
Copper cyanide solutions should be analysed at regular intervals to 
monitor and adjust the concentration of copper and free cyanide, and to 
assess carbonate levels. These tests can be conducted by employing the 
expertise and services of a by professional plating company. 

Adjusting the free cyanide concentration from its recommended level 
will alter the rate of deposition / current density range of the solution. 
Additions of sodium cyanide will lower the rate of deposition, whilst 
excess copper cyanide will conversely increase the rate of deposition. 
Regular additions of sodium cyanide are usually necessary to increase / 
maintain the free cyanide concentration. Where analysis reveals that it is 
necessary to reduce the free cyanide concentration, additions of single 
copper cyanide can be made to the solution using the following formula. 
Add 1.0 g/l of single copper cyanide for every 1.1g/l excess of sodium 
cyanide present. (Imperial: 1.0 oz/gal of single copper cyanide for every 
1.1oz/gal excess of sodium cyanide). An addition of 1 g/1 of single copper 
cyanide will raise the copper content by 0.7 g/l. (Imperial: 1 oz / gal single 
copper cyanide will increase the copper concentration by 0.7 oz/gallon) 

Excess carbonate levels are particularly likely to build up in copper 
cyanide solutions which operate at a high temperature, as such "high- 
efficiency" solutions are especially susceptible to this problem. This is 
because the cyanide destabilizes and breaks down to from carbonates, 
which reduce the conductivity of the solution and inhibit successful 
electrodeposition. Normally excess carbonates can be precipitated out of 
the solution using barium hydroxide, calcium hydroxide or lime. 
Alternatively excess carbonates can be eradicated by placing the 
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electroplating solution outside in cold weather. Carbonates are insoluble at 
low temperatures and will precipitate out to form crystals around the sides 

and bottom of the tank. The solution can then be poured off leaving the 

carbonate crystals behind for appropriate disposal. Though more 
sophisticated, freezing techniques which exploit this principle are 
frequently used within commercial scenarios. 

Observing fluctuations in the condition of the solution 
By regularly inspecting the visual appearance of the anodes it is possible 
to obtain a good indication of the solutions condition. Naturally these 
observations should be confirmed through volumetric analysis, before any 
additions / alterations are made to the solution. Typically: 

o Anodes which become very bright and crystalline in appearance may 
indicate an excess of free cyanide. This will reduce the efficiency of 
the solution and cause fizzing to occur at the cathode surface. The 

resulting deposit is likely to blister and be poorly adherent. 
o Anodes coated in a green sludge may indicate that the free cyanide 

concentration of the solution is too low. In extreme cases the anodes 
will become passive and fail to dissolve properly, inhibiting 
deposition. 

(vii) Solution contamination 
These solutions are particularly susceptible to contamination, from zinc, 
chromium, lead, sulphur, nickel, organic materials and grease. 

WARNING: It is absolutely essential for health and safety reasons to 
avoid any direct contact between cyanide and acid plating solutions. This 

may be minimised by taking the following precautions: 
o NEVER position these solutions in close proximity to one another in 

the workshop. 
o When transferring an artefact from an acid solution to a cyanide 

solution (or vice-versa) ALWAYS thoroughly rinse the object in a vat 
of running water for at least 10 minutes. This is a critical intermediary 
stage. 

N. B: Low efficiency copper cyanide solutions are not as sensitive to 
contamination as high-efficiency solutions. 

(viii) Common faults encountered in using copper cyanide solutions. 
Rough deposits 

o Are caused by the presence of copper oxide particles 
suspended in solution. As these are mobile and float, 
they may adhere to and become incorporated in the 
cathode surface resulting in an uneven nodular 
deposit. Anode bags can be used to resolve this 
problem. 

If the roughness persists, 
o The solution may be contaminated. Purify the solution 

using filtration procedures. 
Dark (brick-red / brown) granular / powdery deposits 

Usually occur as a result of. 



Burdett, G. 1998 Chapter 4- Principles and Practice [4C] 170 

o Using too high a current density. This can be resolved 
by simply lowering the amperage used. 

o Inadequate agitation. Use mechanical agitation (Air 

agitation should not be used in cyanide based 

solutions). 
Incoherent deposits and gassing during deposition 

o Indicates the presence of an excessive quantity of free 

cyanide. Analyse the solution before making any 
modifications / additions. 

Poor adhesion - blistering 
o The primary cause of poor adhesion is inadequate 

substrate preparation. It is therefore essential to ensure 
that all substrates have been thoroughly cleansed prior 
to deposition. 

o Check the cyanide concentration of the solution is 

correct through volumetric analysis. 
Deposition failure 

If this occurs, check that: 
o All electrical connections are clean, securely intact 

and operational. 
o The anodes are not passive. Use a scratch brush to 

scrub the anodes clean before returning them to the 
electroplating solution. 

o The free cyanide concentration of the solution is 

correct through volumetric analysis. 
o The substrate surface has been adequately prepared 

and cleaned. 

Section B: Nickel Plating Solutions 

Nickel is considered to be one of the most important and versatile 
electroplating metals. It is recommended as an excellent learning aid for 
the A/C because it promotes a rapid understanding and assimilation of 
knowledge on the finer points and principles of the deposition process. 
This is because nickel plating solutions exhibit a far greater susceptibility 
to factors such as anode passivation, stress, pH control, pitting and to the 
effect of addition agents. As such nickel solutions are infinitely more 
difficult to control. The extreme sensitivity of nickel solutions allows the 
A/C to come directly into contact with many of the intrinsic problems 
likely to be encountered in using electroplating processes in general. 

Nickel plating solutions have been the subject of extensive research. 
Most notably this is because in terms of annual consumption electroplating 
applications account for a very high percentage of the total world output of 
nickel, and secondly, because the extreme sensitivity of nickel plating 
solutions to additives and contamination renders them of particular 
scientific / technical interest. 
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Solutions recommended for use by the A/C 
As a result an extensive range of nickel plating formulations are now 
available. Of these two types, namely the nickel sulphamate and Watts 

nickel solutions are particularly recommended for creative exploitation by 

the A/C. As delineated below each of these solutions is used for a specific 
purpose. The selection of an appropriate bath and operating parameters 
will depend upon balancing the practitioners needs, that is the feasibility of 
producing the type of deposit required (e. g. thin, thick, hard, soft, dull, 

reflective, within the predetermined stress tolerances) against the financial 

cost. As such it is advisable for the individual practitioner with specific 
requirements to seek advice from a local electroplating company. 
Consultation will give rise to information on recommended proprietary 
nickel solutions and stipulate guidelines for their use. 

Procedures for recommended electrodepositing nickel onto glass 
Nickel deposition is rarely used (in relationship to glass) as a decorative 
finish in its own right, it is frequently used as a preliminary / base coat 
preparation for the subsequent electrodeposition of gold or silver onto 
glass. This precursory stage is necessary as neither gold or silver are 
capable of forming strongly adherent coatings when electodeposited 
directly onto glass substrates. Preparing the glass in this manner involves a 
two stage nickel plating procedure (referred to below). This is essential to 
acquire the "low-stress" foundation, which will facilitate any subsequent 
gold or silver deposition to form a tenaciously adherent bond with the 
glass. 

Stage 1: Electrodepositing glass from a nickel sulphamate solution 
The initial electrodeposition of a freshly metallized glass surfaces must be 
conducted using a nickel sulphamate solution 
These solutions are very pure and as such are capable of electrodepositing 
almost stress-free, dull, deposits of nickel. This stage is essential to: 
o Provide good adhesion between the metal and glass 
o To build up the required decorative thickness of metal 

Stage 2: Electrodepositing glass from a Watts bright nickel solution 
This is followed by secondary deposition using a Watts bright nickel 
solution. This is essential to: 
o Produce a highly reflective deposit of nickel. Gold and silver solutions 

do not possess very good "brightening" systems (which means they 
naturally deposit metal in a dull / semi-matt condition), they therefore 
need to be deposited on to a lustrous surface if a bright, decorative 
finish is to be produced. 

As such the following explanation on nickel deposition will relate directly 
to employing the above two solutions for this specific application of 
preparing glass for the precious metal deposition of gold or silver. (To 
provide a comprehensive overview of this process, reference should be 
made to Section 9 of the Appendix. ) 
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Nickel Sulphamate Solutions 
These solutions are appropriate to producing very thick, heavy deposits of 
nickel and are therefore widely exploited in decorative and electroforming 
applications. They operate at high current densities to facilitate rapid 
deposition. 

Nickel sulphamate solutions are ideal for electrodepositing metal onto 
freshly metallized / sensitised glass surfaces. They have been adopted for 
this purpose because in conjunction with the principle of encapsulation 
they successfully produce durable, deposits. This (as explained in Sections 
7A & 7B of the Appendix. ) is because the nickel is deposited in a very low 
tensile (or slightly compressive) state of internal stress which promotes 
tenacious adhesion. This together with low operating temperatures, renders 
nickel sulphamate solutions especially suitable to this application. 
However, because stress free deposits are only produced from high purity 
nickel sulphamate solutions, cleanliness and good maintenance are of 
paramount importance. 

(i) Composition 

Table 4/9. Nickel Sulphamate Solutions 

Chemical Composition Range Example 
Constituent Solution No: 1 
(Sane of reference) (Hal 1977. p. 276) (Adams) 

" "U. S. A British U. S. A British 
g/l oz/ al oz/ gal /l oz/ al oz/ gal 

Nickel Sutphamate 270-330 36-44 43.2-52.8 250 33.3 40 
Boric Acid 30-45 4-6 4.8-7.2 40 5.3 6.4 
Nickel Chloride 15 2 2.4 10 1.3 1.6 
Operating conditions 
p. H. 3.5-4.2 3.5-4.2 
Temperature 24-71°C 75-160°F 35-40°C 95-104°F 
Current density 2.0-15A/dm2 20-14OAsf up to 6.5A/dm2 up to 60 Asf 

These solutions produce dull, smooth, matt deposits of nickel. 
(ii) Function of constituents 
Both the nickel sulphamate solution discussed here and the Watts nickel 
solution discussed later contain the same basic constituents in both 
instances these perform identical functions. 
Nickel sulphamate (or nickel sulphate in Watts nickel solutions) 

This provides the main source of nickel ions, which are 
replenished during deposition by the dissolution of the 
anodes. The nickel ion concentration determines the 
current density range. Usually higher nickel 
concentrations permit higher current densities to be used, 
which in turn facilitates the faster deposition of metal. 

Boric acid 
This acts as a buffer, stabilising the pH of the solution. It 
also promotes the formation of finer, whiter and more 
ductile deposits of nickel. 

Nickel chloride 
This is not essential, but is recommended for use in nickel 
sulphamate solutions because it aids anode corrosion. It 
also increases the conductivity and throwing power of the 



Burdett, G. 1998 Chapter 4- Principles and Practice [4C] 173 

solution. However care must be taken to ensure that 
excessive quantities of nickel chloride are not introduced 
to nickel sulphamate solutions, as this induces stress 
within the deposit and results in poor adhesion. Chloride 
also produces harder deposits. This chemical is most 
commonly used in Watts Nickel solutions. 

(iii) Mixing nickel sulphamate solutions 
Before mixing these solutions reference should be made to the health and 
safety guidelines delineated in Section 1 of the Appendix. The A/C should 
also ensure that suitable precautions and protective garments are worn. 

Method 
Half fill the tank with clean deionized water. Introduce the required 
quantity of nickel sulphamate and dissolve thoroughly. Then add the boric 
acid and nickel chloride (stirring continuously), before bringing the 
solution up to the required volume with further additions of water. Using a 
suitable gauge check the pH value of the electroplating solution and alter 
accordingly using the methods outlined in section (vi). Finally, use a 
dummy cathode to test and "plate-out" the solution at a current density of 
0.5 A/dm2 (5 Asf) for 8-10 hours, followed by 1.0 A/dm2 (10 Asf) for 20 
hours. 

(iv) Operating parameters 
Temperature 

Usually upwards of 25°C (77°F). For the purpose of 
electrodepositing metal onto glass, lower temperature 
solutions (below 35°C / 95°F) are recommended for use to 
minimise stress and poor adhesion. For more general 
electroplating applications, higher temperatures may be 
used. However, temperatures in excess of 70°C (158°F) 
should be avoided as this causes the nickel sulphamate to 
undergo hydrolysis and the solution to decompose. 

Current density range 
Usually between 2.0-6.5 A/dm2 (20-60 Asf. ). For freshly 
sensitised glass substrates an initial deposition rate of 1.0 
A/dm2 (10 Asf) is recommended for use. 

Anodes 
Electrolytically refined nickel anodes - These should be 
99.99 % pure. 

Agitation 
Constant air agitation is required. This is essential if high 
current densities are to be used. 

Filtration 
Continuous filtration over activated carbon is essential to 
maintain the purity of the solution and produce low 
stressed deposits. This should be supplemented by 
occasional additions of (1 ml/1(0.16 floz/gal)) hydrogen 
peroxide. This oxidizes the organic residues enabling them 
to be filtered / extracted from the solution. 
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Plating rate 
At 2.0 A/dm2 (20 Asf) - 2.5 pm (0.0001 ") of nickel will 
be deposited in 6 minutes - 25 µm (0.001") in 60 minutes. 
1 ampere hour will deposit 1.095 grammes (0.0386 oz) of 
nickel. (Based on a current efficiency of 100%) 

pH 
3.5-4.2. Stress is at a minimum between 4-4.2 

(v) Modifying the solution 
To avoid creating stress in the resulting deposit the solution must be 

retained in a high state of purity. Additives should therefore be avoided 
wherever possible . 
(vi) Maintenance of nickel sulphamate solutions 

Solution analysis 
Nickel plating solutions are notoriously sensitive to fluctuations in 

composition and changes in the operating conditions, it is therefore 
essential for solutions to be regularly analysed to check nickel, boric acid 
and chloride concentrations. It is recommended that the A/C seeks 
professional advice and practical assistance in controlling these solutions 
until a sufficient knowledge of the process has been acquired to facilitate 

reliable self-analysis. 

Maintaining the correct pH 
During normal service, nickel plating solutions will generally be 

susceptible to an increase in the pH level. This must be corrected if the 
solution is to be maintained in an optimum condition and good results are 
to be obtained. The pH of a solution can be tested using comparator paper, 
and, where necessary adjustments can be made by implementing the 
following procedures: 
To increase the pH level: Make additions of sodium hydroxide (caustic 

soda). Extract a sample of the plating solution 
from the tank, and add a small amount of 
caustic soda to produce nickel hydroxide. Small 

amounts of this solution can then be added to 
the main plating solution with much (vigorous) 
agitation and mixing until the correct pH is 
obtained. 

To reduce the pH level: Make additions of sulphamic acid: This can be 
diluted in four times its own volume of warm 
water and added slowly in small incremental, 
doses until the correct pH is obtained. 

For information on (vii) Solution contamination and (viii) Common faults 

reference should be made to the following section on Watts nickel 
solutions. 

Watts Nickel Solutions 
Watts nickel solutions are used extensively for decorative and 
electroforming applications, making them ideal for exploitation by the 
A/C. 



Burdett, G. 1998 Chapter 4- Principles and Practice [4C] 175 

These solutions are inappropriate for directly electrodepositing metal 
onto glass. However, they can be used to establish an intermediary bright 

nickel deposit on glass objects which have previously received a 
preliminary dull deposit from a nickel sulphamate solution, in preparation 
for the subsequent deposition of a bright silver or gold plate. The bright 
nickel must be deposited in a state of low stress in order to retain good 
adhesion between the metal and glass. This in turn relies emphatically 
upon the stringent control and maintenance of the solution. Bright Watts 
nickel solutions deposit metal in a slightly tensile state of stress. 

(i) Composition 
Many bright nickel plating solutions are commercially available which are 
appropriate for this purpose. Typical proprietary products include 
Canning's "Nisol 80" and "R850 Bright Nickel" Solutions. Examples of 
alternative Watts bright nickel solutions are shown in Table 4/10. All 
Watts nickel solutions are based on nickel sulphate. 

(ii) Function of constituents 
Refer to the information given in relationship to nickel sulphamate 
solutions. 

(iii) Mixing Watts nickel solutions 
Before mixing this electroplating solution reference should be made to the 
health and safety guidelines delineated in Section 1 of the Appendix. The 
A/C should also ensure that protective garments are worn. 

Method 
Stirring constantly, dissolve the nickel sulphate and nickel chloride in 75% 
of the total volume of hot deionized water. Then dissolve the boric acid 
(sold in the form of a solid crystals) into the nickel solution using constant 
stirring and agitation. Next, add the remaining hot water to bring the 
solution up to its working volume and filter continuously. Finally, after 
correcting the pH use a dummy cathode to "plate-out" the solution 
overnight at a current density of 4 A/dm2 (40 Asf). 

(iv) Operating parameters 
Temperature 

Lower temperatures of 35-45°C (95-113°F) are 
appropriate for electrodepositing metal onto glass, 
However, this may restrict the current density range of the 
solution and necessitate the use of a higher voltage. (This 
is because higher temperatures favour increased solution 
conductivity, which in turn promotes the use of higher 
current densities). 

Current density range 
Between 2.5-1 IA/dm' (25-100 Asf). The operating range 
of the solution may be widened by using vigorous 
agitation and increasing the chloride concentration. 
However, the latter option is not generally recommended 
for use because it increases stress levels within the 
deposit. Generally higher nickel concentrations, elevated 
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Anodes 

Agitation 

Filtration 

Plating rate 

pH 

temperatures and increased agitation, together with lower 

pH readings allow higher current densities to be used. 

Nickel pellets in titanium anode baskets are frequently 

used. These are fairly cheap compared to solid nickel 
anodes and provide a larger surface area for promoting 
anode dissolution. The anode baskets should be enclosed 
in polypropylene anode bags. 

Continuous agitation is important. Vigorous air agitation 
is preferred because it permits the use of higher current 
densities and yields a more uniform deposit. 

Continuous filtration through cellulose filter powder. 

At 2.0 A/dm2 (20 Asf) - 2.5 µm (0.0001 ") of nickel will 
be deposited in 6 minutes -- 25 µm (0.001 ") in 60 minutes. 
1 ampere hour will deposit 1.095 grammes (0.0386 oz) Of 

nickel. (Based on a current efficiency of 100%) 

Between 4.2-4.5. Lower pH's give a broader current 
density range but also reduce the efficiency and throwing 
power of the solution. 

Notes 
Variations in composition, temperature, pH and agitation all have a 
profound and fundamental effect upon the operating efficiency of the 
solution and the properties of the resulting deposit. Watts nickel solutions 
usually produce very low stressed deposits (but not as low as those from 
pure nickel sulphamate solutions). One of the most important 

consequences of altering these variables is the resulting effect upon the 
level of internal stress in the metal deposited. To promote good adhesion 
in electrodepositing metals onto glass and to maximise the chances of 
obtaining successful results in decorative and electroforming applications, 
stress must be maintained at a low level. In view of this, the A/C may find 
the following information to be of assistance: 

Increases in tensile stress occur when: 
o The chloride level of the solution is increased. 
o Higher current densities are employed. 
o Certain additives including anti-pittants and class II brighteners are 

added to the solution. 
Decreases in tensile stress occur when: 
o Lower levels of agitation are used. 
o The pH of the solution is maintained below 5. 
o Class 1 brighteners are added to the solution. (Saccharin is also 

sometimes added to bright nickel solutions to reduce stress. ) 
Reference should be made to Sections 7A & 7B of the Appendix, 
where the phenomena of stress is illustrated and explained in greater 
detail. 
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(v) Modifying the solution 

Brighteners 
The Watts nickel solution can be modified to yield lustrous deposits 

through the addition of "brighteners". These do not interfere with either the 

basic composition or operating parameters of the solution. Many 

brighteners exist in the form of commercially available proprietary 

products. Their composition is seldom revealed making their discussion 

impossible. However, their effectiveness can be maximised by using 

recommended operating conditions (usually specific temperatures and 

pH's are stipulated). It should be noted that bright watts solutions are far 

more susceptible to contamination than dull solutions and therefore require 
more rigorous maintenance. 

Most proprietary brighteners for nickel plating solutions consist of 
two products designated as class I and class II brighteners. These have a 

complementary effect in producing highly reflective finishes. 
Class I brighteners (primary brighteners) 

These sulphur based compounds produce hazy, semi- 
bright deposits. They are used in fairly large quantities 1- 
10 g/l (0.16-1.6 imperial oz/gal). The regulation of class 1 
brighteners is not critical as they do not adversely effect 
either the adhesion properties of the deposit or the current 
density range of the solution. They have a natural 
tendency to reduce internal stress within the metal 
deposited. 

Class II brighteners (secondary brighteners) 
These operate in conjunction with class I brighteners to 

produce highly reflective, lustrous nickel deposits. They 

usually comprise of an organic carbon containing 
compound. These must be used more conservatively, as 
without due care they increase internal stress within the 

metal deposited (NB: Used on their own class II 
brighteners result in poorly adherent, brittle and highly 

stressed deposits). 
The brightening systems designed for Watts nickel solutions are extremely 
effective but complex. Invariable they contain other compounds such as 
"levellers" which are used to produce smoother deposits. It is therefore 
advisable for the A/C to seek advice through consultation with a local 
electroplating company. 

Antipitting agents 
Nickel watts solutions possess a cathode current efficiency of 97%. This 

means that the other 3% of electricity is consumed in the formation of 
hydrogen gas, a by-product of the deposition process which is evolved and 
discharged at the cathode surface. It is worth reiterating that if these gases 
are trapped on the depositing surface, they will become occluded within 
the deposit resulting in the formation of "pits", tiny air holes / pores. 
Whilst these may be of aesthetic interest to the A/C (Refer to Chapter 7) 
they create an incipient weakness in the deposit which is detrimental to its 
physical constitution. Pits commonly evolve in undercuts or recessed areas 
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of the cathode surface where air bubbles are likely to become trapped. 
Proprietary products referred to as "anti-pitting agents" can be used to 

minimise and remedy this problem. These reduce the surface tension of the 

electroplating solution, enabling the hydrogen bubbles to be released. The 
"anti-pittants" appropriate for use vary depending upon to the type of 
nickel solution being used. These are outlined below: 

Dull Watts solutions 
Additions of hydrogen peroxide 0.5mU1(0.08 flozlgal)(30% concentrate) 
should be added to the solution on a daily basis to counteract pitting. 
(However this chemical must not be used in conjunction with organic 
brighteners). The breakdown product of this is water which has no 
detrimental effect on the solution. This treatment should be accompanied 
by solution filtration over activated carbon. 

Bright Watts solutions 
An appropriate substitute for bright nickel watts solutions is the "wetting 

agent" sodium lauryl sulphate. This is added in a concentration of 0.1-0.5 

g/l (0.016-0.08 imperial oz/gal) as and when the problem arises. Regular 
filtration over activated carbon is essential to remove organic 
contamination and enable the anti-pittants to operate effectively. 

The ductility of deposits may be increased by 

o Lowering the concentration of brightening additives. 
o Increasing the operating temperature. This makes the solution more 

conductive, enabling softer, more ductile deposits to be produced. 

(vi) Maintenance of Watts nickel solutions 

Solution analysis 
Professional assistance should be sought to regularly analyse the solution 
and monitor nickel sulphate, boric acid and chloride concentrations. 

If the solution becomes depleted in nickel, an addition of lg/1 of nickel 
chloride can be used to increase the total concentration by 0.25 g/1 
(Imperial: 0.25 oz/gal of nickel per oz/gal nickel chloride). If following 
this treatment re-analysis reveals that the nickel concentration of the 
solution is still deficient, a further addition of 4.5 g/l of nickel sulphate 
should be made for every g/1 deficiency of nickel (Imperial: 4.5 oz/gal 
nickel sulphate per oz/gal of nickel). 

Problems rarely arise from the presence of excessive concentrations of 
boric acid. This only occurs if the solution temperature falls too low, 
causing the acid to crystallise out on the anodes and sides of the tank. 

Maintaining the correct pH 
Comparator paper should be used to test the pH level of the solution and 
where necessary, adjustments can be made by implementing the following 
procedures: 
To increase the pH level: Make additions of sodium hydroxide (caustic 

soda) using the procedure outlined in 
relationship to nickel sulphamate solutions. 

To reduce the pH level: Make additions of pure sulphuric acid. This 
should be diluted in 4 times its own volume of 
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water and added in small graduations until the 
correct pH is obtained. 

(vii) Solution contamination 
The following are useful points of reference for minimising contamination: 

1. Metallic contamination: 
Small quantities of metallic impurities including copper, zinc, aluminium, 

chromium and iron, can have a profound effect on the physical properties 

and appearance of a deposit. For the A/C, copper arising from jigs and 

copper electrode wires is likely to be the main source of contamination. 
This can have an adverse effect at levels as low as 0.025g11(0.004 fl oz/gal 

- 25 parts per million) and can be observed relatively easily, since it is a 

condition which results in copper being deposited preferentially to the 

nickel in low current density areas of the cathode surface. If suspected, 
copper contamination can be confirmed by lowering a clean piece of 
nickel into an extracted sample of the solution. If copper deposition occurs 
it indicates that the solution is contaminated. This can be eliminated by 

using a corrugated scrap cathode to ""plating-out"" the solution 
(overnight) at a very low current density of 0.2 A/dm2 (2 Asf). This is 

referred to as electrolytic purification. Contamination with zinc and iron 

can also be treated in a similar fashion, using relatively high current 
densities. 

2. Organic impurities: 
Arising from the breakdown of additives and brighteners, organic 
impurities can be removed by regularly filtering the solution over activated 
carbon. However, this process is non-selective, and removes all organic 
compounds from the solution. Therefore after treatment fresh additions of 
brightening agents will be required to replenish the solution and return it to 

a good operating condition. 

3. Other sources of contamination: 
When preparing glass for electrodeposition, it is important to ensure that 
any residual traces of nitric acid used in preliminary cleaning procedures 
are not inadvertently dragged into the nickel plating solution as this will 
inhibit or even prevent deposition. Adopting thorough rinsing procedures 
will help to eliminate the chances of this problem arising. 

(viii) Common faults encountered in using nickel plating solutions 
Rough deposits 

Occur as a result of: 
o Using too high a current density. This produces 

black, burnt or powdery deposit. 
o Suspended particles / solution contamination. This 

is caused by debris being dragged into the 
electroplating solution on the surface of 
inadequately cleaned cathodes. Filtration procedures 
will purify the solution and help to resolve this 
problem. 

Pitting 
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Evident as tiny pin holes/pores in the surface of the metal 
this condition tends to result from: 

o Using poorly mixed electroplating solutions. 
o Excessively high current densities. 

o Sudden increases in the solution temperature. This 

causes excess gassing at the cathode surface. 
o Too low a pH. 
o The surface tension of the solution being too high. 

Streaky dark deposits 
o Indicate the solution is contaminated with metallic 

impurities. 
Poor adhesion 

The blistering or peeling of the deposit away from the 

substrate surface may occur as a result of: 
o Poor / inadequate cleaning and preparation of the 

substrate surface prior to deposition. This problem 
is most likely to occur when the process is used to 

re-plate an existing nickel surface. In this situation it 
is essential to ensure the surface is reactivated, as 
metal deposited onto a passive surface will form a 
non-adherent deposit. 

o Using a badly maintained or contaminated solution. 
o An incorrect pH - making the solution either too 

acid or too alkaline. 
oA break in the power supply / poor electrical 

contacts. 
Deposition failure 

May occur as a result of. 
o Using too low a current density. Check calculations 

to ensure that the correct current density is being 

used and modify the amperage accordingly. 
oA weak connection in the circuit. Check that all 

electrical contacts are clean, secure and fully 

operational. 
o Using a contaminated solution (especially from a 

drag-in of nitric or chromic acid). Employ 
volumetric analysis and filtration procedures to 
resolve the problem and return the solution to a good 
operating condition. 

oA badly prepared substrate - possible caused by 
inadequate surface cleansing or through the 
application of a poor quality / contaminated 
metallizing media. 

Section C: Silver Plating Solutions 

Before investing in a silver plating solution, it is advisable for the A/C to 
carefully consider certain fundamental technical, financial and safety 
implications. These will be outlined in the following discussion. 
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o Health and safety: Practically all silver plating solutions are based on 
cyanide. By nature cyanide is highly toxic, and handled with complacency 
can be dangerous or even lethal. Therefore, certain fundamental guidelines 
and precautions must be observed. These are outlined in Section 1 of the 
Appendix. This warning is essential to instil a realistic awareness, sense of 
responsibility and respect for obligatory health and safety considerations. 
Its' purpose is not to dissuade or discourage the enthusiastic A/C from 

exploiting the process. 
o Practical: The silver plating solutions summarised in the ensuing text, 

have been included primarily as background information to exemplify 
typical formulations. In view of the dangerous and toxic nature of the 
chemicals involved, the mixing of these electroplating solutions is NOT 
advocated for the newly initiated A/C practitioner unless professional 
assistance and supervision is readily available. Instead, for ease of 
installation and maintenance, it is highly recommended that a "proprietary" 
silver plating solution is purchased from a commercial electroplating 
company. This will forge a useful link with a professional organisation, 
and provide a vital point of reference which will be necessary to assist the 
A/C in exploiting the process to its full potential. 

When selecting a silver solution suitable to electrodepositing glass 
substrates, certain practical criteria must be taken into consideration. 
Although these have already been outlined in the introduction to this 
chapter, they are of fundamental importance and are therefore worth re- 
iterating. To optimise plating results, silver electroplating solutions which 
operate at elevated temperatures of above 50°C (122°F) should be 
avoided. Silver cyanide solutions which function at lower or preferably 
ambient temperatures are usually advocated to promote superior adhesion 
in electrodepositing metals onto glass. 

o Financial: By nature silver plating solutions (as with gold) are 
notoriously expensive to purchase and maintain, and the feasibility of 
running such a facility will largely be dependent upon the ability of the 
A/C to utilise the solution to its full production capacity (i. e. in small scale 
studio production ranges). Where the employment of the process is likely 
to be infrequent or ad hoc, it may be financially expedient to adopt a 
different approach. In such circumstances, it is recommended that the A/C 
seeks assistance from a small local plating company to electrodeposit 
specific artefacts and small quantities of work as and when required. This 
will prove to be an efficient and convenient way of avoiding many of the 
difficulties and commitments of maintaining such a complex electroplating 
solution. Furthermore for the A/C practitioner creative compromise will be 
kept to a minimum by pursuing this course of action, since the personal 
preparation of the pieces (through the base plating of the object with silver 
or copper) will ensure that the individuality and personal integrity of the 
artefacts is retained. 

Solutions recommended for use by the A/C. 
The first silver plating solutions were pioneered by the Elkington brothers 
and in principle have changed little since their introduction in the 1840's. 
The most successful and practical solutions are based on either potassium 
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silver cyanide or sodium silver cyanide. Potassium based solutions are 

generally considered to be superior within industrial scenarios, because 

they possess greater conductivity which is advantageous in allowing 
higher current densities to be used, and in facilitating faster and finer 

grained metal deposition. However, by comparison the financial 

expedience, ease of operation and greater stability of sodium solutions 
renders them potentially more practicable to exploitation by the A/C. 
Therefore the solutions recommended for use within the context of this 
thesis are based on sodium cyanide (For further information on potassium 
based silver solutions reference should be made to Section 8 of the 
Appendix). 

Additional attributes / benefits of using silver cyanide solutions 
include the fact that they have a 100% cathode current efficiency (all 

electrical current is used directly in electrodepositing silver) and excellent 
throwing power (ability to electrodeposit complex forms). 

Procedures for recommended electrodepositing silver onto glass 
It is not advisable to electrodeposit silver directly onto a freshly metallized 
glass substrates. This is because cyanide has a tendency to rapidly dissolve 

and destroy the exposed sensitising media prohibiting the formation of an 
adherent deposit. This corrosive action is especially evident where delicate 

copper pastes and chemical reduction (mirroring) procedures are used to 
instil conductivity. Whilst it is permissible, to deposit silver directly onto 
glass where much stronger chemically bonded metallizing agents such as 
silver / gold lustre's, or temperature cured silver aquadags are used, this 
approach cannot be recommended for use if optimum adhesion is to be 

obtained. Technically to promote adhesion and facilitate a superior metal 
to glass bond, it is beneficial to deposit an intervening base metal of 
copper (from a copper sulphate solution) or nickel (from a nickel 
sulphamate solution) onto the glass as a precursory stage to subsequent 
silver deposition. This foundation should form a continuous and 
encapsulating film of metal around the glass substrate and for strength be 
approximately 5 microns (0.005mm - 0.00020 inches) thick. Scrupulous 
care must then be exercised by thoroughly rinsing the objects in running 
water prior to transferring them to a silver plating solution. 

Producing a tenaciously adherent silver deposit on copper or nickel plated 
glass substrate involves a two stage process. 

Stage 1: Electrodepositing glass from a silver strike solution 
Initial deposition must be conducted using a silver strike solution. This is 
because on direct exposure to conventional silver plating solutions, non- 
ferrous metals such as copper or nickel spontaneously form very weak, 
non-adherent immersion deposits. (This is a result of, silver being 
preferentially deposited through a process of chemical reduction as oppose 
to electrolytic action). 
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Stage 2: Electrodepositing glass from a conventional silver plating 
solution 
Only after this preliminary strike can the objects be transferred to the 
second stage of the process and undergo electrodeposition from a 
conventional silver plating solution. This is necessary to deposit a 
decorative coating of heavier and thicker silver. 

Practical guidelines for using the silver strike and the conventional 
silver plating solutions are outlined in detail in the following chapter. The 
A/C wishing to adopt this procedure should also make reference to Section 
9 of the Appendix, where the above recommended procedures for 
electrodepositing silver onto glass are clarified in greater detail. 

Silver Strike Solutions 
A flash of metal electrodeposited from a strike solution promotes 
tenacious adhesion between the silver and the underlying base metal, and 
is a precursory stage to conventional silver plating. As the term strike 
suggests, this is a rapid process in which the substrate is immersed for a 
maximum of two minutes to receive an extremely thin film of metal. 

(i) Composition 
Silver strike solutions differ from normal silver plating solutions, in so far 
as they possess an extremely high concentration of cyanide and a very low 
concentration of silver. 
Table 4/11. Silver Strike Solutions 

Chemical Composition Range Example 
Constituent Solution No: 1 
(source of reference) (untracM 1982. p. 690) (pllard 1969, p. 190) 

"U. S. A British U. S. A British 
gI oz/ al oz/ al oz/ al o2/ al 

Silver Cyanide 3.7-5.2 0.5-0.7 0.6-0.8 3 0.4 0.48 
Sodium Cyanide 60-90 8-12 9.6-14.4 62 8.3 9.9 
Sodium Carbonate 9 1.2 1.4 --- 
Operating conditions 
Temperature 21-29°C 70-85°F Ambient / Room Temperature 
Current density 1.5-2.5A/dm2 15-25Asf 1.5-2A/dm2 15-20Asf 

This type of solution is designed to produce a thin deposit/flash of silver. 
(ii) Function of constituents 
Refer to the information given in relationship to standard silver plating 
solutions. 

(iii) Mixing silver strike solutions 
Due to the highly toxic nature of the chemicals involved this procedure 
must NOT be undertaken by the A/C unless: 
o Strict supervision and advice is available from an acknowledged 

electroplating specialist. 
o The necessary health and safety precautions are taken (referred to in 

Section 1 of the Appendix). These are essential and must be strictly 
adhered to at ALL times. 
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Method 
Measure out half the required volume of solution as deionized water. 
Using constant agitation dissolve the sodium cyanide into the water. Then 

slowly add the silver salts and dissolve thoroughly before adding the 
sodium carbonate. Finally bring the solution up to the required volume by 
adding the remaining water. To prepare a potassium based silver cyanide 
solution, follow the same procedure, but replace the sodium cyanide with 
potassium cyanide and the sodium carbonate with potassium carbonate in 
the appropriate / specified quantities. The high purity of silver salts makes 
it unnecessary to "plate-out" strike solutions prior to use. 

(iv) Operating parameters 
Temperature 

Ambient, 20-30°C (68-86°F) 
Current density range 

Usually between 1.6-2.5 A/dm2 (15-25 Asf). A current 
density of 1.0 A/dm2 (10 Asf) is recommended for 
electrodepositing metals onto glass. 

Anodes 
18/8 stainless steel insoluble anodes are recommended for 
use in silver strike solutions. Anode hooks and racks 
should also be made of stainless steel. 

Agitation 
Mechanical agitation is advisable. Air agitation must NOT 
be used in silver cyanide solutions (as this results in the 
rapid decomposition of the solution). 

Filtration 
None. Filtration procedures are not necessary. 

Plating duration 
Typically 15-20 seconds will produce a strike / flash of 
silver. 

pH 
11 - 12. This must be monitored to prevent the pH falling 
below 10. Too low a pH will render the solution 
inefficient and could result in the emission of poisonous 
gases 

Notes 
Avoid: 
o Storing the solution in metal containers. 
o Positioning the solution in close proximity to acid based solutions. 
(v) Modifying the solution 
Silver strike solutions rarely undergo modification. To increase or 
decrease the pH level use the methods referred to in relationship to 
standard silver plating solutions 

(vi) Maintenance of silver strike solutions. 
Silver strike solutions are unstable and have a relatively short life span. 
(The darkening of the electroplating solution is usually the first indication 
that the solution is beginning to deteriorate. ) They are not easily 
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maintained and have to be discarded and replaced on a fairly regular basis. 
However, it is possible to analyse silver and free cyanide concentrations 
by adopting the procedures outlined for testing standard silver plating 
solutions. 

(vii) Solution contamination. 
These solutions are highly susceptible to contamination, but this is not 
generally a problem because silver strike solutions tend to be replaced 
frequently. 

(viii) Common faults encountered in using silver strike solutions. 
Reference should be made to the information given in relationship to 
standard silver plating solutions 

Conventional Silver Cyanide Solutions 

Categorisation of silver cyanide solutions 
A diverse selection of silver plating solutions with varying chemical 
compositions and modes of operation are now available and extensively 
documented in literature. These typically fall into one of two categories. 
Generally they are referred to as either conventional (low-efficiency) or 
high speed (high-efficiency) solutions. As indicated below these solutions 
are used for distinctly different applications. 
Conventional solutions: 

Used for functional applications, Conventional (low- 
efficiency) electroplating solutions are used to deposit thin 
films of silver. They are dilute and deposit metal at a 
moderate speed in a dull condition. However, brighteners 
can be used to produce more lustrous deposits. 

High speed solutions: 
Used for decorative applications, High speed (high- 
efficiency) electroplating solutions are used to deposit 
very thick films of silver. They are very concentrated and 
operate at high / elevated temperatures to deposit silver 
very rapidly. 

These definitions provide an indication of the traditional categorisation of 
silver plating solutions as delineated by the electroplating trade. In 
principle, the selection of a solution must essentially be governed by the 
practical requirements and personal preferences of the individual 
practitioner. However, it is strongly suggested that the A/C operating 
within the context of a studio environment will derive greatest benefit 
from using a conventional silver plating solution. These are highly 
recommended for use for two fundamental reasons. 

Firstly, conventional solutions are more dilute and therefore much 
cheaper and more efficient to run. Silver is a relatively expensive precious 
metal, so where feasible the A/C is advised to adopt the following strategy 
to maximise financial expedience. Where a heavy deposit is required it is 
suggested that a cheap metal, such as copper or nickel is initially deposited 
to build up the desired thickness. This can then be used as a base coating 
over which a final decorative film of precious metal can be 
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electrodeposited using (initially a strike, and then) a low-efficiency silver 
plating solution. This standard electroplating procedure will minimise the 

cost without compromising the creative integrity of the A/C, or the desired 
decorative / aesthetic appeal of the final artefact. Naturally, in special 
circumstances where the intrinsic value of the artefact produced outweighs 
the production cost, very thick coatings of pure solid silver can be 

successfully deposited onto glass artefacts using high speed / high 

efficiency solutions (provided that the solution operates within a suitable 
temperature range). 

Secondly, conventional silver plating solutions are advantageous from 

a practical point of view. In particular they have a superior throwing power 
which promotes a uniform coverage of electrodeposited metal on very 
complex forms. This provides additional flexibility and is a useful asset 
which is likely to be heavily exploited and challenged by A/C in his 

creative endeavours. 

Low efficiency silver cyanide solutions 

(i) Composition 

Table 4/12. Conventional Silver Plating Solutions 

Chemical Composition Range 
Constituent Low-speed solutions High-speed solutions 

(Thin Deposits) (Thick deposits) 
(Source of reference) (Newman 1979, p. 61) (Newman 1979, p. 61) 

" U. S. A British U. S. A British 
oz/ gal oz/ al oz/ gal oz/ gal 

Silver (Metal salt) 15-40 2-5.3 2.4-6.4 70-120 9.3-16 11.2-19.2 
Sodium Cyanide 15-60 2-8 2.4-9.6 50-100 6.7-13.4 8-16 
Sodium Carbonate 20-50 2.7-6.7 3.2-8 14-100 1.9-13.4 2.2-16 
Sodium or Potassium None 10-20 1.3-2.7 1.6-3.2 
Hydroxide 
Operating conditions 
Temperature 20°C 68°F 35-40°C 95-104°F 
Current density 0.3-1.6A/dm2 3-15Asf 0.1-2. OA/dm2 1-2OAsf 

The deposits produced will be matt unless brighteners are added to modify 
the solution. 

(ii) Function of constituents 
Both the standard silver solution discussed here and the silver strike 
solution discussed previously contain the same basic constituents, in both 
instances these perform identical functions. 
Silver cyanide 

This provides the source of metal ions to be deposited. 
Sodium (or potassium) cyanide 

This constituent is used to complex and suspend the silver 
in solution and is essential for good anode corrosion and 
solution conductivity. Increases in free cyanide help to 
promote the throwing power of the solution. 

Sodium (or potassium) carbonate 
A useful ingredient in formulating new solutions, this is 
beneficial in increasing the conductivity of the solution 
and in assisting brighteners to function to optimum effect. 
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However, carbonates naturally build up in cyanide based 
solutions over extended periods of time and in excess, 
above 45 g/l (7.2 oz/gal) in sodium based solutions and 
113 g/l (18 oz/gal) in potassium based solutions, have a 
detrimental effect. This may result in coarse / rough 
deposits and poor anode efficiency. 

Sodium (or potassium) hydroxide 
By retaining the correct pH balance hydroxyl ions help to 
stabilise the solution 

(iii) Mixing conventional silver plating solutions 

Method 
Follow the procedures outlined for formulating silver strike solutions. 
Where used the potassium or sodium hydroxide should be introduced prior 
to bringing the electroplating solution up to its required/working volume. 
The water used for mixing high efficiency solutions should be heated to 
30-35°C (86-95°F) before use. "Plating-out" procedures are not necessary 
due to the high purity of silver salts. The cost of reclaiming wasted silver 
is also another reason why this process is not generally carried out. 

(iv) Operating parameters 
Temperature 

Usually between 20-40°C (68-105°F). 
Current density range 

Variable depending upon the nature of the solution. As 
indicated in the table above up to 2.0 A/dm2 (20 Asf). A 
current density of 1.0- 1.6 A/dm2 (10-15 Asf) is 
recommended for electrodepositing silver onto glass. 

Anodes 
99.9% pure silver anodes, double bagged in 5-10 micron 
(0.2-0.4 thou) polypropylene bags. (low purity anodes 
will produce rough deposits). Recommended anode to 
cathode ratio is 2: 1. All ancillary hooks and equipment 
should be made of stainless steel. (Insoluble / inert 
stainless steel anodes are frequently used where thin 
deposits of silver are required. However, to maintain an 
adequate supply of available metal ions regular additions 
of silver salts must be made to the solution. ) 

Agitation 
Mechanical agitation only. Air agitation must NOT be 
used in silver cyanide solutions (as this results in the rapid 
decomposition of the solution) 

Filtration 
Continuous or occasional filtration over a paper and plate 
type filter unit. This should be supplemented by periodic / 
intermittent filtration over activated carbon to remove 
depleted brighteners from the solution. 

Plating rate 
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At 1.0 A/dm2 (10 Asf) - 2.5µm (0.0001") of silver will be 
deposited in 3.6 minutes - 25µm (0.001") in 36 minutes. 
1 ampere hour will deposit 4.025 grams (0.142 oz) of 
silver. (Based on a current efficiency of 100%) 

pH 
Between 10.5-11. Maintaining the correct pH is essential 
to preserve the brighteners and prevent a rapid 
deterioration in the condition of the solution. Cyanide 

concentrations should be checked on a regular basis, as 
chemical additions may be necessary to raise the pH level 
of the solution. 

Notes 
It is absolutely essential for financial expedience and for the purpose of 
costing artefacts, that the A/C is able to control the quantity of silver being 
deposited. It is therefore critical that the amount of time (in ampere hours) 
necessary to deposit the required quantity of silver is correctly calculated 
and strictly adhered to. This can be conducted using a plater's calculator. 
An alternative method of determining the amount of metal deposited is to 
weigh articles before and after deposition. The weight difference can then 
be used as a basis for subsequent costing procedures. 

(v) Modifying the solution. 

Brighteners 
Silver plating processes do not have very effective brightening systems. 
During initial deposition silver will be plated in a dull condition. This will 
become progressively brighter as the deposit thickens (until an optimum 
lustre / reflectiveness is reached - typically at around 25 µm (1 thou)). For 
this reason the brighteners used in silver solutions are described as 
"developing brighteners". Consequently, where a very thin but highly 
reflective and lustrous deposit of silver is required, it is essential to deposit 
the silver onto an existing bright surface (e. g. a bright nickel or copper 
plate). An intervening "flash" of silver, deposited from a silver strike 
solution will serve to promote good adhesion between the underlying base 
metal and the silver deposited from a conventional silver plating solution. 

Commercially available brighteners / proprietary products are 
recommended for use. The chemical nature of these brighteners will vary 
depending upon the type of solution used. As an alternative it is possible to 
use ammonium thiosulphate as a brightening agent using the procedure 
outlined below. 
Conventional silver solutions: 

These solutions give a semi-bright finish. Historically 
carbon disulphide was employed as a brightening agent. 
(This chemical is carcinogenic and can no longer be 
purchased. ) However, proprietary brightening products are 
now widely available and highly recommended for use. 

High speed silver solutions: 
To a fresh solution add 3.1 ml of concentrated (60%) 
ammonium thiosulphate for every 100 litres of solution. 
(0.5 fl oz for every 100 gallons of solution) Once fully 
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operational / in use, make an addition of 0.02 to 0.05 g/l 
(0.0032-0.008 imperial oz/gal) of ammonium thiosulphate 
every 24 hours of plating time. 

Harder deposits 
Antimony is frequently used for this purpose. 

Increasing the throwing power of the solution 
This may be promoted by lowering the silver concentration of the 
electroplating solution, and reducing the current density. 

(vi) Maintenance of silver cyanide solutions 

Solution analysis 
Most of the problems encountered in running silver plating solutions occur 
as a direct consequence of poor house-keeping, which may arise through 
carelessness, complacency or neglect. In order to maintain a silver solution 
in optimum condition it is essential to regularly analyse cyanide and silver 
concentrations. Although during normal service silver concentrations may 
rise marginally, they are likely to remain relatively constant. However, the 
natural decomposition of cyanide will almost certainly result in a build up 
of carbonates in the solution, and a fluctuation in cyanide concentrations. 

Sanctioning a prudent / vigilant control over the solution is 
fundamental to ensure its long term serviceability. It is therefore 
recommended that external assistance is sought from professional plating 
enterprise to regularly analyse the solution. This will ensure that the 
solution is maintained in an optimum condition, with the minimal amount 
of fuss or interference. Alternatively for the distinctly more experienced 
and avid enthusiast, independent / self regulation of the solution through 
volumetric analysis is feasible. However, this is not advocated for the 
newly initiated A/C practitioner and will not therefore, be outlined within 
the context of this thesis. This decision reflects the difficulties which are 
likely to be encountered by the A/C in gauging the accuracy of the results 
obtained, and in addressing health and safety considerations. 

The following procedures are recommended for correcting imbalances 
or deficiencies in silver plating solutions, as identified through chemical 
analysis. For further / more precise information the A/C should seek 
professional advise from a reputable plating establishment. 

To increase the free cyanide concentration of silver plating solutions 
sodium (or potassium) cyanide should be added. 

Where very small anodes are used at high current densities to deposit 
silver onto large cathode areas, the solution is likely to become deficient in 
silver and have an excess of cyanide . In these circumstances it will be 
necessary to make an addition of "single silver cyanide". This is an 
insoluble compound which must be ground into a thin paste by mixing it 
with a sample of solution extracted from the plating tank. Small additions 
of this paste can then be made to the solution to restore it to its original 
condition. 

In the event of a depleted silver concentration but correct cyanide 
concentration, double silver cyanide can be used to remedy the problem, 
without inadvertently causing cyanide levels to rise. 



Burdett, G. 1998 Chapter 4- Principles and Practice [4C] 191 

Where excessive quantities of silver become present in the 
electroplating solution, it is usually possible to resolve the problem by 
simply diluting the solution with deionized / distilled water. However, the 
quantity added should only ever be sufficient to bring the solution up to its 
intended working volume. 

Excess carbonates are likely to build up during long-term use of the 
solution. The first practical signs of this problem will become apparent in 
the need to use excessive / abnormally high voltages to obtain normal 
current densities. The solution may also become sluggish. This problem 
can be corrected using proprietary brands of "decarbonator salts" which 
should be added in accordance with the manufacturers guidelines. 

Regular filtration over activated carbon is recommended to remove 
organic contamination. This will assist in maintenance procedures and 
prevent rough deposits emerging. 

Maintaining the correct pH 
Comparator paper should be used to test the pH level of the solution and 
where necessary adjustments can be made by implementing the following 
procedures: 
To increase the pH level: Make additions of sodium (or potassium) 

hydroxide. 
To reduce the pH level: Although chemicals can be added to lower the 

pH, this is generally considered to be too 
dangerous because of the risk of poisonous 
gases being emitted. It is therefore advisable to 
leave the solution to rebalance of its own 
accord. This is rarely considered to be a 
problem in silver plating solutions. 

Observing fluctuations in the condition of the solution 
By regularly inspecting the visual appearance of the anodes it is possible 
to obtain a good indication of the solutions condition. Naturally, these 
observations should be confirmed through volumetric analysis before 
alterations or additions are made to the solution. Typically: 
o Anodes which become very bright and crystalline in appearance 

indicate an excess of cyanide. To return the solution to its correct 
balance, single silver cyanide (with a 80.5% silver content) should be 
added to the solution. 

o Anodes coated with white encrustation's indicate a cyanide deficiency. 
In extreme cases this phenomena may be accompanied by an increase 
in voltage and decrease in amperage. This can be corrected by making 
small additions of sodium (or potassium) cyanide until the anodes 
become clean, but not bright. 

o Anodes coated in a smutty / black film indicate the presence of 
metallic or organic impurities in the solution (particularly iron, 
platinum, sulphur, selenium or tellurium). Alternatively this condition 
may result from a low concentration of free cyanide, too low a pH or 
from using too high a current density. This film is likely to slough off 
during dormant periods when the solution is not being used. However, 
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this is likely to result in rough deposits which can be alleviated by 
employing continuous filtration. 

(vii) Solution contamination 

1. Metallic contamination 
Most metallic impurities have little or no effect on silver solutions, or their 
deposits. However, iron may cause discoloration and adversely affect the 
reflective qualities of the silver. Copper contamination will result in the 
formation of black deposits. 

WARNING: It is absolutely essential for health and safety reasons to 
avoid direct contact between cyanide and acid plating solutions. This may 
be minimised by taking the following precautions: 
o NEVER position these solutions in close proximity to one another in 

the workshop. 
o When transferring an artefact from an acid solution to a cyanide 

solution (or vice-versa) ALWAYS thoroughly rinse the object in a vat 
of running water for at least 10 minutes. This is a crucial intermediary 
stage. 

(viii) Common faults encountered in using silver cyanide solutions 
Rough granular deposits 

Several possible causes exist. This condition may result 
from: 

o Using too low a current density. 
o Suspended contamination or an excess build up of 

carbonates in the solution. (Filter and analyse the 
solution. ) 

o Using impure / poor quality anodes. 
Thin patchy deposits 

Occur as a result of- 
0 Poor maintenance. The solution should be treated over 

activated carbon to remove contamination. 
Dark black / brown deposits (Rough, dark, porous , spongy deposits) 

Result from: 

o The use of excess current. 
o and / or a lack of agitation around the cathode. 

Yellow / pink tinged deposits 
o Are symptomatic of poorly maintained electroplating 

solutions. The solution should be analysed to check 
carbonate levels, and where necessary silver salts or 
silver cyanide should be added to return the solution 
to a good operating condition. 

Poor blue / white tinged deposits 
May result from 
o Using too low a temperature. 
oA chemical imbalance in the solution. Check that 

silver and cyanide concentrations are correct through 
analysis. 

Poor adhesion 
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This causes the electrodeposited metal to blister and peel 
away from the substrate surface. This usually occurs as a 
result of: 
o Inadequate surface preparation. This is an indication 

of the need to adopt a more scrupulous cleansing 
procedure. 

Where electrodeposition is accompanied by a large degree 
of fizzing at the cathode surface, poor adhesion may be 
due to: 
o The use of too high a current density. 
Poor adhesion is also likely to be reciprocated when 
depositing silver onto copper or nickel plated substrates if: 

o The preliminary silver strike stage is omitted. 
o The silver strike solution is contaminated. 
o The object / cathode to be plated is not introduced to 

the silver strike solution "live". This frequently results 
in the formation of non-adherent immersion deposits. 

Deposition failure 
If this occurs check that: 
o All electrical connections are clean, securely intact 

and operational. 
o The anodes are not passive. 
o The solution is not contaminated. Volumetric analysis 

and filtration procedures can be used to ensure the 
solution is in a good operating condition. 

This problem is most likely to occur when depositing 

silver onto nickel plate and is generally caused by surface 
passivation. This may be overcome by: 

o Following the preparatory procedure outlined in 
Section 7B of the Appendix. (This must be conducted 
as an uninterrupted / continuous process to be 
effective. ) 

o Ensuring that the prepared article undergoes 
electrodeposition immediately from a silver strike 
solution (this stage is critical) prior to being 
transferred to a conventional silver plating solution. 
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Chapter 4D 

Basic Principles 

Introduction 

In order to explore the electrodeposition process to its full creative 
potential, the A/C will need an elementary knowledge of chemistry, 
metallurgy, mathematics, and electrochemistry. Whilst notorious for their 
technical jargon, the A/C, will require a basic awareness of these subjects 
to understand the fundamental concepts behind the process. This is vital if 
communication is to be generated with fellow practitioners and 
electroplating specialists, which will be necessary to discuss and overcome 
problems which arise. This section aims to verse the A/C with the basic 
principles of the electroplating process. It is hoped that this will enable the 
practitioner to utilize the process with confidence and ingenuity. 
Throughout the text reference is made to acid copper sulphate solutions. 
This process is used to illustrate fundamental principles which can 
generally be applied to most electroplating solutions. 

Electrochemistry is the theoretical science of the electrodeposition 
process, and is primarily concerned with the relationship between 
electricity and electroplating solutions. When a current of electricity is 
applied to an electroplating solution, certain chemical changes take place, 
which alter the composition of the solution, and enable metal to be 
transported and deposited on to an object. Before describing the main 
concepts behind the process, it is essential for the A/C to establish a 
background knowledge in two related areas: electricity and matter. 

Electricity 
Electricity is supplied to the electroplating solution in the form of a direct 
current. Regulating the electricity supply is essential since this makes it 
possible to control and manipulate the process. The two most important 
factors are: 

o The voltage - the pressure with which electrical current is forced 
through the circuit. For electrodeposition to occur, there must be a 
difference in the electrical potential/charge of the two electrodes - 
ie between the positively charged anode and negatively charged 
cathode. This differential is referred to as the ̀ electrode potential', 
and is measured in volts. 
(Volts = current flowing x resistance (in ohms). ) 

Any obstruction to the flow of this electrical current, which for 
example may take the form of a support wire or the object being 
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electroplated, sets up an electrical resistance in the circuit. This 
resistance is measured in ohms. 

c The amperage - the amount or volume of electrical current flowing 
through the circuit. This is measured in amperes (amps). More amps 
are consumed (and a greater electrical current is required) when 
there is a higher resistance to the voltage. 
Amps, volts, and ohms define the electrical conditions of the 
electrodeposition process. Good rectifiers will possess voltmeters 
and ammeters, to indicate both the electrical pressure and the 
amount of current being selected, and to control the speed of the 
deposition process and the amount of metal deposited. 

Matter 
All matter is composed of `elements' - substances which are not capable of 
being separated into simpler units. Some 92 elements are known to exist, 
(Table 4/4, Chapter 4B) including oxygen, copper, silver, and carbon. 
(When two or more elements combine, they form compounds. For 
example, water (H2O) is made up of hydrogen and oxygen,. ) All elements 
are composed of small particles called atoms which contain electrons. 

When a compound dissolves in solution, its constituent atoms are said 
to ionize. That is they become capable of relinquishing or obtaining 
electrons. This reaction is essential in forming an electroplating solution. 
(Atoms which lose electrons become positively charged ions, whilst those 
atoms which gain electrons become negatively charged ions). In this 
condition the ions are capable of being mobilized and transported across a 
solution under an applied electrical current. This movement of matter is 
central to the electrodeposition process, and will be referred to later in the 
text. 

Forming Electroplating Solutions 
Electroplating solutions are formed by dissolving chemicals in a solvent 
(usually water or cyanide) to produce highly conductive aqueous solutions. 
A copper sulphate solution cannot, for example, be produced by dissolving 
the metal in water. To achieve this, the copper has to be reduced and 
converted to a metal salt known as copper sulphate. Salts of this nature are 
highly-soluble, and dissolve or ionize in water (to varying degrees) to form 
electrolytes/electroplating solutions. (For further information, reference 
should be made to Section 1 of the Appendix. ) 

When copper sulphate is dissolved in water (as occurs in the 
formation of a copper plating solution), it dissociates to form copper ions 
and sulphate ions. The water itself will decompose to form hydrogen and 
hydroxide ions. Once formed, these ions are capable of moving freely and 
independently around the solution. The copper and hydrogen ions carry a 
positive charge (and are known as cations), whilst the sulphate and 
hydroxyl ions carry a negative charge (and are known as anions). The 
solution will be relatively stable because there will always be an equal 
number of positive and negative ions. The conductivity of the solution will 
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be directly related to its ion concentration. Metal salts which dissolve 
completely in solution, ionize more easily, and are therefore superior 
conducts of electricity. Dilute electroplating solutions are generally more 
conductive because although a low concentration of ions exist they have 
greater freedom to move around under an applied electrical current. 

The Fundamental Principles of the Electroplating Process 

As already stated a typical electroplating facility comprises of four main 
parts: 

o The rectifier -a means of conveying a regulated electrical current. 
o The cathode - the artefact/object to be electroplated. 
o The electroplating solution - or electrolyte -a solution containing 

dissolved ions of the metal to be deposited. 
o The anode - the means by which electrical current is introduced to 

the electroplating solution. 

These are clarified in greater detail in Fig. 4/17. 

During the electrodeposition/electroplating process, the cathode 
(object to be deposited) is immersed in the electroplating solution, and 
linked to the negatively charged busbar/terminal of the electrical circuit. 
The anodes, which consist of solid bars of the metal to be deposited, are 
connected to the positively charged terminal of the electrical circuit. 
Electrodeposition is then initiated by applying an electrical current to the 
solution. This sets up a difference in electrical potential between the two 
electrodes and acts as an impetus, enabling electrical current, and hence 
metal (in the form of ions), to be transferred across the solution from the 
positively charged anode to the negatively charged cathode. In this manner 
metal is dissolved into solution at the anode, and deposited at the cathode. 
A more comprehensive explanation of this process is given in the 
following text. 
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The cathode is the negatively charged electrode (denoted '-') - the 
object/artefact requiring electrodeposition. An electrical current is 
applied which will transfer metal across the electrolyte from the 
anode to the cathode where metal will be deposited. 

The anode is the positively charge electrode (denoted '+'). During 
electrodeposition this usually dissolves and donates metal to replenish 
the solution, replacing that deposited at the cathode. 

The electrolyte is an aqueous solution of the metal to be deposited. This 
is a highly conductive solution. When salts of a metal are dissolved 
in an appropriate solvent forming an 'electrolyte', they 'ionize', 
enabling them to be transported across the solution under the 
application of an electrical current. 

The rectifier is the source of electricity, supplied in the form of 'direct 
current'. By controlling the voltage, and amperage, the electrical 
current can be regulated to govern the speed at which metal is 
deposited, and the amount of metal deposited. 

Fig. 4/17. The Four Fundamental Parts of an Electroplating Facility 

Applying an Electrical Current to the Electroplating 
Solution to Initiate Metal Deposition 

Prior to initiating electrodeposition, the solution will be dormant and stable 
(Fig. 4/18). The electrical potential of the two electrodes, the anode and 
cathode, will be equal, and an equilibrium will exist. 

However, when an electrical pressure (voltage), is applied to the 
solution a difference between the electrical potential of the two electrodes 
will begin to emerge. The anode will become positively charged, and the 
cathode (the object to be plated) will become negatively charged. This is 
known as polarization, (a higher degree of polarization will occur in 
solutions with superior throwing power), and will continue to increase 
until a sufficient difference in the electrical potential exists for current to 
be transferred across the solution, and for electrodeposition to be initiated. 

Under the influence of an applied electrical current, the ions in the 
solution will become mobilized, and migrate towards the electrodes 
(Fig. 4/19). Unlike charges will attract one another, whilst like charges 
will repel. Therefore: 
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o The positively charged ions 
The copper and hydrogen ions migrate to the negatively charged 
cathode, where they are neutralized by gaining electrons. The copper 
ions will be converted to copper atoms, which will be discharged and 
incorporated into the cathode surface, enabling copper to be deposited 
(see Fig. 4/20). 

Primary reaction at the cathode: 
Cu++ +2 electrons = Cu atoms deposited. 
Copper ions are discharged preferentially to hydrogen ions. The 

release of hydrogen gas at the cathode surface is an undesirable 
secondary reaction. This only occurs under the exertion of excessive 
electrical pressure/high voltages, and tends to result from using too 
high a current density. 

o The negatively charged ions 
Sulphate (SO4") and hydroxyl (OH-) ions migrate to the positively 
charge electrode - the anode. 
On reaching the anode, the sulphate ions are neutralized by gaining 
positively charged electrons. This enables them to combine with either 
the copper atoms released from the anode to form more copper 
sulphate, or with water to form sulphuric acid. As such, they serve to 
actively replenish and maintain the chemical balance of the solution. 
The sulphate ions are discharged in, preference to the hydroxide ions. 

Primary reaction at the anode: 
SO4-- -2 electrons + copper = copper sulphate. 
The hydroxyl ions are unlikely to be released unless a very high 
electrode potential (high voltage) is used - well above that 
conventionally used for electroplating procedures. Where this 
secondary reaction occurs, it will result in the formation of oxygen, 
which will be evolved and released at the anode to form either gaseous 
by-products or metallic oxides. The latter will create an insulating 
dark sludge on the surface of the anodes. This will set up a resistance 
to the flow of electrical current (necessitating the use of higher 
voltages to obtain a given amperage), cause ̀ passivation', and inhibit 
anode dissolution and electrodeposition. Anodes must be cleaned 
regularly to alleviate this problem (refer to Chapter 4A). 
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Fig. 4/18. A Typical Dormant Copper Sulphate Solution; showing the ions 

moving freely and randomly around the solution. 
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Under an applied electrical current, the positively charged ions move towards 
the cathode (the negatively charged electrode), and the negatively charged 
ions move towards the anode (the positively charged electrode). Copper 
deposited at the cathode will be replaced by copper dissolved into solution 
at the anode. 

Fig. 4/19. The Movement/Migration of Ions across the Solution under an 
Applied Electrical Current. 
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The copper ions (Cu) are discharged at the cathode surface (artefact) as to 
form a film of electrodeposited copper. The sulphate (SO4) ions are released 
at the anode where they either combine with water to form sulphuric acid 
(H2SO4), or with copper to form copper sulphate (CuSO4), both of which 
serve to replenish the solution. 

Secondary reactions include the evolution of oxygen (02) at the anode, and 
hydrogen (H2) at the cathode. These reactions only occur if very high voltages 
are used. 

Fig. 4/20. Primary and Secondary Reactions 

Replenishing the Solution with Metal during Deposition 

A further reaction occurs which is essential to restore the chemical balance 

of the solution, and enable metal deposition to be perpetuated. During 

electrodeposition, under the influence of an applied electrical current, the 

soluble anodes will slowly dissolve, serving to replenish and maintain the 

copper concentration of the solution. The presence of sulphuric acid in the 

solution will further promote the dissolution of metal from the anode 
surface. The amount of metal deposited at the cathode will be equal to that 
released into the solution at the anode. 

As the electrodeposition process proceeds a concentration gradient 
will begin to emerge. The solution in close contact with the anode will 
develop a high concentration of copper, whilst conversely, the solution in 

close vicinity to the cathode will develop a low concentration of copper. 
This is because copper will naturally be consumed more rapidly at the 
cathode than it can be replaced at the anode to maintain the balance. In 
order for deposition to continue the concentration of metal ions must be 
replenished to restore the chemical balance of the solution. The 
transference of metal ions from the anode to the cathode usually occurs 
through a combination of: 

Migration: the movement produced through the force of an applied 
electrical current. 

Diffusion: the natural tendency for dissolved substances to migrate from 
concentrated regions to more dilute regions. 
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Convection: the application of physical pressure to propel the ions across 
the solution. This can be induced by 
o increasing the temperature of the solution; 
c Introducing physical motion and turbulence. Agitation increases the 

active movement and diffusion of ions across the solution, and 
evens out any concentration gradients around the anode and 
cathode. This is a highly effective method of supplying a rapid and 
fresh concentration of metal ions to the cathode, which is 

particularly important in high-speed plating operations. 

Maintaining the metal ion concentration of the solution is fundamental to 
perpetuating deposition. Where the metal ion concentration becomes 
depleted around the cathode, subsequent deposition will become seriously 
inhibited. In the first instance, it is possible to counteract this effect, by 
increasing the current density (amps). However, in the long term, this will 
merely serve to further aggravate the problem, and the metal ion 

concentration will become increasingly depleted until a `limiting current 
density' is reached, at which point deposition will cease completely. 
Problems of this nature can be overcome by: 

o supplementing the metal concentration of the electroplating 
solution, so increasing the available metal ion concentration; 

0 increasing the anode-to-cathode surface area. 

Over time the continued dissolution of copper from the anode to furnish 
deposition at the cathode will, lead to a shrinkage in the size of the anode, 
which will eventually require replacement. Most of the reactions which 
occur at the anode serve to replenish, maintain, and preserve the solution 
during the electrodeposition process. 

Cathode Current Efficiencies 

The amount of metal deposited from any given electroplating solution is 
directly proportional to the amount of electricity flowing. Whilst the 
majority of electrical current is consumed in depositing metal, a portion 
may be used in the formation of by-products (typically oxygen and 
hydrogen evolved at the electrodes. ) The energy consumed in these 
secondary reactions is, in effect, wasted, and reduces the efficiency of the 
solution. The term `cathode current efficiency' (CCE) is used to describe 
the percentage of electrical current directly consumed in depositing metal. 
For example, a typical nickel plating solution may have a CCE of 95%. 
This means that 95% of the electrical current is used to deposit nickel, and 
5% is wasted in the evolution of gaseous by-products. 

The CCE of a solution is determined by its chemical composition. As 
a general guideline, average CCE for typical electroplating solutions are 
referred to in Section 2 of the Appendix to Chapter 4C. (A `coulometer' 
can be used to measure the efficiency of individual electroplating 
solutions. ) The CCE of a solution is of crucial importance if the quantity 
of metal deposited is to be realistically assessed. The following 
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calculations which relate to this are essential to the A/C if the process is to 
be made commercially viable within the studio environment. 

Faraday's Laws 

The basic principles of electrolysis are embodied in `Faraday's Laws' 
(established in 1833-4). These are fundamentally important in 

understanding the theory and practice of the process. 
For the A/C these laws have significant practical implications. They 

are particularly important in electrodepositing precious metals, such as 
gold or silver, where it is crucial (for financial viability) for the 
practitioner to be able to calculate exactly how much metal has been 
deposited, and how much electricity has been consumed. This will enable 
the A/C to incorporate the expense of electroplating the artefact into the 
costing of the final product, so evaluating a realistic financial return. This 
is essential to running the process efficiently within a studio environment. 

Before attempting to embark upon these calculations, it is essential 
that reference is made to the information presented in Table 4/13 and also 
to Section 2 of the Appendix. This provides a clear definition of the 
technical terms and figures used with the following text. 

Table 4/13. Electrochemical Equivalents & Related Electroplating Data 

Metal Atomic Weight Valency Electrochemical Grammes of metal deposited 
(E. C. E. x Valency) Equivalent (E. C. E. ) per 'Ampere - hour" 

(atomic weight. valency) E. C. E. x 3600 
96.500 

Copper, 
Cyanide (Cuprous) 1 63.55 2.37 
Sulphate (Cupric) 63.55 2 31.78 1.18 
Nickel 58.71 2 29.36 1.09 
Silver 107.9 1 107.9 4.02 
Gold; 
(Aurous) 1 197.0 7.34 
(Auric) 197.0 3 65.67 2.45 

(Compiled from: LOWENHEIM. F. A. (1978) Electroplating of Surface Finishing. New York: McGraw- 

Hill Book Company Inc., pp. 562-3 & POYNER, JA. (1987) Electroplating. Hemel Hempstead: Argos 

Books Ltd., p. 8) 

Faraday's Laws state: 

. 
'The weight of metal deposited is proportional to the quantity of 
electricity passed. ' 
Weight of metal deposited in gms (W) = current (I) x time in 
seconds M. 

o `For the same quantity of current, the weight of metal deposited is 
directly proportional to its `electrochemical' equivalent. ' 

Using Faraday's second law, it is possible to calculate exactly how much 
metal is deposited if a given current of electricity is passed through a 
solution for a pre-determined amount of time. This is illustrated in the 
following examples: 
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Example No. 1(A) 
Q. If a current of 20 amps is passed through a copper sulphate 
electroplating solution for 30 minutes, how much metal will be deposited 
if the cathode efficiency is 100%? 

C (Amps) xT (seconds) x A. W. (of metal) 
= gms of metal deposited 

Vx1 Faraday (96,500) 

so 

20 amps x 1800 seconds x 63.55 
2x 96,500 =11.85gms of copper deposited 

Key: C= Current T= Time 

gms = grams V= Valency 
A. W. = Atomic weight 

The `atomic weight' and `valency' figures for various metals are 
displayed in Table 4/13. This should be referred to when carrying out these 
calculations. Remember to calculate the plating time in seconds, merely 
convert the hours to minutes and then multiply the resulting figure by 60 
(because there are 60 seconds in a minute) for example if plating occurred 
over a2 hour period, the calculation would be as follows; 

2(hrs) x 60 (mins per hr) = 120 mins x 60 (secs per min) = 7200 secs. 

Example No. 1(B) 
If the A/C knows how many grammes of metal have been deposited, it 

is then possible to calculate the amount of electricity consumed. 
Q. How much electricity is consumed? 

A. 
Metal deposited (gms) xVx1 Faraday (96,500) 

A. W. (of metal) 
=coulombs of electricity 

so; 

11.85 x2x 96,500 
= 36 coulombs of electricity 63.55 

From these two calculations (1(A) & 1(B)) it is possible to calculate that by 
electrodepositing copper from a copper sulphate solution (100% efficient) 
at 2.0 A/dm2 (20Asf) for 30 minutes, approximately 11.85gms of copper 
will be deposited, and 35.99 coulombs of electricity will be consumed. 

Note: When an electrical current flows between two points (ie 
between the anode and the cathode during electrodeposition) it is 
measured in coulombs of electricity flowing per second. One coulomb per 
second is referred to as ̀ one amp'. 

Example No. 2(A) 
Q. A current of 25 amps is passed through a nickel plating solution for 15 

minutes. How much metal is deposited on the work if the cathode 
efficiency is 95%? 

A. 
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25 amps x 900 seconds x 58.71 
= 6.84 gms of metal 

2x 96,500 

This would be correct if the solution had a cathode efficiency of 
100%. However, the above solution is only 95% efficient, therefore it is 

necessary to make the following additional calculation: 
6.84 x 95 (as in 95%) 

= 6.49 gms 100 

This information can then be used to calculate exactly how much 
electricity has been used: 

Example No. 2(B) 
Q. In the above scenario, how much electricity is consumed? 
A. To calculate the total amount of electricity consumed in the 

process (ie not just that used directly in depositing metal, but also 
that used in generating by-products), it is important to know how 

much metal is deposited if the process is 100% efficient. 
Therefore, the initial figure derived from 2(A) of 6.84 gms is used 
in the following calculation: 

Metal deposited (gms) xVx1 Faraday (96,500) 
_ -coulombs of electricity 

A. W. of Nickel 

so; 

6.84 x2x 96,500 
= 22.5 coloumbs 58.71 

So in conclusion, from 2(A) & (B), the A/C can calculate that if 25 

amps of electricity is passed through a nickel plating solution for 15 

minutes (95% efficient), 6.49 gins of nickel is deposited, and 22.5 

coulombs of electricity is consumed. 
As previously indicated for practical and financial reasons, these 

calculations are important to efficiently running the process within a studio 
environment. For the more avid practitioner, additional formulae are 
available for calculating (i) the average thickness of metal deposited, and 
(ii) the cathode efficiency of the solution. These will not be referred to 
here, but are outlined in detail in numerous electroplating manuals. 

The Current Density 

The ̀ current density' is the quantity of electrical current used to deposit 
metal upon a predetermined/known surface area of an object. It is usually 
expressed in terms of amps per square foot (frequently abbreviated to Asf), 
or amps per square decimetre (A/dm2). The current density is an essential 
factor which must be determined in relationship to each individual object 
before introducing it to the electroplating solution. By calculating the 
correct current density it will be possible to ensure that deposition 
proceeds under optimum conditions. 
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Each electroplating solution operates within a current ̀ density range' 
within which deposits of a good physical and visual appearance can be 

obtained. The current density ranges for typical electroplating solutions are 
referred to in Chapter 4C. 

Calculating the current 
The A/C must know several factors before calculating the correct current 
for a piece of work. These are: 

0 The current density range of the solution being used. 
o The surface area of those parts of the cathode which are to 

undergo electrodeposition. Absolute precision is not essential, 
since approximate figures are usually sufficient. Where several 
objects are to be plated simultaneously, a total surface area will 
need to be calculated. 

o The morphology/shape and form of the object. This directly 
affects the pratictioners chances of obtaining a uniform thickness 
of electrodeposited metal across the entire surface of the cathode, 
and is explained in greater detail in Chapter 4E. 

The following example illustrates how to calculate the correct current for 
electrodepositing a given artefact. For simplicity and clarity this 
calculation has been broken down into four logical stages. It is hoped that 
this will place the above information within a more directly accessible and 
practical context for the A/C practitioner. 

The current density must be calculated before introducing the object to 
the plating solution. It is therefore assumed that the artefact has undergone 
preliminary cleansing, wiring, and metallization procedures (as discussed 
in Chapters 6A and 6B), and now requires the calculation of a suitable 
current. This is determined in the following manner. 



Burdett, G. 1998 Chapter 4- Principles and Practice [4D] 206 

Stage No 1: Calculating the surface area 
Formulae for calculating the surface area of the artefacts to be 

electroplated are illustrated in Section 3 of the Appendix. Most objects are 

made up of a combination of these shapes and forms. 
Example; 

3.5cm (1.38' 
A 

1ý 1. JT 
` 

U 13 (0.79`) 

ý1.5cm 
(0.59') 

ý«- 4cm 
(1.5T) 

Surface area of A; Area of cone = it x diameter x slope 
2 

so; 3.14 x 4cm x 3.5cm = 22cm2 
2 

3.14 x 1.57'x 1.38" = 3.4 sq" 
2 

Surface area of B; Area of cylinder = it x diameter x height 
so; 3.14x 1.5cmx2cm=9.4cm2 

3.14 x 0.50" x 0.79" = 1.5 sq" 

Surface area of C; Area of circle = jradius)2 
so; 3.14 (0.75 x 0.75) = 1.8cm2 

3.14(0.3 x 0.3) = 0.3 sq" 
Total surface area =A+B-C 

so; 22cm + 9.4cm - 1.8cm = 29.6cm2 
3.4" + 1.5"- 0.3" = 4.6sq" 

Stage No 2: Selecting an appropriate current density 
In order to promote good adhesion, it is recommended that a very low 
current density is used for electrodepositing metals on to glass. For 
example acid copper sulphate solutions typically possess a current density 
range of 0.5 - 7.5 A/dm2 (5 - 70 Asf). Within this range a current density 
of 0.5 - 1.0 A/dm2 (5 - 10 Asf) would be ideal for electrodepositing glass. 
Recommended current densities for nickel and silver plating solutions are 
delineated in Chapter 4C. 

When electroplating metal components the current density selected for 
use will be pre-determined by the shape of the object and the intended 
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texture of the deposit. As a general guideline low current densities produce 
very fine, uniform (low stressed) deposits, whereas higher current densities 

produce brighter, more granular (and more highly stressed) deposits, 

which are less evenly deposited. 

Stage No. 3; Calculating the correct current 
Formula; Selected current density x surface area = amps 

100(144) 
Note: One decimetre square = 100 centimetres 

One foot square = 144 inches 

so; 1.0 A/dm2 x 29.6 cm2 = 0.3 Amps 
100 

10 Alf x 4.6" sq = 0.3 Amps 
144 

Therefore, to electroplate an object with a surface area of 29.6 cm2 (4.6 

sq") at a current density of 1.0 A/dm2 (10 Asf) would require a current of 
0.3 amps. 

The plating time will be determined by the thickness of metal to be 
deposited. An appropriate method of calculating this is highlighted below. 

Measuring the thickness of metal deposited 
The thickness of metal deposited is measured in `thou' or `microns' - 
thousandths of an inch or thousandths of a millimetre respectively. For 
example `2 thou' of metal is equivalent to two thousandths of an inch 
(0.002"). As this may be difficult to visualize, the following conversion 
may prove useful as a basic guideline: 

10 thou = 0.25mm = 250 microns 
(NB: The electroplating trade use microns as a unit of measure) 

Various terms are used by the commercial electroplating trade to describe 
deposits of specific thicknesses. These must be understood by the A/C if 
meaningful discussion is to be entered into with professional 
organizations. These may be summarized as follows: 

A `flash' deposit (dip/immersion deposit) 
Refers to a very fine, thin deposits of less than one ̀ micron' (0.04 thou). 
This type of deposit is frequently used for colouring cheap objects and 
gives poor wear and durability. 

A `strike' deposit 
Refers to a deposit of less than 10 microns (0.4 thou) thick. Strike deposits 
are most frequently used as either, 

An undercoating; to provide a good tenaciously adherent base 
deposit on objects which can not be plated directly from a 
conventional solution; 
A finishing deposit; to seal a metal which may already possess the 
desired properties, but requires an additional overcoat of another 
metal to prevent rapid corrosion (ie to provide protection). Strike 
deposits of this nature are typically used in engineering 
applications. 
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A 'conventional' deposit 
Refers to a deposit of not more than 1000 microns (40 thou) thick. Most 

electroplated finishes fit within this category.. 

An 'electroformed' deposit 
Refers to a deposit of up to 2000 microns (80 thou) thick. These deposits 
are sufficiently thick to form structurally independent, self-supporting 
objects. 

Calculating how long it will take to deposit a known thickness of metal 
It is highly recommended that the A/C invests in an electroplater's slide 
rule. This is a simple and cheap device, which will enable the A/C to 
predetermine exactly how long it will take to deposit a specified thickness 
of metal, provided that the intended current density (in A/dm2 or Asf) and 
cathode current efficiency of the solution are known. 

By referring to an electroplater's slide rule, for example, it is possible 
to determine that by depositing copper on to an artefact at 1. OA/dm2 
(IOAsf) from a 100% efficient copper sulphate solution, it will take 1 hour 
45 minutes to deposit 25 microns (1 thou) of metal. 

The implications of design upon the ability of an object to (i) undergo 
electroplating at all, or (ii) acquire a uniform thickness of metal, are 
profound, and are discussed in greater detail in Chapter 4E Cathode 
Design. It is recommended the A/C consults this information prior to 
embarking upon any electroplating activities. This provides guidance in 
determining the appropriateness of an object to the process, and examines 
methods of resolving potential design problems, by suggesting possible 
strategies for electrodepositing more complex forms. 
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Chapter 4E 

Cathode Design Considerations 

Introduction 

The primary objective of the electrodeposition process is to produce an 
adherent coating of metal on a selected artefact. The object receiving the 
metal is referred to as the `cathode'. During deposition, metal is 
transferred across the solution from the anode to the cathode. As 
previously stated, (in Chapter 4D) the amount of metal deposited is 
directly proportional to the current density (amperage) used, and the length 
of time over which deposition occurs. 

The following chapter is concerned specifically with explaining those 
factors which influence how metal is distributed across the surface of the 
cathode during deposition. This is crucial because it dictates whether it is 

o physically possible to electrodeposit an object, 
c feasible to obtain a uniform coverage of metal. 

Ideally during the electrodeposition process each area of the cathode 
should receive an identical and uniform thickness of metal. Commercial 
electroplating companies frequently work to precise specifications which 
demand the electrodeposition of an exact or minimum thickness of metal. 
The uniformity and thickness of the metal formed is important because it 
affects 

the `wear-resistance'; the intended long-term 
serviceability/durability of the object, and its susceptibility to 
tarnish and corrosion; 

c the aesthetic/decorative appearance of the object; 
the cost of electroplating the object. 

The key to obtaining a uniform deposition of metal is to control the 
distribution of current so that it is dissipated evenly across the cathode 
surface during the electroplating process. 
In order to achieve this the A/C must first develop a realistic awareness of 
the practical limitations of the process. Only then can the operating 
conditions under which deposition occurs be optimized to promote good 
quality uniform deposits. To assist the A/C in pursuing these goals, the 
following chapter has been divided into three main sections. 

The first section outlines the nature of the electroplating process, 
discussing how metal is naturally distributed over a cathode surface during 
deposition. 
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The second section discusses factors which can be controlled to 
directly affect the quality and uniformity of metal distribution during 
electrodepostion, namely; 

" the chemical constitution of the solution 
o the geometry of the object being electroplated (the cathode) 
o the relationship of the anode(s) to the cathode(s) during deposition. 

The third section puts forward strategies and techniques to assist the 
A/C in the electrodeposition of difficult, complex forms, and provides 
advice on simultaneously depositing multiple components. This 
information is applicable to establishing small production ranges in the 
studio environment. 

Section 1: The Nature of the Electroplating Process 

Current distribution 
The uniformity with which metal is deposited across the cathode surface is 
significantly influenced by the `current distribution'. This describes the 
extent to which the current density will vary from one part of the cathode 
to another according to the geometry of the object being electroplated. 
During normal electrodeposition, those areas of the cathode closest to the 
anode, namely any projections, protuberances, and peripheral edges on the 
cathode, will preferentially attract electrical current. As such, these 
prominent/exposed regions, termed `high current density areas', will 
receive an excessively thick deposit of metal. By comparison, recessed or 
depressed areas of the cathode being more distant from the anode will be 
starved of metal. These `low current density areas' will only receive a very 
thin coating of metal. 

This irregularity in metal distribution is not merely confined to the 
electrodeposition of complex three-dimensional forms. On flat objects 
difficulties are likely to be experienced in obtaining a uniform coverage of 
metal, since an excess build-up of metal is likely to be formed on 
projecting edges and corners, producing a beaded effect. It is essential to 
remember that the current density, and hence metal distribution, will not 
be uniform over the entire surface of the article being plated 

The 'throwing power' of a solution, and its ability to electrodeposit 
complex forms 
In electroplating technology the term ̀ throwing power' refers to a 
solution's ability to deposit a uniform thickness of metal over an 
irregularly shaped cathode surface. This is measured relatively as a 
difference in ratio between the thinnest and thickest cross-section of metal 
deposited on an object. The ability of an electroplating solution to deposit 
metal at all on low-current density areas of the cathode is referred to as the 
`covering power'. If the covering power is particularly poor it is unlikely 
that the solution will be capable of depositing metal in intricate or recessed 
surface areas. In these circumstances it may be necessary to utilize a 
preliminary `strike' solution (which possesses a good throwing power) to 
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overcome the problem and initiate successful deposition prior to using a 
more conventional electroplating solution. 

Whilst the throwing power refers to the ability of a solution to deposit 

metal uniformly over large-scale irregularities, present in the shape, form, 

and profile of the cathode surface, the `levelling power' of the solution 

governs the extent to which the distribution of metal is capable of 

smoothing out small-scale scratches and microscopic irregularities in the 

cathode surface. By using organic additives many solutions can be 

modified to exhibit a good levelling power. This characteristic renders 
them capable of depositing metal more heavily in recessed valleys of the 

cathode surface than on more prominent peaked areas, so effectively 
levelling out any minute surface irregularities (Fig. 4/21). Solutions with 
good (true) levelling powers usually produce semi-bright, or bright, 
deposits. 

True levelling in 
solutions which 
preferentially deposit 
metal into recesses. 

Substrate 
Poor levelling of 
solutions where metal 
is preferentially 
deposited on peaks 
and prominent edges. 

Fig. 4/21. True Levelling and Poor Levelling 
(Source: LOWENHEIM, F. A. Electroplating - Fundamentals of Surface Finishing. New York: McGraw- 

Hill Book Company Inc. p. 151) 

The throwing power of an electroplating solution is determined by the 
level of 'polarization' which occurs when an electrical current is applied to 
the solution to initiate deposition. That is the degree to which a difference 
in electrical charge exists between the cathode and the anode. In solutions 
where this difference in electrical potential is greater/or very high, or 
where an increase in current density (amperage) is naturally accompanied 
by an increase in this difference, the current distribution becomes more 
even, promoting a more uniform deposition. 

In some electroplating solutions an increase in the current density will 
automatically be accompanied by a reduction in the 'cathode efficiency' 
(the ability of a solution to use all the electricity consumed directly in 
depositing metal). This effectively increases the throwing power of the 
solution, resulting in the formation of deposits with greater uniformity. 
(The effect of the current density on the throwing power of a solution can 
only be determined through a process of practical experimentation. It is 
therefore recommended that the A/C conducts basic research to develop an 
awareness of the operating parameters and limitations of a particular 
solution. ) This principle is best illustrated by examining the differences in 
the throwing power of solutions based on copper sulphate and copper 
cyanide. 
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A comparison between the throwing power of copper sulphate and 
copper cyanide solutions 
Copper sulphate solutions exhibit a low level of polarization under an 
applied electrical current, and typically possesses a 100% cathode 
efficiency. Both of these factors are constant, and do not significantly 
fluctuate over the current density range within which it is possible to 
deposit metal, therefore the resulting throwing power is poor. Essentially 

this restricts the throwing power of copper sulphate solutions. In contrast, 
in copper cyanide solutions the significantly greater level of polarization 
and reduced cathode efficiency which spontaneously accompany any 
increase in current density (amperage) give the solution its superior 
throwing power, which enables a more uniform deposit of metal to be 
formed. As a result most of electrical current supplied to a copper sulphate 
solution will be directly used in the accumulative formation of excess 
metal on prominent edges/projections. Whereas in copper cyanide 
solutions the spontaneous fall in the cathode efficiency arising from the 
use of higher current densities will result in the corresponding excess 
current being consumed in secondary reactions, namely in the evolution of 
hydrogen at peaks and projecting edges. This will effectively inhibit 

excess metal deposition at these high current density areas of the object, 
promoting uniform deposition over irregularly shaped objects. It should be 

acknowledged, however, that whilst copper cyanide solutions possess far 

superior throwing power to copper sulphate solutions (and as such are 
advantageous in producing uniform deposits on complex geometric 
shapes), copper sulphate solutions possess superior levelling powers. 

Section 2: Variables which Affect the Quality and 
Uniformity of Metal Distribution during Electrodeposition 

The following factors have an influential effect upon the throwing power 
of a solution: 

The formulation and operating parameters of the electroplating 
solution. 
Fluctuations in the chemical constitution of an electroplating solution can 
also affect its throwing power. For example, in copper sulphate solutions a 
decrease in copper concentration, and an increase in the acid 
concentration, will improve the throwing power of the solution. Various 
additives can also be employed for this purpose. Generally cyanide based 
solutions, including silver and copper, are renowned for their exceptionally 
good throwing power. In practice because less concentrated electroplating 
solutions are more highly conductive they tend to possess superior 
throwing powers. 

Under optimum conditions, a typical acid copper plating solution has 
a throwing power of 25%, compared to 60% in a copper cyanide plating 
solution. By contrast, Watts nickel solution have a relatively poor 
throwing power of around 10% which means that the resulting deposits 
may exhibit a 1: 15 difference in ratio between the thinnest and thickest 
cross-sections of electrodeposited metal. 



Burdett, G. 1998 Chapter 4- Principles and Practice [4E] 213 

The current density 
The current density has a fundamental effect upon the throwing power of a 
solution and upon the chances of depositing an identical thickness of metal 
over every area of the cathode surface. For example, in copper sulphate 
solutions (as with nickel solutions) where high current densities are 
employed metal will be deposited rapidly, and preferentially on the 
projecting areas of the cathode surface. This poor distribution of metal will 
result in an accentuated and uneven deposition, which will become 

accumulatively exaggerated as the plating period extends. However, 

electroplating at low current densities will promote the formation of 
smoother, finer more uniform deposits. Naturally, to deposit a comparable 
thickness of metal at low current densities (as oppose to high current 
densities) will necessitate much longer electroplating periods. However, 
this will be advantageous in promoting a more uniform deposit of metal 
over both prominent and recessed areas. 

The design/geometry of the cathode 
The design and surface geometry of an artefact will determine the ease 
with which deposition will occur. Where possible, complex and intricate 
forms should be avoided, because, whilst these are seldom impossible to 
plate, they are likely to render the process expensive and unnecessarily 
difficult. The principles which govern current distribution and its effect 
upon the uniformity of a metal deposit have already been discussed. In 
section 1 it was explained how metal is preferentially attracted to the 
peripheral edges and prominent features of a form and deprived from 
recessed and depressed areas, even on relatively simple shapes. Fig. 4/22, 

d 

C:: ý] 
e C, 

wo- 

D 
Substrate 

Deposit 

Anode 

a Thickening of deposit at edges of flat 
sheet. 

b Thickening of deposit at edges, and thin 
deposit in corner, of right-angled shape. 

c Ovality of deposit on circular section. 
d Build-up of deposit on a point. 
e Thin deposit in centre of concave surface. 
f Build-up on corners of square section. 

Fig. 4/22. Typical Distribution of Deposit on Various Shapes of Surface 
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taken from Design for Electroplating by D. N. Layton, clarifies this by 
illustrating how the distribution and thickness of metal deposited varies 
over typical forms. 

To achieve a uniform distribution of metal the A/C must understand 
the rudimentary design difficulties which are likely to be encountered in 

electroplating. These should serve as a guideline, indicating the limitations 

of the electroplating process. The practitioner can actively promote 
successful deposition by observing a few simple design principles. In 
fabricating an artefact for electrodeposition, the A/C should avoid: 

o sharp, angled corners. These should be given a radius or bevel to 
prevent excess metal deposition. Internal corners should be filleted; 

o deeply recessed or re-entrant angles. Convex surfaces will receive a 
more satisfactory deposit of metal than concave or flat surfaces; 

o protruding facets. Any prominent edges, ribs, or wings should be 
reduced in height to prevent beading. 

Simple design modifications of this nature which do not compromise the 
aesthetic integrity of the artefact are particularly advantageous in 
alleviating potential plating problems, and in permitting metal deposits of 
a superior quality, and greater uniformity and durability. Fig. 4/23 is an 
extract taken from British Standards (BS 4479) which contains practical 
design recommendations for promoting deposits of uniform thickness. 

Additional note 
It is important to stress that electroplating should not be used by the A/C to 
cover up poor workmanship, ie to hide seams, structural defects, or poorly 
finished surfaces. Contrary to common belief, these flaws and 
imperfections will not be resolved or physically concealed by the process, 
but will be greatly exaggerated. Furthermore, poorly cleansed or 
inappropriately prepared surfaces will give rise to non-adherent deposits 
which lack long-term strength and durability. 

The positioning of anodes and cathodes during deposition 
For practical and financial reasons, it is not always possible for the A/C to 
use an electroplating solution with a good throwing power. There are, 
however, certain basic electroplating techniques and strategies which can 
be adopted to dramatically improve the distribution of current, and 
facilitate the deposition of a more uniform thickness of metal. 

The principal, and most effective, means of promoting uniform 
deposition is to select correctly sized anodes, and position them 
strategically in relationship to the cathode. Many electroplating solutions 
specify an optimum anode-to-cathode surface area. These 
recommendations should be followed to maximise the efficiency of the 
process. Before commencing deposition, care should be taken to ensure 
that the anodes are arranged at approximately an equal distance away from 
the cathode. This will improve the uniformity of the resulting deposit (Fig. 
4/24). Jigs may be used for securing and rotating the position of the 
cathode around its axis, and are especially useful for electrodepositing 
complex forms. 
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Avoid Prefer 

O 

Protuberances draw 
current preferentially 

Avoid 

UK 

Prefer 

Avoid Prefer 

Corners should have a 
radius of at least 1 mm 

Avoid Prefer 

ýý Edges should be smoothed out as 
much as possible 

Avoid Prefer 

Oejný 
4(GG 

0000 
Ribs should be smooth in section and 
spaced as widely as possible 

Avoid Prefer 

Corner and edges of indentations 
should be rounded to a radius of 
at least a quarter of their depth 

Avoid Prefer 
25mm dia 25mm dia 

Inside curved surfaces should have 

a minimum radius of 12.5mm 

Avoid Prefer 

Space fins as widely as possible Eliminate sharp edges and corners 
and round the edges of slots 

Avoid Prefer 

If blind holes are essential they 
should be shallow with well 
rounded corners and edges 

Fig. 4/23. Extract from B. S. 4479 

During electrodeposition the extremities of the cathode, (that is the base 

and tip), which are referred to as high current density areas will 
automatically attract excess current, and receive a very heavy deposit of 
metal. This effect will be accentuated by the dissolution of a more 
concentrated current from the base and edges of the anode. In addition, the 
natural effects of gravity will result in the denser metal-rich solution 
sinking to the bottom of the tank, accumulatively serving to further 
increase the rate of metal deposition in the lower regions of the solution. 
Two methods are used to counteract these effects. Firstly, agitation 
alleviates the effects of stratification (concentration gradients in the 
solution), and secondly, employing anodes of a reduced length makes it 
possible to counteract the effects of heavy metal deposition at the base of 
the cathode (Fig. 4/25). 
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1. One anode to one 
cathode 
Metal deposition will be 
heaviest on the area of the 
cathode closest to the 
anode. 

2. Two anodes positioned 
either side of the cathode 

A. Heavy metal deposition 
will occur on the two sides 
of the cathode closest to 
the anodes. 

Li B. Using the same 
anode/cathode 
configuration; If during 

C ~- O 
deposition the cathode is 
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frequently rotated back and 
forth through a 90° angle, 
the resulting deposition will 
be more uniform, producing 
a far superior result. 
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3. Four anodes 
positioned at 90° angles 
to the cathode 
By positioning the four 
anodes at an equal distance 
away from the cathode, the 
resulting deposit will be 
relatively evenly distributed. 
This produces a similar result 
to 2B above. 

Key 
A=Anode 
C=Cathode 

Fig. 4/24. Anode to Cathode Configurations, and their Effect upon the 
Uniformity of the Metal Deposited 
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(a) (b) 

Anode length: (a) anode shorter than rack of work. 
no excess current at bottom; (b) anode longer than 

rack of work. excess current at bottom of rack. 

Fig. 4/25. The Relationship of Anode to Cathode Size and their Effect upon 
the Uniformity of the Metal Deposited 

(Source: LOWENHEIM, FA. (1978) Electroplating - Fundamentals of Surface Finishing. New York: 
McGraw-Hill Book Company Inc., p. 154) 

Section 3: Strategies and Techniques which Assist in the 
Electrodeposition of Complex/Intricate Forms 

Secondary methods of improving current distribution and plating 
uniformity in metal deposits rely upon the use of special devices, including 
`auxiliary anodes', `bi-polar anodes', `burners', and `shields'. These all 
require considerable skill, electroplating dexterity, and accuracy to be used 
effectively. They are also time consuming to set up and test. They may, 
however, prove useful to the A/C in specific circumstances. Organized in 

ascending order of their simplicity, effectiveness, and practicability, each 
of these techniques will now be discussed and illustrated in greater detail. 

It is important to remember that these strategies should only be 

resorted to in extreme circumstances. They do not truly resolve the 
difficulties likely to be encountered in electrodepositing complex forms. 
Ultimately far superior results will be derived from either simplifying the 
design of the artefact, or reconsidering the position of the anodes and 
cathodes (as discussed in Section 2). 

Auxiliary anodes 
Two types of auxiliary anode exist, namely internal anodes and 
conforming anodes. These can be employed to direct current, and hence 
metal deposition, into particularly sharp re-entrant angles and deeply 
recessed forms. 

Internal anodes are commonly used to electrodeposit metal on to the 
interior surfaces of holloware. A typical set up for this operation is 
illustrated in Fig. 4/26. The internal anode is suspended from an insulated 
cathode bar, and is connected to the standard anodes in the circuit, to 
convey a positive electrical charge. The anode must be accurately 
positioned so that it is located centrally within the interior cavity of the 
cathode to promote uniform metal deposition. 
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Insulation 

Negatively charged 
cathode busbar 

Negatively charged 
vessel (cathode) 

Positively 
charged anode 
busbar 

Standard 
anode -- 

Positvely charged 
anode busbar 

Metal deposited 

Direction of metal 
l flow/deposition 

This is a typical set-up for electrodepositing the internal and external surface 
of a hollow vessel form using both internal/auxiliary and normal anodes. 
It is essential that no direct contact is made between the positive electrode 
(internal anode) and the negatively charged cathode busbar supporting it. 
Therefore, the cathode busbar must be well insulated to prevent a short 
circuit in the system. 

Fig. 4/26. Auxiliary (Internal) Anodes 

Conforming anodes promote the deposition of metal on very complex 
cathode surfaces. In shape they echo the design profile of the object 
requiring deposition. This effectively ensures that the current, and 
consequently the metal deposited, is evenly distributed across the entire 
cathode surface (Fig. 4/27). They are usually permanent and therefore 
insoluble. Conforming anodes are only practical where the number of 
articles requiring electrodeposition is sufficient to justify the financial cost 
of purchasing anodes, especially designed and manufactured to overcome 
the specific electroplating problem. This renders them outside of the 

practical and financial resources of most A/C. 

Flexible cable will connect the 
internal anode to the positive 
electrical charge 
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Metal Metal 
0 deposited 0 deposited 0 

CACA 

Using a standard anode Using a conforming anode 

Key: A=Anode C=Cathode 

With a conventional anode, the current distribution will be very uneven, 
and heavy deposits of metal will form on prominent areas of the cathode 
surface and minimal deposits on recessed areas. In contrast, because every 
point of the conforming anode is precisely the same distance away from 
the cathode, the current will be distributed evenly across the workpiece, 
producing a more uniform deposit of metal. 

Fig. 4/27. Conforming Anodes. 

Bi-polar anodes 
Where auxiliary anodes are impractical, an alternative means of supplying 
metal deposition to deeply recessed and sharp internal angles is to use a bi- 

polar anode. In principle, the bi-polar anode (Fig. 4/28) which consists of a 
piece of metal (inert to the electroplating solution being used) is inserted 
between the anode and cathode. This acts as a 'passive dummy', which is 

not integrated into the electrical circuit, but is merely suspended from an 
insulated region of the cathode bar to redirect the current. 

During electrodeposition, the anode (A) will dissolve metal into the 

electroplating solution. The extremities of the bi-polar anode (B) will play 
the role of the cathode and receive this metal. The current will then pass to 
the projecting arm of the bi-polar anode (C), which in turn will act as an 
anode and supply metal to the real cathode (D). The amount of metal 
received at the end of the bi-polar anode closest to the anode (B) will be 

equivalent to that deposited on the cathode (D). In principle, bi-polar 

anodes operate in a similar manner to auxiliary anodes. However, they are 
more complicated to set up, and are not as easily controlled. 

Shields/screens and burners 
By strategically positioning thin (0.5mm/20 thou) plastic or cellulose 

acetate screens/shields in front of the object being electrodeposited, 
electrical current, and hence metal deposition, can be deflected away from 
high current density areas of the cathode surface (Fig. 4/29). This prevents 
the nodular growth of metal on protruding/prominent areas, whilst 
encouraging deposition in recessed areas, so improving the uniformity of 
the metal deposited. For shields to be used effectively the A/C must have a 
good working knowledge of the solution. 
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Cathode bar Anode bar 
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level tank 
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suspended -ý 
from - ýý 

cathode bar 

Plan CB c+, Anode 'A 

Insulated bi-polar anode supported from 
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" 

cý _ 
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Metal from bi- Solution 
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Cross section BA 

AS Anode Ei= Bi-polaranode C= Brpolaranode D= Actual cathode. 
negatively charged positively charged Artefact/hollow 
section (acting as a section (acting as vessel receiving the 
cathode) an anode) deposited metal) 

The bi-polar anode 'C' projects into the recessed cavity of the cathode 'D'. 
The area of the bi-polar anode 'B' closest to the anode is negatively charged 
and receives current. This is passed down to the protruding end 'C', which 
acts as an anode, donating and directing current and metal on to the real 
cathode 'D' where deposition occurs. 

Fig. 4/28. A Typical Set up and use of Bi-polar Anodes to Electrodeposit the 
Interior Surface of a Hollow Form 
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Shield suspended in front of cathode to 
deflect excess current away from high 
current density areas of the cathode, 
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By using a polypropylene mask/shield with a hole slightly smaller than the 
recipient mould, heavy metal deposition is deflected away from the edges 
of the cathode (normally the high CD areas), and redirected into the recessed 
central area of the cathode, to produce a more uniform deposit of metal. 

Fig. 4/29. Shields/Masks 

Cathode bar 

Anon iýb3r 
Robber' hoop of copper wire 

------------- -- -> 

------------- -- -> 

Area requiring 
Anode positvely deposition Cathode 
charged negatively charged'-" 

Deflected current 
jo. Current redirected into ---- 

recessed area of the 
cathode 

The robber/burner, consisting of a simple wire frame, should echo the shape 
of the cathode, and is mounted in front of the mould so that excess current 
is directed and deposited on the robber. The prevents a heavy nodular build 
up of metal around the peripheral/protruding edges of the cathode. 

Fig. 4/30. Robbers/Burners 

Burners, commonly referred to as thieves or robbers, operate in a 
similar fashion to auxiliary anodes. Consisting of a simple wire frame, 
burners are connected to the negatively charged terminal of the power 
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supply (Fig. 4/30). During deposition these are positioned strategically so 
that they are in close proximity to high current density areas of the 
cathode, where they draw excess current away from prominent edges and 
corners. The main disadvantages of using burners is that they tend to waste 
metal. 

Electrodepositing multiple components 
For the A/C involved in small-scale studio production, it will be 

practically and financially advantageous to electrodeposit multiple 
components in batch loads. In these circumstances it is essential to develop 

strategies to ensure that all of the objects are capable of receiving deposits 
of a uniform thickness. This is difficult to achieve since the current is 
likely to be distributed unevenly. As a general guideline, when a series of 
components are suspended on a jig during the electrodeposition process, 
those positioned at the extremities of the rows, and at the top and bottom 
of the jig, will preferentially attract current, and receive a heavy deposit of 
metal (Fig. 4/31). In doing so, they will overshadow those cathodes 
positioned centrally, upon the jig and act as robbers, depriving them of 
metal. This effect can be minimized, by firstly grouping together objects of 
a similar size into separate vat loads, and secondly spacing the objects at 
an even and regular distance apart on the jig. 

Occasionally it may be necessary for objects of varying sizes to be 
electroplated simultaneously. In this situation it is essential to remember 
that smaller objects will automatically attract a higher current density, and 
as such will receive a heavier metal deposit, compared to larger objects, 
which will attract a lower current density. As such, larger objects will 
receive an impoverished deposit of metal. This phenomenon can be 
overcome, and a more uniform current distribution promoted by: 

positioning larger objects further apart; locating them near to the 
peripheral extremities of the jig, and lower down in the deeper 
regions of the plating solution; 
positioning smaller objects in closer proximity to one another; 
locating them near to the centre of the plating jig, and arranging 
them higher up in the shallower regions of the plating solution. 

Calculating the number of objects capable of undergoing 
simultaneous deposition 
There is a finite limit to the number of objects capable of undergoing 
simultaneous deposition at any one time. In order to calculate this the A/C 
will require the following information: 

o the average surface area of the articles requiring deposition; 
the intended current density; 
the capacity (amperage) of the rectifier. 
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Fig. 4/31. Distribution of Nickel Deposit. 
On 23 small items mounted on a plating jig, that is, one cathode (nickel thickness 

in. x 10-3). The items in the centre of the jig are plated too thinly. This diagram 
was drawn for decorative nickel plating but of course the same general principles 

hold good for electroforming. 
(Source; SPIRO, P. (1971) Electroforming. Teddington: Draper Ltd, p. 25) 

Example 
The following example is based upon the proposed electrodeposition of a 
series of objects, each with a surface area of 36ft2, at 20Asf. The rectifier 
used has a capacity of 100 amps. 

The calculation can be broken down into two stages: 
Stage 1: calculating the current density required to electrodeposit one 

object at 20Asf. 
Metric: 

Surface area (245 cm2) x A/dm2 (2.0) 
_5 amps 100 

Imperial: 

Surface area (38 sq") x Asf(20) 
=5 amps 144 (inches per square foot) 

Stage 2: calculating the number of objects capable of simultaneous 
deposition. 
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Capacity of rectifier (100) 
= 20 objects Amps required per object (5) 

It is therefore possible to simultaneously electrodeposit 20 objects, each 
with a surface area of 245 cm2 (38 sq") at 2.0 A/dm2 (20Asf) using a 100 
amp rectifier. The electroplating bath would be operating at its maximum 
capacity. Attempts to electrodeposit too many artefacts/objects at once, 
over and above the working capacity of the tank, would at best result in 
patchy incoherent deposits, and at worst, complete deposition failure. 
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Chapter 5 

Electrodepositing Non-Conductive Substrates 

Introduction 

Within the context of this research a review and analysis of the process of 
electrodepositing metal on to non-conductive substrates is of fundamental 
importance for several reasons. Firstly, it provides a springboard for 
further research and innovation. With regard to both metallization and 
deposition procedures, this establishes a useful criteria for transcribing 
principles and practical procedures which can be used in developing new 
techniques for electrodepositing metals onto glass. Secondly, by 
illustrating historical applications of the process which exhibit established 
precedences and specific technical attributes, seeds of inspiration can be 

planted in the A/C mind, which, with innovation and enterprise, can be 
used to generate a repertoire of decorative and aesthetic effects, which 
further challenge and extend the creative boundaries of the process. 

Fundamentally, the process of electrodepositing glass can not be 
viewed in isolation. Instead it should be seen as an integral part of a 
broader creative opportunity, which finds its most innovative and dynamic 
form of expression when used in conjunction with other materials and 
techniques. As illustrated in Chapter 7, the exciting possibilities of this 
marriage are already permeating into the vocabulary of contemporary A/C, 
who are now leading the way in harnessing the unexplored potential of the 
process. The achievements to date are merely indicative of the creative 
opportunities still awaiting exploration. 

Both electrodeposition and electroforming procedures are employed to 
deposit a layer of metal on to an electrically inert, non-conductive 
substrate. However, whilst these techniques are closely related they are 
distinctly separate activities, and will therefore be discussed in isolation 
from on another in the following text. It is worth remembering that the 
principal factor which distinguishes between these two procedures is that 
in electrodeposition the aim is to coat the substrate with a strongly 
adherent and permanent deposit of metal, whilst in contrast in 
electroforming, the substrate merely acts as a surrogate mandrel (or 
mould) which temporarily supports the growing electroform during 
deposition. Therefore minimal adhesion is sought so that on completion 
the resulting deposit can be divorced and separated from the mandrel . 
surface to produce a free-standing, independent electroform. However, 
whilst the objectives and end products of these processes are 
distinguishable from one another, the principles, technology, and 
procedures which lie behind them are fundamentally the same. Both 
activities use identical equipment, and employ electroplating solutions and 
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operating parameters which are capable firstly of initiating deposition onto 
sensitive metallized surfaces, and secondly of forming low-stress deposits. 
The fact that these mutual requirements are central to both processes, 
offers the A/C the versatility, opportunity, and potential to selectively 
combine and integrate the two processes so that they are used in 
conjunction with one another in the synthesis of creative artefacts. 

It is not the intention of this chapter to give a detailed account of the 
procedures involved in the preparation and electrodeposition of non- 
conductive substrates, although some aspects of this procedure will be 
referred to within the following discussion. Nevertheless, it is important to 
acknowledge that almost any non-conductive substrate can be successfully 
electrodeposited, provided that it is first modified to fulfil certain 
preliminary requirements which are generic to the process. Whilst (some 
basic guidelines regarding these procedures are referred to in Section 1 of 
the Appendix to Chapter 6A. ) a detailed discussion of the subject is 
considered to be unnecessary since a comprehensive range of texts and 
information are now readily available and recommended for consultation 
by those A/C requiring further assistance. Instead, the primary objective of 
this chapter is to explore the historical applications of electrodepositing 
non-conductive substrates. By outlining the more salient principles and 
procedures involved, it is hoped that the A/C will be given the opportunity 
to identify and exploit those aspects of the process which offer the greatest 
potential for creative interpretation and diversification. 

Section 1: The Electrodeposition of Non-Conductive 
Substrates 
Basic principles 
An extensive range of non-conductive substrates can undergo 
electrodeposition, examples of which include wood, glass, wax, rubber, 
silicone, polystyrene, nylon, plaster, and resin. Most of the procedures 
employed in pursuing this goal have been derived from historical 
precedences, which in principle have changed little since their inception, 
although successive modifications have simplified their mode of 
application. Many techniques require skill and craftsmanship. Whilst this 
limits their suitability to mass production scenarios, it paradoxically 
renders them appropriate to exploitation by the A/C. 

When electrodepositing non-conductors, it is essential to remember 
that the substrate plays no active role in the process. Fundamentally this is 
facilitated through the application of a conductive film. Therefore 
adhesion between the deposited metal and substrate is negligible, and 
reliant upon the deposit interlocking mechanically around the form. 
Consequently, with a few exceptions, the principle of encapsulation 
(referred to in Chapter 6D) must be strictly adhered to. The preliminary 
procedures used for preparing non-conductive substrates for 
electrodeposition vary depending upon their chemical constitution and 
physical characteristics. However, certain general guidelines are 
universally applicable. Porous substrates require pre-treatment with a 
sealing agent. Typically with a wax, shellac, or electroplating lacquer 
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(refer to Chapter 6A). This is essential to render the article impervious and 
prevent it from deteriorating when exposed to the electroplating solution. 
Following cleansing, the next stage is to `metallize' the substrate to impart 

an electrically conductive surface capable of permitting electrodeposition. 
This can be accomplished using one of the procedures referred to in 
Chapter 6B. These should be used in conjunction with the practical 
guidelines outlined in the Appendix to Chapter 6A. 

Historical precedences 

Early experimentation in the 19th century 
Throughout history non-conductive substrates have been furnished with 
films of electrodeposited metals in order to fulfil a variety of decorative, 

artistic, sentimental, and, more recently, functional applications. From the 
1880s, urged on by the enthusiasm for artistic ornamentation, a diversity of 
natural objects, including flowers, birds' feet, butterflies, and foliage, were 
electrodeposited for creative exploitation in the production of imitation 
jewellery. The electrodeposition of wood, and its derivative paper, was 
particularly fashionable, and was marketed within a broad range of 
applications. The hull constructions of seafaring vessels and cargo ships 
(Fig. 5/1) (1893 - British Pat. No. 10,620) were sealed and shielded with 
protective coatings of electrodeposited metal to improve their 
serviceability at sea. Decorative wood carvings, picture frames, and 
jewellery caskets were ornately lavished and embellished with precious 
metal veneers. Wallpaper was embossed with gold designs, and the 
process was employed as a method (Fig. 5/2) (1895 - British Pat. No. 22, 
436) of impregnating watermarks into high quality writing paper. 

With progress, electroplating technology diversified, and permeated 
into an ever-growing range of applications. Textiles and fabrics were 
gilded using electrodeposition procedures to instil new properties and 
physical characteristics. An extravaganza of metallic effects were used in 
the ornamentation of blinds, screens, and tapestries to furnish the affluent 
domestic interiors of the Victorian era. Textile and fashion entrepreneurs 
eagerly incorporated the technique into their working vocabulary. In 
particular the process was used to stiffen, starch, and mould fabrics (Fig. 
5/3) (1902 - British Pat. No. 5348) into rigid, and sensuous forms by 

aspiring costume designers. In contrast, the coarse-grained fabrics and 
threads used in the manufacture of marine sails underwent 
electrodeposition procedures to instil durability, toughness, and water- 
proofing which in turn increased their corrosion resistance against sea salt 
and adverse weather conditions. These examples merely indicate the 
wealth of miscellaneous and isolated applications which evolved 
throughout history. 

Ceramic ware was also progressively absorbed into the practice of 
electrodeposition. Fired vitreous substances, such as porcelain and 
chinaware by their nature are predisposed to glass, and are therefore of 
particular relevance within the context of this research in borrowing, 
adapting and cross-referencing principles and procedures. Early research 
and innovation focused around exploring methods of firing conductive 



Burdett, G. 1998 Chapter 5- Electrodepositing Non - Conductive Substrates [5] 228 

Ii 5/l :k Method and : Apparatus for Coating Large Surfaces 
(the Bulls of Ships) with Metal 

Fig. (6 \1i(IShil) Section of a Vessel in Dry Dock with several Bath Holders 

applied to the IIuII. 
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The hull of the ship (11) was supported by shores (lll) & (l. ) in drvv dock A sprint; (1.3) connected 
to a rope (1) held the bath holder (B) in a firm position on the side of the ship This was aided by 

electromagnets «11 The tank containing the electroplating solution (K) was supported above the 
level of the bath holder, to which it was connected by a pipe. For plating iron hulls this contained a 
copper cyanide solution. After initiating deposition this was replaced by a bath containing a copper 

tlphate solution. 

Fig. 7 :\ Portion of the Vessel : tmidshil) in Siede Elevation. supported in Dry 
Dock with several Bath IIolders 
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Shows an abutment frame used to press the adjustable bath holder against the concave surface of a 
ship using the pulley blocks (/, 10, ropes (/9) and other devices shown above. The dotted lines (17) 
were arranged to represent rectangular sections of plating which overlapped Nvith one another to 
form an integral metal coating. This provided the vessel with a waterproof coating and protection 
against adverse weather conditions and corrosion 
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Fig 5/2: Machinery for the Manufacture of Decorated 
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This Patent describes a method of manufacturing press moulds for creating perforated patterns and 
4 embossed designs on pulp and paper A resist media of guttapercha, india rubber or waxed paper 

was applied to the innermost (/,, ') and outermost (1) surface of a wire or cloth mesh (1)), in a 
manner corresponding to the desired pattern/design configuration. The exposed unresisted areas of 
the mesh ((%) were then rendered conductive using graphite or silver nitrate, which were filled in 
with a solid film of electrodeposited copper (13) The resist media was later removed to reveal open 01 CIO areas of mesh wire (3 i 

During paper production the solid areas of metal (/3) excluded pulp whilst the open mesh 
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A piece of lace or open weave fabric (B) was metallised using either, an acid resistant varnish 
creating a sticky surface for the application of a finely divided bronze powder, a metallic paint; or 
shellac coating covered with a chemically reduced film of silver sulphide. The lace was stretched 
conto a cage (. I) and attached to an electrode wire ((') On immersion in the electroplating bath (I)) 

current of electricity was passed ilk coating the fabric with a deposit of gold, silver or copper. 
I he process stiffened the fabric and also rendered it conductive. \\atcrproof and ,, as proof 
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films into clay substrates, to engender tenaciously adherent metal coatings 
during subsequent electrodeposition. From a historical point of view two 

metallization procedures were discernible, both of which exploited the 

porous nature of the material. The first, introduced in 1853, involved 
impregnating the clay with metal oxides prior to moulding and firing the 
form. The second, which was popular in the 1880s, involved steeping or 
saturating biscuit-fired clay objects in a solution, of rich metallic salts. 
Both techniques engendered sufficient conductivity to permit subsequent 
electrodeposition. Contemporary metallization procedures have since 
centred around the use of ceramic lustres. Applied in a similar fashion to 
glass lustres, these compounds are reduced and fired on to the surface of 
ceramic ware to produce a highly conductive film. The main advantage of 
this procedure was that it offered greater permanency, and facilitated the 
emergence of stronger, more adherent coatings of electrodeposited metal. 
The process was employed within artistic and decorative applications. 

The developments of the 20th century 
The electrodeposition of metals on to non-conductive substrates continued 
to flourish in the 20th century. The main emphasis of the process shifted as 
it began to play an increasingly important role in coating plastic objects 
with metallic films. This had a wide range of applications, from plating 
knobs on radio instrumentation and electrical hardware through to 
finishing domestic fittings and accessories for kitchen and bathroom 
appliances. In particular, the process was extensively employed in the 
automobile and aircraft industry for coating car trimmings, grills, and lamp 
bezels with nickel-chrome plate which performed a dual 
protective/decorative role. However, a major transformation was about to 
occur which was to open up a new range of opportunities within the arena 
of electroplating plastics. This was the result of a number of significant 
technical breakthroughs. Firstly, several highly specialized "plateable" 
plastics (ABS and polypropylene) were developed. These, new materials 
in conjunction with highly advanced surface conditioning techniques, 
improved electroless plating solutions, and the emergence of bright copper 
plating had far reaching implications which revolutionized the 
electrodeposition of plastics. 

Up until the 1960s the potential growth in the process of 
electrodepositing plastics had been undermined by problems of poor 
adhesion, and the need to rely emphatically upon the principle of 
encapsulation to produce strongly adherent deposits. This had severely 
restricted the commercial viability of the process. In the era which 
followed the war, the technical breakthroughs highlighted above permitted 
the emergence of truly independent and tenaciously adherent deposits on 
plastics, which relinquished their reliance upon the principle of 
encapsulation. Commercial interest in the new process led to financial 
investment and enterprise opportunities, inducing a dramatic revival in the 
process. However, because the technique was unique in its application to 
plastics, it was not transferable to other non-conductive substrates, such as 
glass. The exploitation of these materials remained stifled by the technical 
limitations of established historical procedures. By using the new process 
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to coat plastics with, very thin resilient films of electrodeposited metal, 

components could be fabricated which offered superior properties of 

strength, durability, flexibility, and corrosion resistance in a lightweight 

and rigid form. As such, these attractive and functional electroplated 
finishes found application in a broad range of mass produced consumer 
goods ranging from hi-fi's through to furniture design and costume 
jewellery. The fundamental principles behind this innovative procedure are 

referred to below. This process has since enabled plastics to remain at the 

very forefront of electroplating technology. 
This revolutionary procedure relied upon mutual technical co- 

operation and collaboration between the plastics manufacturers and the 
electroplating industry. In order for the electrodeposition procedure to be 

successfully implemented, guidelines delineating suitable plastic 
compositions and moulding techniques had to be strictly adhered to. The 

process was relatively straight forward. However it varied in application 
depending upon the chemical composition of the particular plastic 
component. The following explanation outlines the fundamental principles 
behind the process. Initially the plastic was cleaned. The procedure which 
followed, referred to as the `pre-conditioning etch', was the most 
important and critical stage of the process. This treatment dissolved the 

rubber globules exposed on the surface of the plastic to produce a 
microscopically-pitted surface. This served as a surface key/chemical 
bonding site for initiating strong adhesion between the plastic and metal 
film during subsequent deposition. The metallization procedure involved 

several stages. Initially the surface was conditioned using a process of 
`palladium activation'. By chemically absorbing palladium into the 
surface, the substrate could be rendered catalytic, and capable of 
promoting the formation of a metallic film on the plastic components 
during the electroless (chemical) deposition which followed. This 
furnished the plastic with a highly conductive surface, which was capable 
of conveying an electrical current, and successfully initiating and 
sustaining metal deposition from a conventional electroplating solution. 

These developments were extensively exploited in the electronics 
industry where they were used for manufacturing printed circuit boards 
(Figs. 5/4 and 5/5). Early circuit boards which were the predecessors of 
this new technology consisted of copper-clad plastic laminates. These 

were silk screened with a resist, so that the exposed metal could be spray- 
etched to reveal the required circuit design. This approach was superseded 
by `through hole plating circuitry', a process in which electroless copper 
and special electrodeposited copper were used to plate circuit designs onto 
either side of a laminated circuit board. These circuits were interconnected 
through holes, to form densely packed miniaturized integrated circuits. 
The technique of `semi-additive circuitry' also relied upon electroplating. 
Here the plastic laminate was completely sensitized using an electroless 
copper plating processes. A photoresist was then selectively applied to 
expose the positive circuit pattern, which, using a copper acid solution 
could then be built up electrolytically to approximately 35 microns (1.4 
thou) thick. For solderability and corrosion resistance, this was typically 
overplated with either a tin/lead alloy or gold. The final stage involved 
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Fig. 5/5 Another Example of Printed Circuit Design 

(Source: SPIRO, P. (1971) Electroforming. Draper Ltd., p. 182) 

Fig. 5/4 A Typical Printed Circuit for a 
Transistor Radio 
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removing the photoresist, and flash etching the underlying electroless 
copper, to reveal the completed circuit. The process has since become 

synonymous with the production of highly sophisticated dielectric 

circuitry, and has found exploitation in a wide range of contemporary 
electronics applications. This technology has already transcended beyond 

the remits its original purpose, and filtered into the vocabulary of many 
A/C, who have created a successful marriage between the science of 
electroforming and art. During the 1960s the artist/sculptor, Walter 
Ritchie, working in collaboration with the electronics industry, produced a 
series of striking and sophisticated decorative panels (Fig. 5/6) intended 
for architectural installation. In doing so, he illustrated the scope and 
potential for harnessing the hidden attributes of a fairly mundane industrial 

process, and exploiting them in order to establish a new and exciting form 

of, creative, and aesthetic expression. This is merely one example of the 
many comparable opportunities which are still awaiting exploitation by the 
A/C today. 

Section 2: Electroforming 

Basic principles 
Electroforming was a major impetus, in providing the commercial 
momentum for sustaining and developing the electrodeposition of non- 
conductive substrates. Historically the art form, referred to a 
`galvanoplasty', employed a diverse range of non-conducting substrates as 
mandrels (Fig. 5! 7) - surrogate moulds and formers upon which metal 
deposition occurred. After processing, the deposit was intentionally 
separated from the mandrel to produce an independent self-supporting 
metal structure -a duplicate facsimile of the original. Mandrel selection 
was determined by the physical characteristics, and surface qualities which 
were to be engendered within the final electroform. Although fairly 

elementary and straightforward procedures were involved in producing 
deposits of sufficient thickness and density to be self-supporting, long 
extended plating periods were essential, rendering the process notoriously 
slow and labour intensive. Whilst this limited the commercial potential of 
electroforming to specific design scenarios, it made the process 
particularly suitable to creative exploitation by the A/C. 

Throughout history, electroforming was predominantly employed for 
decorative applications, and was regarded as an art form in its own right. 
Today if the process, is used with ingenuity and enterprise, it is still 
capable of opening up an exciting range of creative possibilities for the 
A/C, particularly when used in conjunction with other metal-forming 
techniques to fabricate artefacts. Since its inception, electroforming has 
undergone diversification, finding contrasting forms of expression in 
industrial and engineering applications. The production of sophisticated 
components, which have demanded a high level of accuracy and 
dimensional stability, has served to further advance and promote the 
technical potential of the process. If the knowledge derived from industry 
can be selectively absorbed and manipulated, it then becomes possible to 
identify features which are of direct relevance to the A/C. These can only 
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Fig. 5/6 "Wild Oat Seeds" by Walter Ritchie 

_Ab (A 
WP? 

. 
Printed circuit techniques have been used in the creation 

of modem art forms. This example demonstrates the 
bold definition and striking modem appearance of 

decorative work carried out by this medium 

(Source: SPIRO, P. (1971) Electroforming. Draper Ltd., p. 188. 
Copper Development Association, London. ) 
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Fig. 5/7 Reproducing Statues and other 
Intricate Objects by Electroforming 

(From U. S. A. Pat. No: 218,473 - 1879) 
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be reciprocal in further extending the repertoire of skills and opportunities 
open to exploitation by the A/C in pursuing the process for creative effect. 
It has been this lateral interpretation by contemporary A/C (particularly in 
the field of jewellery) which has enabled industrial techniques and 
processes to be harnessed for aesthetic purposes in ways never previously 
considered feasible. This is one example of how A/C can strive to further 
enhance the creative potential and exploration of the process in the future. 

Electroforming mandrels 
As already stated, electroforming involves the deposition of a substantial 
thickness of metal on to a temporary former, referred to as the mandrel. 
After deposition, this is divorced and withdrawn, to leave the 
electroformed component as an independent and free-standing facsimile. 
Various types of mandrels are available. These are generally classified as 
permanent or expendable. 

Permanent mandrels can be used repeatedly, and are therefore 
commonly employed in commercial contexts where the high outlay/cost of 
engineering a highly accurate former can be spread over the production of 
a large volume of electroforms. These are usually metallic (although PVC 

and epoxy resins are occasionally used), and tend to be composed of 
materials (e. g. steel, chrome & nickel) which do not readily accept 
adherent deposits without preliminary treatment. This criterion together 
with the need to avoid complex undercuts, determines the design 
specification of the mandrel, which must enable the electroform to be 
readily extracted after use. By comparison, expendable mandrels are 
designed to be used just the once, and are therefore unique. They are 
typically fabricated from plastic, wax, plaster, and alloy metals, materials 
which can easily be destroyed or removed after electroforming, through a 
process of chemical dissolution (using organic solvents), melting, or 
physical pressure. Whilst expendable mandrels are time consuming to 
produce, they are fairly cheap, and offer greater flexibility in design 
because they are suitable for electroforming undercut and complex forms. 
These properties make expendable mandrels directly applicable to creative 
exploitation by the A/C. 

Mandrels are fabricated to replicate the internal or external surface of 
a form. Where the external surface of the intended artefact is of greatest 
significance, the internal surface of the mandrel upon which deposition 
occurs- is of the upmost importance. Conversely, where the internal surface 
of the intended artefact is of significance, the external surface of the 
mandrel must be designed with greater care. The actual preparation of any 
mandrel depends upon its material composition. Following cleansing, 
conductive metal mandrels require chemical passivation to prevent strong 
adhesion, and enable the completed electroform to be parted from the 
substrate after deposition. This is in contrast to non-conductive substrates 
which, if porous, must be lacquered to make them impervious to the 
electroplating solution. Metallization, procedures then follow to render 
them electrically conductive, in final preparation for deposition. Basic 
information regarding these procedures is referred to in the Chapter 6B. A 
range of specialized texts are also now available and recommended for 
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consultation by A/C requiring further details on electroforming techniques, 
since whilst applicable to the creative pursuits of the A/C, this subject is 
outside the remits of this thesis. 

Electroforming can only be performed using specific electroplating 
solutions. Regardless of whether the process is intended for technical 
applications, where high dimensional accuracy is required, or creative 
applications for replicating surface texture, the solutions selected for use 
must be capable of depositing metal in a low state of stress to produce 
electroforms which are structurally sound and of a good visual appearance. 
As a result, the widespread commercial exploitation of the process has 
been limited to electroforming copper, nickel, and iron. In addition to this, 
gold and silver are also occasionally employed in special applications, 
particularly in the manufacture of sophisticated laboratory equipment and 
jewellery, where it is possible to justify greater financial investment. These 
metals are capable of being deposited in a low state of stress and are 
therefore ideally suited to electroforming and electrodepositing non- 
conductive substrates. This common denominator provides the A/C with 
the potential, and flexibility to generate an extended repertoire of creative 
effects. In particular it places the practitioner in an ideal position to cross 
boundaries, and integrate the techniques of electroforming with those of 
electrodepositing glass to create and synthesize decorative effects and 
exquisite artefacts. This identifies an area for creative exploration in the 
future. 

Electroforming techniques offer many advantages in the fabrication of 
metal forms within both artistic and industrial contexts, which are worthy 
of identification to assist the A/C in recognizing and exploiting the process 
to optimum effect. A range of mandrel materials can be used to 
electroform and duplicate complex forms with absolute dimensional 
accuracy. Whilst some design limitations exist, the process can be used 
with ingenuity, to fabricate forms with re-entrant angles. In particular, 
electroforming lends itself to the production of large hollow forms which 
are structurally sound and light in weight. These unique qualities offer the 
A/C the opportunity to manipulate precious metals, gold and silver, in the 
production of aesthetic artefactslobjects d'art in a manner which is 
financially expedient and requires minimal capital investment. This 
enables the production costs to be recuperated when the artefact is sold. 
Furthermore, with skill and patience, electroforming procedures can be 
controlled to enable metal deposits with specific properties to be formed. 
This is not merely of relevance within the context of functional/technical 
applications where properties of corrosion resistance or durability may be 
specified, but has equal gravity where the deposited metal is intended for 
post-treatments, e. g. patination which offers specific decorative/aesthetic 
attributes. It is also worth noting that in many technical applications, for 
example in electroforming waveguides, thin laminates of different metals 
are built up through the process of electroforming to instilling specific 
structural and electrical properties. This in itself illustrates the flexibility of 
the process. Electroforming is a valuable source of inspiration for the A/C, 
which is capable of being exploited in structuring and customizing 
aesthetic forms and creative components. 
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Historical precedences 
Electroforming techniques relied upon the use of a diverse array of non- 
conductive mould making materials. One of the earliest and most 
extensively employed applications of the electroforming process was in 

the production of `electro-typed' printing blocks. Mandrel materials 
typically included glass, carved lead - which was passivated in a 
dichromate solution to permit separation - and sheet wax, `ozokerite', 

which when warmed and softened could be subjected to a hydraulic press 
to replicate mould impressions, prior to being rendered conductive with 
plumbago or graphite. These were subsequently superseded by more 
contemporary mould-making materials. Of a cleaner and more convenient 
nature, these included plastics, metal, and rubber, which were metallized 
using silver sprays, and then electroformed to produce durable, rigid, 
electrotyping shells - exact facsimiles of the originals. On completion, 
these electroformed impressions were reinforced and backed with a 
resilient supporting deposit comprising of an alloy of tin, lead and 
antimony to provide the printing blocks with good durability and 
serviceability. Associated printing operations such as ̀ photogravure' 
involved electroforming metal on to large rotational printing cylinders. 
Here a chemical parting medium was employed to enable the deposit to be 

released on completion. This was in contrast to the process of lithography 
which involved electrodepositing a bi-metallic printing surface of copper 
and chrome. The process was quite ingenious in its concept, since the 
copper absorbed the ink, whilst the chrome acted as a resist, repelling the 
ink, enabling imagery to be printed in selected areas. Even today these 
electroforming skills still find commercial application within the printing 
industry. 

Non-conducting materials were also commonly used as 
electroforming mandrels in the production of metal leaf and foils. In 
principle the process was equally suited to fabricating unique objects as to 
mass production scenarios, where it was used in the commercial 
manufacture of industrial sieves, matrixes, filters and gauzes (Figs. 5/8 and 
5/9). Electroformed silk screens were used for printing patterned fabrics 
and carpets, as well as for producing perforated electric razor foils and 
reticulated cylindrical drums. The process incorporated principles and 
practices which, even today can still be drawn upon and exploited by the 
A/C to generate an infinite array of decorative effects and aesthetic forms. 
With corresponding implications the electroforming process was also used 
for embossing/engraining plates for texturing hides fabrics and paper (Fig. 
5/10). This produced a rich, delicate and lavish variety of metal foils 
bearing shallow, superbly detailed relief patterns. Their ornamental value 
did not go unnoticed. Electroformed domestic tiles, interior friezes, and 
decorative templates emerged, exquisitely embellished, with a dialogue of 
patterned intaglio designs. In particular permanent steel mandrels were 
used in the commercial production of ornamental medallions, which were 
emblazoned with military regalia and possessed a decorative novelty 
value, which enabled the process to increase in popularity. This attribute of 
the electroforming process is still appropriate to exploitation by the A/C 
today. 
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Fig. 5/8 Electroformed Nickel Precision 
Filter for Orange Juice 

Machines 

this application 

Fig. 5/9 Close-up of the Screen 
Shown in Fig. 5/8 (above) 

(Source: SPIRO, P. (1971) Electroforming. Draper Ltd., p. 211. 
N. V. Veco Zeefplatenfabriek, Holland) 

The corrosion resistance of nickel is important in 
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Fig. 5/10 Leather Grain and Embossing Die 

(Source: SPIRO, P. (1971) Electroforming. Draper Ltd., p. 109. 
Ringler-Dorin Inc., New York, USA. ) 

The reproduction of fine detail is apparent 
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Electroforming played a fundamental role in gramophone record 
production. The following historical description of the process has been 
included to illustrate two points. Firstly, the technical ingenuity of the 

process, which employed a broad range of non-conductive mandrels and 
metallization procedures, and secondly, the feasibility of electroforming 
negative, duplicate structures from positive electroforms. Characteristics 

which could be adapted and tailored to extend the technical skill and 
creative repertoire of opportunities open to exploitation by the A/C. First 

emerging around 1894, the process involved etching soundtracks on to 

zinc mandrels. These were subsequently electroformed with copper to 
produce facsimiles, reproductions which from 1897 were employed as 
record stampers (Fig. 5/11) for the f irst commercial production of ebonite, 
and later shellac, records. By the 1900s, zinc discs had largely been 

superseded by wax mandrels, which generated soundtracks of a superior 
quality. With technical progress, metallization procedures underwent 
diversification. Graphite and gold dusting procedures were replaced by 

gold sputtering and vacuum deposition which facilitated the formation of 
more highly conductive and sensitive surface films. Once prepared the 
mandrel was electroformed using a copper sulphate solution to produce a 
master electroform, a negative copy of the original. This was used as the 
basis for electroforming a series of identical duplicate stampers, tools 
which were destined for use in the industrial, mass production of records. 
Before processing, the surface of the master was passivated to assist in 

separation. This was then electroformed to produce so called second, and 
subsequently, third generation copies. Once backed and mounted, these 
were used as pressing tools for stamping out records in appropriate 
materials. Although every record produced was therefore four times 
divorced from its original, the accuracy of the electroforming process was 
sufficient to ensure that the quality of the soundtrack was preserved. 

From the 1930s onwards lacquered discs superseded fragile waxes as 
electroforming moulds/mandrels. These were metallized using wet 
silvering/mirroring procedures which were found to be more compatible 
with the new mandrel materials, and offered greater process efficiency and 
cleanliness. With progress, the soundtracks became finer, trebling the 
amount of information which could be recorded. Also, new materials, 
including vinyl-co-polymers, became of widespread use in the production 
of records, which became thinner, stronger, and more versatile. 
Contemporary innovations have since modernized the process still further. 
More recently cellulose lacquered aluminium discs have been employed as 
mandrels, these have been metallized using silver spraying technology. 
Chrome-faced nickel stampers have also taken precedence over copper 
formers as the pressing tools for moulding vinyl records. These 
advancements in the evolution of the process were the result of a rich diet 
of research and experimentation, which reflected both the innate flexibility 
and creativity of the electroforming process, and the imagination and 
dexterity of those entrepreneurs who pioneered, challenged, and exploited 
its use. Above all else this experience highlights a philosophy and 
approach which if adopted by the A/C could be an invaluable asset in 
researching and challenging the process in years to come. 
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Fig. 5/11 A Record Stamper 

Fig. 5/12 An Electroformed Spray Mask 

Gramophone records are pressed between electroformed nickel 
"stampers". Accuracy of moulding is within a few millionths of an inch 

(Source: SPIRO, P. (1971) Electroforming. Draper Ltd, 
top; p. 112. C. B. S. Records Ltd., London. Bottom; p. 224) 
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During the 1940s nickel electroforming found a new niche as a tool 
for facilitating the mass production of plastic and acrylic teeth (dental 

prostheses), which in particular found exploitation in fabricating 

electroformed moulds. These were used in the lost-wax casting of gold 
alloys for dental bridges, inlays, and crown restorations. The process was 
relatively simple initially impressions of the patient's palate were taken 
using a mouldable plastic, which was subsequently rendered conductive 
and used as an electroforming mandrel. A wide range of metallization 
media were advocated, for use, today many of these are renowned for their 
curiosity rather than their practical value. Examples included oil-based 
bronzing powders, and colloidal graphites. The latter were reduced using 
iron filings and a solution of copper sulphate. A more intriguing process 
incorporated the use of a series of solutions, namely phosphorus in 
alcohol, ammonical silver nitrate, phosphorous in benzene, carbon 
disulphide, photographic developer, and gold chloride, which were used to 
precipitate an electrically conductive film for subsequent electrodepostion. 
Advancements in metallizing techniques led to the wide-spread use of 
silver bound lacquers, and later chemical silvering (mirroring), which 
proved especially appropriate in maximizing and preserving fine surface 
detail. Within this context, electroforming was used as a tool for mass 
production, yet the process retained sufficient flexibility to permit the 
fabrication of prosthesis, which were designed to fit the specific and 
unique requirements of each individual dental patient. This underlying 
philosophy renders the process applicable to, and directly analogous with 
that of the craftsman's activities. Of particular notoriety the process relies 
upon the use of a sophisticated, practical and convenient mandrel forming 
material. This was capable, through hand modelling and compression, of 
faithfully reproducing textural detail, and of opening up the opportunity to 
electroform three dimensional artefacts. Recently the emergence of hi-tech 
plastics has rendered the process obsolete, and dentistry has relinquished 
its former reliance upon electroforming technology. 

Historically low-technology plaster casts were used as support 
mandrels for electroforming dental prostheses. Due to their inherent 
porosity, these had to be rendered impervious, with shellac and wax, 
before undergoing metallization procedures, using an admixture of 
traditional procedures. Documents illustrating this also capture the 
exuberant confidence, spontaneity and excitement of the early pioneers 
who cross-fertilized conductivity procedures with great ingenuity in a bid 
to further research, develop, and extend the boundaries of the process. This 
enthusiasm, carried forward by the momentum of a period of aesthetic and 
technical innovation, also filtered into the more creative and decorative 
applications of the electroforming process. Craftsmen eagerly borrowed, 
adapted, and transcribed processes to give rise to decorative and sculptural 
forms. This manifested itself in the electroforming of plaster frames, 
pedestals, medallions, clocks, filigree work, and decorative/interior friezes. 
The technique evolved into an art form which was widely acknowledged 
for its creative ambience. Essentially the low technological limits and 
opportunity for practical experimentation made the process directly 
appealing and accessible to the A/C. Today this established brand of being 
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electroforming has largely been forgotten, yet if revived, this technology is 

capable of being exploited by A/C to discover the full creative potential of 
the process. 

The upsurge in commercial electroforming which began to emerge in 

the 1950s enabled the process to permeate into an ever increasing range of 
engineering applications. In particular the process played a fundamental 

role in the commercial production of electrical waveguides, which found 

widespread exploitation in radio communications and satellite tracking 
equipment. In order to electroform these sophisticated components to 
precise specification, a broad range of non-conducting mandrels 
(fabricated from Perspex, acrylic, plastic, and wax) were used. These were 
metallized using chemical silver reduction or burnished graphite, before 
being processed using standard electroforming procedures. It is evident 
that the principles and practices behind this process offer enormous scope 
and potential for A/C wishing to produce creative artefacts of comparable 
definition and dimensional accuracy. The knowledge derived from the 
production of waveguides can be used to create hollow, lightweight forms, 
since the technique readily lends itself to A/C as a source of structural and 
decorative inspiration. Advancements in electroforming technology have 

since enabled the process to permeate into other specialized applications. 
In contemporary years, passivated steel mandrels have been used for 

electroforming helicopter rotary blade tips and shields, which for flight 
endurance have to be fabricated to finite tolerances to withstand abrasion 
and fatigue. Electroforming has also been exploited in fabricating screens 
for masking objects particularly toys (Fig. 5/12) in preparation for 
commercial spray painting. The masks were created by electroforming 
metal on to an original samplelprototype article which functioned as a 
surrogate mandrel. As a result, on completion the duplicate metal mask 
was guaranteed to assume a perfect fit with the original article, creating a 
hermetically tight seal, which prevented excess spray from seeping and 
bleeding beneath the protected areas. These industrial screens were not 
only technically superior to their predecessors and infinitely reusable, but 
they were also commercially and economically viable. 

Amongst more contemporary applications, electroforming has been 
advocated for mould making, particularly for producing compression, 
blow, and extrusion moulds which were used in the precision casting of 
various thermoplastics. Many of these moulds are electroformed in copper, 
although nickel also played a decisive role in their development. In 
principle, this mould making application originated from research 
undertaken by Walter a Canadian-German firm, which established an 
innovative precedent for electroforming imitation carved wooded forms. 
Specialized moulding composites were employed to produced ornately 
electroformed frescoes, which were used as decorative inlays in designing 
furniture. Paradoxically electroformed moulds have also been employed in 
the glass making industry for blowing and pressing procedures. For 
technical reasons, this process never underwent true commercial 
exploitation. However, experiments were conducted throughout the 1960s 
by Owens Illinois in America, a company which explored the difficulties 
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and potential of utilizing electroforming technology for the commercial 
fabrication of glass forming moulds. 

Summary/Conclusion 

It is hoped that this resume has provided the A/C with an insight into the 
broader context of electrodepositing metals on to non-conducting 
substrates by illustrating its use within a rich diversity of historical 

applications. This valuable source of information should assist the A/C in 
identifying and developing new lines of enquiry, which can be drawn upon 
and exploited to complement and enrich the process of electrodepositing 
metals on to glass. It must be acknowledged that with vision this chapter 
has the potential to open up a vast array of opportunities to the A/C. 
Essentially it has been designed to stimulate and provoke future research 
and exploration into the feasibility of cross-referencing, technical 
procedures and creative potentials implicit to the more general art forms of 
electrodepositing non-conductive substrates and electroforming. With 
ingenuity, patience, and a willingness to learn from mistakes, this will 
enrich the vocabulary, skill, and technical prowess of the A/C, so fuelling 

the vehicle of creative expression. Only by challenging existing 
boundaries will the A/C discover an environment filled with unexplored 
creative potential. The marriage of science, technology, and creativity 
within the art form of electroforming provides a rich source of inspiration. 
In particular industrial facets of the process should be celebrated rather 
than viewed with contempt or scepticism, since the knowledge and 
repercussions from the more formal technical developments within the 
plating field can often be harnessed in ways never intended or imagined 
feasible by industry and in doing so to enlighten and expose the untapped 
potential of the process and offer challenging new possibilities for the 
A/C. Furthermore, with skill and discrimination, the process of 
electrodepositing metals on to glass can be interwoven with both 

established and new disciplines, to nurture the enthusiasm, potential, and 
innovation essential to nourishing and sustaining creative exploitation in 

years to come. 
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Chapter 6 

Introduction 
Electrodepositing metals onto glass can only be successfully accomplished 
if suitable preparatory procedures are observed. The criteria for which may 
be summarized as follows; 

1. The surface must be suitably prepared. Accordingly this may 
incorporate surface roughening, followed by meticulous 
cleansing. (A water wettable surface is essential to promote good 
adhesion during subsequent electrodeposition. ) 

2. Areas requiring metal deposition must be rendered electrically 
conductive. 

3. The object must be properly suspended to provide both 

mechanical support and a discrete electrical contact. (Larger 

objects may require multiple contacts/electrode wires. ) 

These three criteria are essential to initiating the successful 
electrodeposition of metal onto glass. In addition, the surface area of every 
artefact requiring electrodeposition must be calculated to enable the 
correct current density to be determined (refer to Chapter 4D). The A/C 

must also remember to consider the design and shape of the artefact, so 
that strategies for positioning it in the tank can be adopted which will to 
optimize the chances of achieving successful deposition. These points are 
discussed in Chapter 4E where advice is provided to assist the A/C in 

avoiding the pitfalls of inadvertently creating objects which are difficult or 
unsuitable for the plating process. 

The following chapter is divided into 4 main sections. The main 
objective of the first two sections is to provide information, guidelines and 
recommendations for fulfilling the three criteria outlined above. As such 
Chapter 6A will relate to roughening, cleaning and suspending the artefact, 
and Chapter 6B will refer to "metallizing" procedures which are designed 
to render the glass electrically conductive. Assuming this preliminary 
preparation has been successfully implemented, Chapter 6C will then 
provide advice on introducing the artefact to the electroplating solution, 
and to initiating, sustaining and finally terminating the deposition process. 
The most difficult issue in electrodepositing metals onto glass - that of 
achieving a strongly adherent bond between the metal and glass will be 
addressed in Chapter 6D. In summary this chapter will verse the A/C with 
practical procedures and recommendations implicit to electrodepositing 
metals onto glass. 

Whilst this synopsis deals specifically with electrodepositing glass the 
process cannot be viewed in isolation from the electrodeposition of other 
non-conductive and conductive substrates. This is a reflection of the 
broader context within which the A/C operates. In practice the creative 
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process is informed and enriched by the cross-fertilization of techniques 
and the chaotic interspersion of other processes and materials. The A/C 

may for example wish to exploit the flexibility of the electrodeposition 
process to join inherently different materials and disparate components 
within a single form. This can only be facilitated through a broader 

understanding and knowledge of how to prepare various substrates for 

electrodeposition. To enable this approach to be actively pursued a 
summary of treatments which relate to methods of roughening and 
cleansing non-conductive and conductive substrates is presented in Section 
1 of the Appendix to Chapter 6A. This is not comprehensive but 
nevertheless provides a series of useful guidelines and recommendations 
for the A/C. A wide variety of literature is now available which deals with 
this subject in greater detail. This should be consulted as the need arises. 
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Chapter 6A 

Surface Preparation 
The preliminary preparation of glass substrates involves two procedures, 
firstly surface roughening and secondly surface cleansing. These stages are 
essential to provide a mechanical surface key and promote good adhesion 
in electrodepositing metals onto glass. Recommendations for conducting 
these procedures will be laid down in the following section which will also 
describe techniques for wiring up/suspending the artefact. This procedure 
can be implemented before or after metallizing the artefact according to 
the personal preference of the individual A/C. 

Section 1: Surface Roughening 
The electrodeposition of metals on glass, relies emphatically upon the 
principle of "encapsulation" to bond the metal to the glass (This is 
explained in detail in Chapter 6D). This form of mechanical adhesion is 
necessary because truly independent/tenacious adhesion does not exist. 
Surface roughening procedures are frequently adopted in conjunction with 
this fundamental principle to provide a good surface key. This is an 
advantage in initiating and promoting a superior level of adhesion 

Whilst surface roughening procedures are an advantage they may 
compromise the aesthetic appearance of the artefact beyond that 
considered acceptable by the A/C. In these circumstances 
electrodeposition may still be feasible provided that the principle of 
encapsulation is strictly followed and careful consideration is given to 
selecting a strongly adherent metallizing medium (refer to Chapter 6D). 
However it should be emphasized that glazed/reflective surfaces e. g. 
window glass or highly polished surfaces (including those which have 
been burnished with polishing agents such as cerium oxide or zirconium 
oxide) are neither practical or recommended for electrodeposition as the 
resulting deposit will exhibit negligible adhesion. 

It is essential to remember that the physical properties and 
characteristics of the substrate cannot be considered in isolation from the 
actual electroplating procedure. Electrodeposited metal will reflect the 
condition and surface qualities of the underlying material with precision, 
therefore surfaces must be as smooth, rough or textured as is considered 
aesthetically desirable prior to deposition. Furthermore the process cannot 
be used to hide/disguise any cracks, fractures or poor workmanship since 
these imperfections will only be amplified and exaggerated through the 
electrodeposition process. Essentially the deposited metal will define, 
replicate and portray surface texturing with extreme sensitivity. 
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Practical procedures 
Surface roughening procedures can be divided into two main categories, 
chemically based techniques such as etching and physically based 

techniques such as sand/bead blasting, engraving, cutting or grinding (Fig. 
6/1). Each of these techniques is discussed in the following resume. these 
have been prioritized and presented in descending order of their 
recommended use. This is designed to denote their feasibility and practical 
effectiveness in promoting good adhesion. 

Method No. 1: Sandblasting 
Where available sandblasting is a highly recommended method of surface 
roughening glass. Compressed air is used to blast, abrasive sand onto the 
surface to produce a matt sheen. This process is especially appropriate for 

abrading inaccessibleldifficult crevices and holes. This technique is also 
useful for carving, modifying and changing the contours of a shape or 
form and provides excellent surface coverage. An abrasive medium 
comprising of silicon carbide or aluminium oxide grit is typically used on 
glass. Essentially sandblasting is a dirty process and care must be taken 
during subsequent cleansing to ensure all abrasive debris is removed, 
particularly from hidden crevices etc. This can be carried out effectively 
using either conventional solvents or lacquer stripping procedures. The 
latter of these techniques is referred to in Section 2 of the Appendix. 

A closely related but superior process to sandblasting is bead-blasting. 
Operating on an identical principle this technique is faster and has the 
advantage of producing a mechanically clean surface. Furthermore 
provided that the surface of the glass is not contaminated with finger 
greases etc. from physical handling the object, the resulting surface is 
usually pure enough to facilitate the direct application of a conducting 
media and subsequent deposition without the need for any intervening 
cleaning cycle. 

Method No. 2: Grinding 
Grinding operations for shaping and abrading the surface of glass can be 
performed using flat bed grinders, vibrating reciprolaps or hand lapping 
techniques. These operations all employ water possible in conjunction 
with a small amount of soap as a lubricant to allow the free distribution 
and movement of the grinding compound in abrading the surface and to 
retain the glass in a cool condition. (Reducing the friction of the grinding 
action minimizes any increase in the temperature of the glass which in turn 
helps to counteract the build up of stress). The grinding medium, which 
must be harder than the glass to be abrasive typically comprises of emery, 
carbide or carborundum grit. These abrasives can be purchased in a range 
of grades, from rough- typically 180 grit to very fine- typically 600 grit. 
Grinding and cutting techniques are slow, laborious and dirty. Therefore it 
is imperative that any glass components treated in this manner are 
thoroughly cleaned before moving onto the next stage of the preparation 
process. 

Method No. 3: Cutting and engraving 
The mitred and rounded sections of carborundum and stone wheels can be 
used for intaglio engraving/cutting and elaborately decorating the surface 
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Fig. 6/1 Surface Roughening Techniques 

Abrading or texturing the glass produces a good surface "key". During the electrodeposition 
process this can be used in conjunction with the principle of encapsulation to initiate and 

promote a good level of surface adhesion 

/. 

-- 

Cutting/Intaglio engraving: Carborundum/stone wheels can be used to create 
mitred/scalloped surface qualities 

Kilnforming: Slumping/casting glass over a textured base mould 
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formal surface qualities 

All 

Hot glass techniques: Using optical moulds and sand to create interesting surface textures. 
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of the glass. Alternatively, for very fine and exquisite surface detailing, 

glass can be sculptured using copper wheel engraving techniques. The 

resulting array of marks and indentations comprising of serrated edges, 
grooves, scalloped surfaces, faceted panels, mitred bevels, oblique 
chamfers, and ground conical hollows in the surface of the glass, perform 
both a decorative role and create an irregular and roughly abraded surface, 
which provides an ideal bonding cite for promoting good adhesion during 

subsequent electrodeposition. 

Method No. 4: Flexidriving procedures 
The flexidrive is used in conjunction with a set of interchangeable shanks 
bearing diamond impregnated miniature burrs. Designed to varying 
profiles these tools provide sharp, abrasive cutting edges. Driven by a 
motor the burrs rotate at high speed to erode and grind away the glass. 
Discharge of the ground glass which is essential to aid cutting power and 
efficiency is assisted by a cold stream of running water, which also 
relieves stress and prevents the glass from cracking. The miniature scale of 
the burrs renders them suitable for a latitude of creative mark making, 
especially for scoring/scribbing outlines and contours, burrowing and 
excavating deep furrows and producing drawn and linear designs. Whilst 
the technique offers accuracy, sensitivity and flexibility the quality of the 
final effect will be dependent upon the technical proficiency and creative 
virtuosity of the A/C. 

Method No. 5: Kilnforming techniques 
It is feasible to incorporate textural and tactile surface qualities into a 
mould, for the purpose of slumping and casting glass in the kiln. Surface 
detailing can be used to generate both relief and embossed surface texture, 
providing an interesting aesthetic quality and an ideal bonding cite for 
maximising adhesion between the metal and the glass. Metal components 
integrated into the surface of the glass during the forming process, also 
provide a good surface key during subsequent electrodeposition. 

Method No. 6: Hot shop techniques 
Optical dip moulds, centrifuging procedures and pressing techniques can 
be used for manipulating the surface of hot glass. Trails and rods can also 
be applied to engender an array of irregular patterns, undulating ripples, 
striations and spiralling configurations on the surface of the glass. A 
variation of this procedure is to roll, sprinkle or apply a coarse, abrasive 
medium to the surface. For example silver sand, shards, grains or chips can 
be picked up and applied to hot glass in the glassblowing studio to form 
occluded particles and create a diverse array of textural and tactile surface 
qualities. 

Method No. 7: Etching 
Etching techniques have been used to simultaneously abrade and cleanse 
the surface of glass giving rise to a clear, frosted or pitted appearance. 
However this process is not generally recommended for use because 
firstly, the resulting surface is very smooth, which limits its effectiveness 
in permitting and promoting good adhesion, and secondly, etching 
solutions are composed of highly toxic and dangerous chemicals which are 
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hazardous to use and difficult to dispose of. Since etching procedures 
provide an unreliable and therefore ineffective method of roughening glass 
they can only be recommended for cleaning purposes. 

Section 2: Surface Cleansing 
Surface cleansing is the next stage in preparing a glass substrate for 

electrodeposition. The importance of this procedure must not be 

underestimated. The purity of the surface will play a significant role in 
determining; 

o The level of adhesion between the metal and the glass: This is 
dependent upon cleanliness. Adhesion will be negligible/extremely 
poor on objects which are contaminated with grease, soil or dirt. 

o The physical quality and aesthetic appearance of the resulting 
deposit: Any imperfections, flaws, dirt or grime present on the 
surface of the glass will become an integral part of the 
electrodeposited metal creating a physical weakness and inducing 
stress. Furthermore this debris must be eliminated from the surface 
of the glass prior to introducing it to the bath to avoid 
contaminating the electroplating solution. 

The consequences of inappropriate, careless or inadequate cleansing 
procedures 
Inadequate surface cleansing is the primary cause of poor adhesion and the 
root cause of many other electroplating problems which are frequently 
encountered. As such this common malpractice should always be 
suspected until vindicated. The consequences of using inadequate cleaning 
methods will become evident in a range of plating defects including, 
discoloration, blistering and peeling which accumulatively lead to non- 
adhesion, through to patchy, spotty and incoherent deposits, or in extreme 
cases complete deposition failure. A scrupulous cleansing regime is 
absolutely crucial. Whilst this is an arduous task, it is a ritual which will 
pay huge dividends in circumventing bad results, which are both 
disappointing and difficult to rectify. 

Methods of applying cleansing media 
Several methods of applying cleaning agents are now available. Those 
most commonly exploited by the A/C tend to be hand cleaning techniques, 
such as scrubbing and polishing, or chemical immersion. These techniques 
are particularly convenient because they are ideally suited to preparing one 
off pieces, as well as the large volumes of work which are likely to be 
encountered in small scale production work. Simple spray cleaning 
devices are also frequently used. The high pressure, velocity and shear 
force exerted in spraying cleaning fluid against a surface makes the 
process excellent for eradicating dirt and debris from hidden crevices, 
which would otherwise be extremely difficult to reach. 
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The essential criteria of a good cleansing cycle 
For practicability and efficiency cleaning cycles adopted for use by A/C 

should be kept as simple, effective and economical as possible. 
Complicated procedures often inadvertently lead to poor finishes and incur 

unnecessary expenditure on materials. There appears to be no single, 
universally accepted method of cleaning glass. This is because cleaning 
techniques tend to be uniquely tailored firstly, to deal with the type of soils 
likely to be encountered within a given scenario (these are referred to in 
Section 3 of the Appendix) and secondly, to be compatible with the 
metallization procedure which follows. To perform this role effectively the 
cleaning procedure must be made up of several consecutive stages, which 
interact to form a cleaning cycle. Whilst an appropriate cleaning procedure 
can only be identified through a process of personal, practical and 
empirical experimentation certain basic guidelines can be laid down. A 
competent cleaning cycle should include the following stages: 

(i) Solvent cleansing. 
(ii) Alkali cleansing. 
(iii) Etching (optional) 
(iv) Rinsing. 

These processes have a complementary effect when used in 
conjunction with one another (and/or in association with acid etching) and 
should be adequate to obtain a scrupulously clean surface which is 
necessary for successful electrodeposition. Within the following 
explanation each of these three , 

fundamental stages will be described in 
further detail and where appropriate practical guidelines and 
recommendations will be made. This basic introduction will assist the A/C 
in understanding the main purpose behind each of these procedures and 
provide information on their method of application. At the end of this 
explanation two specific cleaning cycles which exemplify and illustrate 
these stages will be enumerated. Either of the cleaning cycle referred to is 
recommended for practical exploitation by the A/C. 

(i) Solvent cleansing 

IMPORTANT - Safety precautions must be observed when using 
solvents. They are corrosive, highly toxic and easily absorbed through skin 
contact or inhalation. As solvents evaporate they saturate the surrounding 
air so good ventilation, and protective gloves and clothing are a mandatory 
requirement. For safety reasons where ever practical it is advisable to use 
solvents which are non-flammable, involatile and of a low toxicity. 

This is a precursory stage to alkali cleaning. Solvent cleaners which 
are organic in nature and contain soluble emulsifiers are principally used 
to remove large excesses of oil mineral grease, lubricating oils, fats and 
other miscellaneous waxes. They perform this function by dissolving and 
releasing residues on the surface of the glass. The process may involve 
agitated dipping, immersion soaking or where the grease is especially 
tenacious abrasive surface scrubbing with an implement e. g. a toothbrush 
saturated in the solvent. A far superior method of applying solvents is 
through vapour degreasing, but this technique is not generally within the 
practical remits of the A/C. 
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Several methods of solvent cleaning are suitable for exploitation by 

the A/C. One of the simplest and most proficient involves scrubbing the 
surface of the glass with cotton wool saturated in a mixture of alcohol (or 

ammonia) and chalk (calcium carbonate). This may also be applied as a 
paste. Small rotational movements can be used to scour this into the 
surface of the glass with a small scrubbing brush (Note: cloths saturated in 

solvents are used as lens wipes for cleaning spectacles and mirrors). This 

particular procedure is employed within industrial contexts and is 
frequently advocated for use where more sensitive metallization 
procedures, such as lustring, chemical reduction and vacuum deposition 
are to follow. Further details regarding the application of this cleaning 
procedure within the commercial context of manufacturing mirrors can be 
referred to in Section 4 of the Appendix. 

Alternatively for health and safety reasons and for practical and 
financial expedience, the A/C can employ aliphatic compounds such as 
acetone which are particularly suitable for this cleansing application. Other 
aromatic compound such as kerosene are also good solvents but tend to 
have the disadvantages of being expensive, toxic and highly flammable. A 
common alternative is to use a 50/50 mix (by volume) of benzene and 
carbon tetrachloride (a non-flammable liquid). As solvent cleaners 
evaporate they precipitate a light film of grease on the surface of the glass. 
This will be removed by the next stage of the cleaning cycle, which 
employs caustic alkali cleaners. 

(ii) Alkali cleansing 
Alkaline cleaners basically comprise of standard soaps and detergents. 
These are highly effective in liberating water soluble debris including 
animal/vegetable greases and soiled dust particles form the surface of the 
glass. The soap is dissolved in warm water to form a soak cleaner. Any 
increase in the temperature of the solution or concentration of the 
detergent used will accelerate the effectiveness and speed of the cleaning 
action. (The method by which dirt is dispersed by alkali cleaners is 
described in Section 5 of the Appendix). Agitated scrubbing or pressurized 
spray cleaning is particularly effective in dislodging and transporting soils 
away from the surface. 

Conventional household detergents such as "Dreft" (or "Fairy Liquid") 
are particularly suitable for immersion cleaning. These soap powders 
should be diluted in a concentration of 30 - 60g per litre (4 -8 oz/gal. ) of 
water. Where very heavy or resilient debris is present, on the surface of the 
glass stronger more caustic formulations can be employed (as referred to 
in Section 6 of the Appendix). However, it should be noted that caustic 
solutions are highly corrosive. It is therefore imperative to ensure that 
protective clothing, especially gloves and goggles are worn to avoid direct 
skin contact. 

Alkali cleansing processes are simple, practical and highly effective. 
After cleansing, the glass should be thoroughly rinsed before being 
submerged in distilled water until required for use. Simple clamping 
devices or tweezers and be used to avoid physically handling the artefact 
and causing recontamination. If necessary the glass can be dried before 
undergoing metallization using a pure cotton cloth or warm air. 
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(iii) Acid etching 
Acid etching procedures have long been employed and accepted as a 
tangible means of cleaning glass. Despite their toxic nature, they are 
highly effective which has led to their universal exploitation in both small 
commercial studios/workshops and large industrial concerns. Acid etching 
solutions are highly corrosive and will neutralise and eradicate any form of 
contamination residing on the surface of the glass. They provide a 
particularly useful means of eliminating stubborn soils including 
carbonaceous debris, perspex cements, mercury and resilient surface 
greases. Etching solutions are normally used at room temperature and are 
frequently diluted to alter their concentration according to the strength of 
etch or depth, of the bite required. During the process the glass is 
immersed in an etchant/mordant for several minutes where it undergoes 
aggressive cleansing to receive a satin/polished surface finish. Although 
the process can be employed independently as a cleaning technique in its 
own right it is generally used in conjunction with solvent and alkali 
cleansing procedures. 

IMPORTANT 
Extreme caution must be sanctioned in the use of ALL etching solutions as 
they are notoriously toxic and highly dangerous. The importance of this 
warning cannot be over-emphasized. Few antidotes are available to 
counteract the insidious effects of these extremely corrosive solutions 
which penetrate through skin and bones. It is therefore absolutely 
ESSENTIAL that fully protective clothing including acid resistant aprons, 
goggles, gloves and protective footwear is worn at all times. Professional 
advice must also be sought, regarding the storage and disposal of chemical 
effluents. 

(Acid etching procedures are not recommended for treating glasses 
which contain a high level of barium or lead oxide because adverse 
leaching effects are likely to occur. ) 

Hydrofluoric acid etching solutions 
The strongest and most effective glass etchants are based on 

fluorides. Throughout history hydrofluoric acid in particular has 
received widespread acclaim for its etching/cleaning properties. This 
chemical can be used independently or in conjunction with other acids 
to form a suitable etching mordant and is widely exploited for 
preparing glass for metallization using mirroring/chemical reduction 
procedures. 

Contemporary etching mordants are now available in the form of 
pastes which offer the advantage of safety and convenience. 
Proprietary products such as "glassmatt" produced by Micro-screen 
Printing Supplies, are commercially available and highly 
recommended for use by the A/C as a cleaning medium. These can be 
applied selectively using water resistant stencils and take effect 
rapidly (within 3-5 mins) to impart a smooth, dull texture on the 
surface of the glass. Glass etching products are manufactured in 
several forms and can also be purchased as a solution which may be 
applied through spraying or immersion procedures. A solution 
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comprising of 5% hydrofluoric acid, 33% nitric acid, 2% Teepol and 
60% water (Crawley, 1953, p. 1205) is an excellent universal fluid for 

cleaning glass and silica. These options off the A/C flexibility and 

choice in exploiting the process as a cleansing technique. 
It is crucial to thoroughly rinse the glass on extraction from the 

etching solution. The etching process must be monitored as excessive 
exposure to hydrofluoric acid (particularly in the presence of certain 
residues) may cause a yellow straining or a black streaky appearance, 
especially where mirroring processes are subsequently used to 

metallize the glass. These residues may also inhibit good adhesion 
during subsequent electrodeposition and are likely to have an adverse 
affect upon the chemical composition of the electroplating solution. 

Potassium dichromate etching solutions 
Equally toxic, this alternative etching mordant is based on a mixture 

of chromic and sulphuric acid, a typical example may comprise of a 
solution of potassium dichromate and sulphuric acid. The glass to be 

cleansed is immersed in this hot solution 60 - 80°C (140 - 176°F) for 

a period of approximately 30 mins. On extraction a scrupulous rinsing 
procedure is followed by a 10 minute agitated immersion in 
(concentrated) Nitric acid. This is concluded by a series of water 
rinses. The final stage employs a solution of concentrated ammonia 
which is used to neutralize any remaining residues of acid. This is 

then diluted to form an immersion bath in which the glass is 

suspended until required for metallization. A concluding rinse ensures 
that all traces of the etching solution are removed from the surface of 
the glass. 

(iv) Rinsing 
Artefacts must be thoroughly rinsed between each consecutive stage of the 
cleaning cycle. This will actively prevent "drag-over" which results in the 

cross contamination of one cleaning agent with another (these are 
frequently incompatible) so ensuring the long term effectiveness and 
serviceability of the cleaning solution. This is not only financially 

expedient it will also enable the glass to receive a superior/optimum level 

of surface purification. Rinsing also ensures partially dissolved and 
suspended contamination loosened by the cleaning agent is rapidly 
transported away from the surface of the glass. The thorough rinsing of 
crevices is especially important in allowing and cleaning residues and 
debris to escape. 

Artefacts should be rinsed between each stage of the cleaning process 
in copious quantities of distilled water or alcohol. Where glass is 
transferred from an acidic solution to a caustic/alkaline solution rinsing in 
water is usually adequate. However, in contrast where glass is transferred 
from an aqueous solution to an organic fluid (containing carbon) alcohol is 
recommended as a more effective rinsing medium. Where possible, 
turbulent or vigorous agitation of the rinsing solution should be used (e. g. 
from a running tap) to increase the efficiency of the process. To prevent 
recontamination the final rinse should always be conducted using 
deionized water. 
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Typical cleaning cycles 
The following two methods illustrate entirely different, but equally 
practical and effective procedures of cleaning and purifying glass. Either 

one of these is recommended for direct exploitation by the A/C. However, 
if strongly adherent, good quality deposits are to be promoted during 

subsequent electrodeposition it is essential that these cleansing techniques 
are conducted with meticulous care and attention to detail. 

Method No. 1 (Source: Anna Dickinson in Garratt 1985, p. 41) 
1. Roughen the surface - Beadblast or sandblast, grind with 

carborundum and stone wheels, or cut the surface according to the 
preferred method of decoration. 

2. Etch the surface in a mordant comprising of one part hydrofluoric 
acid and three parts water and leave to soak until a clean, smooth 
surface is produced. This will give the glass a satinized sheen 
(protective clothing and air extraction are essential), and take 
approximately 20 minutes depending upon the strength of the 
solution and the depth of etch required. 

3. Immerse in a neutralizing solution : This will stop the corrosive 
action of the acid on the glass (and prevent any potential 
contamination of the electroplating solution) 

4. Rinse and swill thoroughly for at least 5 minutes in running water. 
Method No. 2 (Source: Lewis 1990, p. 121) 

1. Roughen the surface using the technique referred to in Method 
No. 1. 

2. Swab with a degreasing solvent - Tri-chloroethylene or acetone. 
3. Rinse thoroughly in distilled water containing a wetting agent - e. g. 

Teepol to eliminate any remaining surface residues. 
4. Scour the surface with a chalky paste comprising of 

25 gm (4 oz)of sodium metasilicate 
25 gm (4 oz) of Trisodiumphosphate. 
to 1 litre (1 gallon) of water 

Add this to pulverised chalk (calcium carbonate) to form a paste. 
Scrub this into the surface of the glass and leave to dry. 

5. Rub off any excess paste using a clean brush and rinse in 
demineralized/distilled water. 

6. (Optional) immerse/soak the glass in a weak detergent solution. 
7. ' Rinse thoroughly in demineralized water. 

Remember if the surface is to be maintained in a clean condition and 
recontamination is to be prevented, it is essential to avoid handling the 
artefact. Tweezers and clamping devices are therefore recommended for 
the purpose of manipulating and transferring objects between consecutive 
stages of the cleaning cycle and for controlling artefacts during the 
metallization process which precedes electrodeposition. (Other less 
popular cleaning cycles are referred to in Section 7 of the Appendix). 

Note: 
A series of "high tech" cleaning procedures are now available which offer 
superior levels of cleansing and surface purification. Whilst these have 
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obvious advantages and are highly recommended for exploitation, it must 
be acknowledged that from a financial and technical point of view they are 
outside the practical remits of the A/C practitioner operating within a small 
scale studio environment. Consequently these procedures will not be 
discussed within the following text, however they are referred to in 
Section 8 of the Appendix. 

Maintaining a clean surface 
It is crucial for the clean glass to be retained in a high state of purity until 
required for the process of metallization. Recontamination which can 
occur accidentally from handling the object or inadvertently exposing it to 
the air (atmospheric dust and vapours will readily condense on the 
substrate surface) must be avoided. As a precaution cleansed glass should 
be stored in airtight glass or plastic containers in a clean environment. 
Alternatively where subsequent metallizing procedures incorporate the use 
of a "wet" process (e. g. chemical silvering) the artefact should be 
submerged in deionized water until required for use. Fundamentally the 
cleaning cycle should not be embarked upon until immediately before 

electrodeposition. In this way the artefact will not be as susceptible to 
contamination which is likely to occur where long periods of time lapse 
between cleansing, metallization and electrodeposition. 

Testing for a "clean surface" 
Poor or inappropriate cleaning is the major source of many plating defects. 
This is likely to result in poor adhesion, but will also become manifest in 
the formation of unsatisfactory deposits giving rise to surface roughness 
and discoloration. It is therefore essential for the A/C to be able to assess 
the competence of a selected cleaning cycle. Numerous highly sensitive 
and sophisticated techniques are now available for testing the purity of a 
clean surface, however those most appropriate to exploitation by the A/C 

are qualitative in nature and depend upon good observational skills and the 
ability to interpret results accurately. 

The most highly recommended and universally accepted technique is 
the "Water-break Test" (Fig. 6/2). (An alternative method is referred to in 
Section 9 of the Appendix). This is a water-wettability test which in 
principle is based upon the assumption that truly clean surfaces are 
hydrophilic and will allow a continuous film of water to form (as an 
uninterrupted sheet) across the entire surface of the glass. This test is both 
simple and practical and can be conducted in the following manner. 

Place the clean specimen of window glass under a tap of running 
water. Once completely saturated extract the glass and support it in a 
horizontal position for a few minutes and observe. If the water breaks up 
and aggregates into large water droplets/independent pools which shrink 
away from specific surface areas leaving "unwetted" regions it indicates 
that the surface is "hydrophobic" and still contaminated with residual 
traces of oil, grease or dirt. This diagnosis suggests that either the cleaning 
cycle needs to be conducted more rigorously and meticulously, or that a 
more discriminating and effective cleaning technique needs to be adopted. 
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Fig. 6/2 The "Water-Break" Test 

Here water aggregates into isolated pools/droplets which shrink away from the surface of the 
glass leaving unwetted areas, indicating that the surface has been inadequately cleaned and is 

still soiled/greasy. 

Here the water forms as a continuous and uninterrupted sheet across the entire surface of the 
glass indicating that the surface is clean. 
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Regardless of which course of action is followed it is imperative that the 
artefact is recleaned before commencing with the next stage of the process. 

Section 3: Wiring Up 

Purpose 
It is essential for the artefact to be properly wired/jigged before being 
introduced to the electroplating tank. The process relies upon the passage 
of electricity for metal deposition to occur. Therefore it is necessary to 

provide. 
(i) A good electrical connection between the artefact (the cathode) 

and the tank 
(ii) Rigid mechanical support and a means of suspending the article 

during the electrodeposition process. This must be rigid enough to 
withstanding any turbulence caused by the aeration/agitation of 
the electroplating solution. 

Strategies for suspending wired artefacts in the solution so that they 
are positioned in a manner which actively promotes successful deposition 

are referred to in Chapter 4E. This is particularly important where 
solutions with poor throwing power are used. 

Preparation 
Copper wire is frequently recommended for wiring up artefacts because it 
is highly conductive (this property is surpassed only by silver), cheap and 
fairly resistant to both acid and alkali based plating solutions. 
Fundamentally the wire (Table 6/1) must be of a sufficient gauge to carry 
the intended current. Failure to comply with this basic requirement will 
result in excess current being converted to heat. This overheating will 
cause a build up in electrical resistance and lead to a loss in voltage and 
deposition failure. 

Table 6/1. Size of Hanging Wires 

Where wire is used only once for hanging work in a plating tank, the cost of the wire 
should be minimized by selection of the smallest wire diameter that will support the weight 
of the work and that will adequately carry the current. A recommended procedure of size 
selection is to select first the smallest wire gauge that will carry the current without burning 
the worker and then to increase the gauge if necessary to obtain the required physical 
strength. The following table gives bare copper wire sizes which have been found 
adequate for use in air. 
Required Copper Nearest B Required Copper Nearest B 
Current, Diameter, &S Gauge Current, Diameter, &S Gauge 
amp mil amp mil 
5 21.6 23 30 71.1 13 
10 34.2 19 35 78.7 12 
15 44.2 17 40 86.1 11 
20 54.2 15 45 93.5 10 
25 62.8 14 50 100 10 
Formula: 

Copper diameter, mils = 7.35 (amperes). 
Good electrical contact to work rod is assumed. 

(Source; Graham, A. K. (1970) Electroplating Engineering Handbook, 3rd ed., New York: Van 
Nostrand Rheinhold Company. p. 42) 
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The electrode wires should be long enough to allow the artefact to be 
freely suspended from the cathode bar during deposition. It is 

recommended that all wires are wrapped in black insulating tape to prevent 
them being directly exposed to the electroplating solution where they 
would attract eletrodeposited metal in preference to the cathode. However 
at least 5 mm (3/16") of exposed/naked wire should be left at one end for 
connecting the electrode wire to the artefact and a more considerable 
length of (several centimetres/inches) of wire should be left at the other 
end for electrical attachment to the cathodic busbar. 

Procedure 
Whilst time consuming the most traditional method of wiring up offers the 
A/C the greatest ease and flexibility. This incorporates the use of a wire 
framework /sling (Fig. 6/3). In electrodepositing large or complex forms 
the wires designed to suspend and support the work tend to be separate 
from those which convey the electrical current. This is in contrast to the 
approach adopted in wiring up smaller pieces where a single network tends 
to serve both functions. Wherever practical, artefacts should be suspended 
from areas which are not intended for subsequent electrodeposition. This 
will prevent the support wires from shadowing important areas and 
inhibiting deposition. 

Several electrode wires should be strategically positioned, at regular 
intervals across the piece to allow electrical current to be dissipated evenly 
and rapidly across the cathode surface. By ensuring the current distribution 
is even, it will be possible to achieve a more uniform coverage of 
electrodeposited metal and any potential build up of stress will be 
significantly reduced/alleviated. Using the natural tension of the wire, the 
electrodes should be rigidly and securely attached to the surface of the 
artefact. Preferably in discrete/visually non-significant areas. This will 
prevent unsightly blemishes and marks being left behind which will impair 
the surface of the artefact. These tend to arise as a result of removing the 
electrode wires on completion of the electrodeposition process. 

For the A/C involved in small scale production as opposed to the 
creation of one-off artefacts, plating "jigs" are highly recommended for 
wiring up batch loads of components which require simultaneous 
electrodeposition (refer to Chapters 4A & 4E). The cost of investing in 
jigs/plating racks is easily justified by the simplicity, practicability and 
effectiveness they offer. 
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Fig. 6/3 Wiring up the Artefact 

The glass supported/suspended in an insulated copper wire sling. Two separate electrode 
wires are strategically positioned at an even distance apart and tensioned against the 

metallized surface to promote a rapid and uniform surface coverage of electrodeposited 
metal 

A heavy gauge wire frame maintains the wax mandrel in a rigid position in the electroplating 
solution, preventing buoyancy. The electrode wire is located in a discrete position to avoid 

marking/scaring the surface of the electroform 
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Chapter 6B 

Metallizing Techniques 

Introduction 
The nature of the substrate surface 
Within electroplating technology, the physical characteristics and 
properties of a substrate are of fundamental importance since they pre- 
determine which preliminary treatments are necessary to prepare an object 
for successful electrodeposition. Objects to be electroplated can be divided 
into one of two distinct categories. Fundamentally they will either be non- 
conductive or conductive. Conductive substrates, which generally tend to 
be metallic, are already capable of transmitting an electrical current. 
Provided they are correctly cleansed, they will therefore be capable of 
receiving a strongly adherent film of electrodeposited metal. By 
comparison, non-conductive substrates, which include glass, wood, 
ceramic and wax, will resist the passage of an electrical current. These 
materials are insulators and will not naturally undergo successful 
electrodeposition without first undergoing surface modification. 

Glass is a semi-conductor. This means that its conductive properties 
vary in response to changes in temperature and physical condition. At 
room temperature glass exists in a solid crystalline state in this form it is a 
non-conductive insulator. However, as the temperature rises, causing the 
glass to melt, become amorphous and flow, both its viscosity and electrical 
resistance fall (from 25°C-1200°C (77°F-2192°F) resistivity decreases 
from 1019 ohms to 1 ohm), rendering it a good electrical conductor at high 
temperatures. Many other factors, whether imposed deliberately or 
accidentally, are also known to affect the ability of glass to transmit an 
electrical current. These include the chemical composition of the glass, its 
annealing range (which may increase its resistance by threefold), and the 
presence of impurities and devitrification (which may cause a sharp 
increase in conductivity). All of these factors affect the conductivity and 
reciprocal resistivity of the glass. The semi-conductive properties of glass 
are both fascinating and pertinent to this research. These phenomena 
harbour implications which could be of direct relevance to future research, 
because they are potentially the key to identifying and harnessing new 
methods of rendering glass electrically conductive for the purpose of 
electrodeposition. 

The role of "metallizing media" 
To undergo successful electrodeposition, non-conductive substrates, 
including glass, must first be impregnated or coated with a "metallizing 
medium" (also known as "sensitizing medium") which modifies the 
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properties of the substrate surface to render it electrically conductive. This 
is an essential precursor to initiating and promoting the successful 
electrodeposition of metals on to glass. Selecting an appropriate 
metallizing medium is of fundamental importance because it dictates the 
quality, degree of adhesion and film characteristics likely to be engendered 
in the final deposit. 

The originality of the following research material 
It should be noted that the collation of research for this chapter is original 
in two ways: Firstly, the information relates specifically to 
electrodepositing metals onto glass from the perspective of facilitating and 
informing the A/C practitioner. This represents a unique achievement in its 
own right. Secondly, it demonstrates a significant level of lateral thinking. 
In particular, this research highlights many novel ways of taking the 
technique forward, (by adapting ideas from different disciplines, drawing 

and borrowing knowledge from other areas as a source of inspiration for 

experimenting with the process) in a new and hitherto unexplored 
direction. This is especially evident in the section on metal powders and 
conductive adhesives/tapes where materials have been adapted and 
exploited for purposes quite alien to their original conception. No 
established precedence for using these methods were found to exist within 
either historical or contemporary practice. 

Descriptive summary of the chapter 
Extensive research has been necessary to identify metallizing techniques 
and procedures which are most appropriate to rendering glass electrically 
conductive for the purpose of electrodeposition. This is partly because 

relevant information is dispersed in a chaotic and uncoordinated fashion in 
literature sources, but more specifically because throughout history 

metallization procedures of any commercial value were jealously guarded 
by industry and evolved within an impenetrable shroud of secrecy. 

In light of this the research undertaken has been directed towards 
identifying, analysing and testing metallization procedures, and to 
presenting the results of this research in a simple direct manner which is 

capable of practical application by the A/C practitioner. To perform this 
function, the following chapter has been divided into 11 sections, each of 
which is dedicated to discussing a version of metallization appropriate to 
rendering glass conductive for the purpose of electrodeposition. As 
denoted below, these sections have been given a colour coded thumb index 
to assist in accessibility. Their contents may be summarized as follows: 

Colour code: 
Section 1: Graphite 

2:. Copper lacquers 
3: Metal lustres 
4: Metal leaf 
5: Silver electrodags 
6: Chemical reduction/mirroring techniques 
7: Vacuum formed films 
8: Cathode sputtering 
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9: Metal powders 
10: Conductive adhesives 
11: Other miscellaneous techniques 

To present this information as clearly as possible, the contents of each 
section has been organized to follow a predetermined/set format. 
(However, in some instances, where considered appropriate, sections may 
deviate slightly from this pattern, and certain sections may be excluded 
altogether. ) As indicated below, each section covers the following: 
Part X. 1: The evolutionary development of the metallizing media, and 

its historical relationship to electrodepositing metal on to 
glass. 

X. 2: The nature and composition/properties of the metallizing 
media. 

X. 3: Metallization: Practical procedures for applying the 
metallizing media. (This includes reference to: substrate 
preparation; the principle mode(s) of application; film 

characteristics; and recommendations for initiating 

electrodeposition. ) 
X. 4: Research procedures and test results. 
X. 5: Recommendation/assessment (This refers to the suitability of 

the metallizing media to practical exploitation by the A/C). 
X. 6: Any additional information. 

Whilst an emphasis has been placed upon discussing practical procedures 
for applying the metallizing media, reference has also been made to their 
historical evolution. This is of particular importance for two fundamental 

reasons. Firstly, in many cases, the low technology limits of earlier 
versions/systems of metallizing glass renders them of far greater relevance 
to the A/C than comparable contemporary products which are generally 
more sophisticated and complicated. Secondly, a historical survey which 
traces the permutations, developments and evolutionary pathway of a 
metallizing technique can give the A/C an essential insight and 
understanding into the principles behind the process, and the mechanisms 
by which it is possible to render substrates conductive. This can also 4 
provide invaluable information on the chemical composition of the 
metallizing medium. This knowledge is of practical relevance to the A/C 
practitioner interested in researching and developing new or modified 
versions of the process. 

Important criteria in assessing the suitability of metallizing media to 
electrodepositing metals on to glass 
Within the context of this research, metallization procedures used for 
rendering glass electrically conductive prior to electrodeposition were 
analysed and evaluated. The test criteria outlined below were used to 
identify versions of metallizing glass which: 

were suitable to practical exploitation by the A/C operating within 
the technical and financial limitations of a small-scale studio 
environment; 
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promoted the formation of tenaciously adherent metal films during 

subsequent electrodeposition (This was essential to enable deposits 

to be serviceable and function effectively within their intended 

application). The "peel test" (referred to in Chapter 6D) was 
employed to assess which metallization procedures, if any, were 
capable of producing truly adherent deposits which did not rely 
upon the principle of encapsulation to bond the metal to the glass; 
provided optimum surface conductivity. This dictated the ease and 
speed with which the electrodeposited metal spread across the 
surface of the glass. Both the electrical resistance (the voltage) 
recorded during the electroplating process and the actual surface 
coverage of metal deposited provided an accurate indication of the 
surface conductivity. 

Test procedure and methodology 
To analyse the effectiveness of the metallization techniques, a series of 
"test procedures" were employed. These were designed to enable the 
results to be understood with clarity so that a practical evaluation could be 

made between comparative metallizing media. Where feasible, all test 

samples were therefore prepared, metallized and electrodeposited within a 
predetermined set of control conditions. These are outlined below. Unless 

otherwise stated, the reader must assume that these guidelines were strictly 
adhered to. 

Control conditions 

Glass samples with varying degrees of surface abrasion were used 
to assess the extent to which polished or mechanically roughened 
surfaces promoted good adhesion during subsequent 
electrodeposition. The glass samples were scrupulously cleansed 
using a solvent degreaser (acetone) and mild alkali detergent. They 
were then rinsed in copious quantities of water and air dried prior to 
metallization. 
Any proprietary metallizing formulations were employed in 
accordance with the manufacturer's recommended guidelines. Once 
rendered conductive, a metallized area of the sample was resisted 
out using tape to selectively inhibit electrodeposition. This 
functioned as a "control panel". The sample was then attached to a 
single electrode wire. 
All test samples underwent electrodeposition from Cannings 
proprietary acid copper sulphate solution "Cuprasol Mk 5". (The 
electroplating solution was analysed at regular intervals to ensure 
that a uniform concentration and chemical composition were 
maintained. ) Throughout testing the solution was maintained at an 
optimum temperature of 23°C (74°F). As far as was feasible (see 
below), each sample was electrodeposited at a current density of 2.0 
A/dm` (20 Asf) for a duration of 52 minutes, during which time 25 
microns (1 thou) of metal was deposited. Both mechanical agitation 
(introduced ten minutes into deposition) and very mild indirect 
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aeration (introduced 20 minutes into deposition) were employed. 
On completion of the process, the samples were extracted from the 

solution and rinsed in a vat of running water for five minutes before 
being blow-dried in warm air. 

Whilst every effort was made to maintain these conditions throughout the 

testing procedure, research revealed that it was not always appropriate to 

employ the same operating conditions during electrodeposition. This was 

particularly pertinent with regard to the current density therefore, where 

considered appropriate, alternative current densities were used. Within the 

context of this research, this fine tuning was considered to be legitimate 

and essential since it enabled the operating conditions appropriate to 

optimizing the successful electrodeposition of a specific metallizing 
medium to be identified. This in turn enabled useful practical guidelines 
and recommendations to be made for the benefit of future A/C wishing to 

exploit a specific process of metallization in the future. 

The test results 
Each metallizing medium discussed in the following chapter has been 

accorded a star rating. This code indicates the overall suitability of the 
process to electrodepositing metals on to glass, the key to this is as 
follows: 

*** Highly Recommended F Feasible 
** Recommended - Not Suitable 
* Satisfactory 

A more specific, thorough and informative evaluation of these empirical 
test results, together with a comparative analysis of the test results from 

using different metallizing media, is disclosed in the main conclusion, and 
summarized in Table 6/5 at the end of Chapter 6B. This in particular 
should be of direct relevance to the A/C, since it has been designed as a 
quick reference guide to selecting metallizing media appropriate to 
fulfilling a specific set of criteria or a given task. 
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Section 1: Graphite Rating: - 
1.1 The evolutionary development of graphite as a metallizing medium 
and its historical relationship to electrodepositing metals on to glass 
The introduction of graphite as a metallizing medium occurred 
simultaneously alongside the inception of the electrodeposition process, 
and dates back to the 1830s. It was principally employed in electroforming 
applications. Graphite possesses a natural affinity for greasy surfaces. This 

property has enabled it to be exploited extensively in metallizing wax, 
which, due to its hydrophobic nature, proved difficult to render electrically 
conductive by any other technique. In particular graphited wax mandrels 
found extensive commercial exploitation in the mass production of 
electrotyped printing plates. However, historical records indicate that 
graphite was also employed as a metallizing procedure for 

electrode positing metals on to glass. 

1.2 The composition and nature of graphite-based media 
Graphite, also commonly referred to as "plumbago" or "black lead", is a 
form of carbon. The properties which render powdered graphite a good 
metallizing medium include its purity, fine delicate nature, and high level 
of electrical conductivity. 

1.3 Metallization: Practical procedures for applying graphite-based 
media 

Preparing and cleansing the substrate surface 
Polished glass surfaces are hydrophobic and will resist the application of a 
graphite-based medium. To provide a mechanical key it is imperative that 
all glass surfaces are pre-roughened and cleansed prior to metallization. 

Principal modes of application 

Technique No. 1: Dry application 
This procedure involves dusting soft flakes of graphite on to the 
surface of the object using a soft, camel hair paintbrush. If necessary 
the graphite can be burnished into the surface using cotton wool. This 
procedure is only appropriate to substrates such as wax which possess 
a natural affinity for graphite. 

Technique No. 2: Wet application 
An alternative procedure recommended for metallizing glass involves 
applying a liquid dispersion of graphite, dissolved in water or alcohol. 
Proprietary products of this nature, are referred to as "aquadags" or 
"deflocculated suspensions of colloidal graphite in water" and consist 
of a thixotropic paste which must be diluted in soft, distilled water 
prior to application by swabbing or spraying. 

To reduce the electrical resistance of the graphite, it is 
recommended that after application the substrate is fired to a 
temperature of 200-300°C (392-572°F) for one hour, prior to 
burnishing and subsequent electrodeposition. 
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Film characteristics 
Graphite leaves a black film on treated surfaces which is soft, smudges 
easily, and creates a lustre when burnished or polished. 

Recommendations for initiating electrodeposition 
Graphited surfaces are extremely delicate. Multiple electrodes and a very 
low current density are therefore essential to promote successful 
electrodeposition. 

1.4 Research procedures and test results 
Test results indicate that graphite is NOT a successful or appropriate 
metallizing medium for electrodepositing metals on to glass. The series of 
pre-roughened glass samples, rendered conductive using Acheson Colloids 

colloidal graphite in water produced poor/very dubious results. On the 
isolated occasion when a film of electrodeposited copper was formed, the 

resulting deposit was confined to a small (0.8cm2 -0.1" sq) isolated area 
in direct proximity to the electrode. This was brittle, weak, prone to treeing 

and completely non-adherent. 
Additional experiments carried out using an alternative product, in the 

form of a neat application of Agar Scientifics Colloidal Graphite G303, 
(Sample No. 89) proved to be significantly more successful. However, 

although there was good surface conductivity, the electrodeposited metal 
developed a proliferation of tiny bubbles and blisters. Although this 
generated an interesting surface texture, the peeling and exfoliation which 
followed was an indication of extremely poor/negligible surface adhesion. 

1.5 Recommendation/assessment 
This is a very dirty, messy and labour intensive process of metallization. 
However, graphite is simple, practical and cheap to use, attributes which 
render it particularly appropriate for practical exploitation by the A/C 
practitioner operating within the studio environment. Whilst it cannot be 

recommended as a metallizing medium for electrodepositing metals on to 
glass, graphite is an excellent vehicle for electroforming wax surfaces 
(Fig. 6/4). In this context it forms a very discrete conductive film which 
replicates surface detail and texture with great accuracy and sensitivity. 

N. B: Electroformed wax mandrels offer the potential for experimentation 
in forming glass, through possible exploitation in the `lost wax' casting 
process. 

1.6 Additional information 
Historically, to increase the conductive properties of graphited surfaces, 
they were frequently "oxidized". This process, which is accredited to 
Knight (1858 - U. S. A. Pat No. 20,353) simply involved immersing the 
object in a solution of copper sulphate, prior to liberally sprinkling fine 
iron powder over the surface. This induced a chemical reaction which 
furnished the graphite with a very delicate, yet highly conductive copper 
film. After rinsing, the object was subsequently transferred to a 
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Fig. 6/4 Electroforming a Graphited Surface - Metallizing a 
Wax Mandrel 

Powdered graphite is brushed onto the wax impression to render the surface 
electrically conductive. The above electroform shows the copper progressively 

spreading across the metallized surface during the initial stages of 
electrodeposition 
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The completed electroform. The technique offers the practitioner infinate potential 

for replicating fine detail and surface texture 
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Section 2: Copper Lacquers Rating: *** 

2.1 The evolutionary development of metal lacquers and their 
historical relationship to electrodepositing metals on to glass 
The employment of copper/bronze powders suspended in a binding 

medium represents one of the oldest, most widely established and popular 
techniques of rendering glass electrically conductive for the purpose of 
electrodeposition. 

This method is not specific to glass, but throughout history has been 
advocated for metallizing a broad range of non-conductive substrates. In 
1857, shortly after the advent of the electroplating process, Oudry (British 
Pat. No. 826) recommended the use of a resinous substance comprising an 
amalgamation of minimum (red lead), white lead (litharge) and cinnabar 
(mercury sulphide), suspended in bitumen as a conductive medium for 
initiating successful electrodeposition. This acted as a catalyst in pre- 
emptying the emergence of a diverse range of conductive compounds. 

Today the most popular products are based upon a combination of 
finely divided copper/bronze powder, and a cellulose acetate or cellulose 
nitrate based lacquer medium. These products possess a low viscosity, dry 

rapidly and, compared to their predecessors, provide a superior level of 
adhesion and surface conductivity. 

2.2 The composition and nature of metal lacquers 
Several proprietary metal lacquers are now commercially available. These 

4 
are highly recommended for use by the A/C practitioner wishing to 
electrodeposit metals on to glass. The Schloetter Company market a three- 
part conductive copper medium, which comprises of an Ecropen lacquer 
1764/002 (a PVC-based medium), a copper paste Ro 1080 and a thinning 
essence 355/007. This is sold in fairly large quantities at a relatively cheap 
price. Alternatively, Cannings have formulated a similar copper bronze 
paste which comprises of a two-part medium: a copper paste and a clear 
liquid resin F67406. 

Metal pastes tend to levitate and become air borne. This represents a 
health hazard. It is therefore essential for any A/C using these products to 
take appropriate health and safety precautions and to wear a dust mask. It 
is also advisable to work in a draft-free environment. 

2.3 Metallization: Practical procedures for applying metal lacquers 

Preparing and cleansing the substrate surface 
Glass surfaces must be mechanically abraded/roughened, preferable using 
sandblasting or beadblasting techniques. This will provide the surface key 
required to maximize adhesion during subsequent electrodeposition. All 
prepared surfaces should then be purified using one of the cleaning cycles 
recommended in Chapter 6A prior to the application of a metal lacquer. 

Principal modes of application 
Two standard techniques can be employed for applying copper lacquers to 
glass for the purpose of electrodeposition, namely: 
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Homogeneously mixing the pulverized metal and lacquer together 
to form a conductive medium which can be applied directly to the 

surface of the glass. 
Independently applying the lacquer medium to the glass to form a 
sticky basis for the subsequent adhesion of a pulverized metal film. 

These techniques will be discussed separately from one another in the 
following resume. 

Technique No. 1: 
In this process the conductive metallic powder is combined with the 
lacquer to form a homogeneous compound. The viscosity of the product 
can be varied to form a semi-liquid paint or paste. Once prepared, this 
metallic medium can be liberally applied to the surface of the glass and left 
to harden and cure so that it becomes permanently fixed to the surface of 
the glass prior to undergoing deposition. 

Mixing the lacquer 
Most guidelines recommend mixing the bronze/copper powder with 
the thinning essence prior to introducing the lacquer and blending 
the composition thoroughly. The quantity prepared must be limited 
to that required for immediate use as, on exposure to air, the acidic 
nature of the lacquer, in conjunction with the rapid evaporation of 
the solvent medium, will cause the lacquer to thicken, gel and 
solidify within a relatively short period of time (typically within a 
30 minute to 2 hour period). 
Method 
The copper lacquer should be applied to the glass immediately 
using a soft camel hair paint brush or a spray gun. With spraying 
techniques, which are recommended for a more rapid and uniform 
coverage of large surface areas, the spray gun should be held at a 
good distance away from the piece to avoid surface flooding and 
the potential loss of detail. Alternatively, a painting implement may 
be appropriate where a more selective and controlled application of 
lacquer is required. However, this may leave brush marks, which 
are likely to be exaggerated rather than diminished during 
subsequent electrodeposition. This effect may or may not be 
desirable depending upon the creative intentions of the individual 
A/C. A minimum drying period of at least three hours is advocated, 
although many proprietary products stipulate overnight curing to 
harden the copper lacquer prior to introducing the artefact to 
electroplating solution. 

Film characteristics 
On drying, the lacquered film should be examined for tell-tale signs of 
poor surface conductivity. A well lacquered surface'should exhibit a 
frosted, semi-dull appearance. However, if an excess amount of lacquer is 
present, the metallizing medium, will become insulating, and the surface 
will display a glassy, shiny appearance, indicating that relatively higher 
proportions of metal powder need to be mixed with smaller quantities of 
lacquer in future formulations. 
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Technique No. 2: 
Method 
This technique involves coating the glass substrate with an acid 
resistant, fast drying resin or lacquer, which is preferably sprayed 
on to the surface of the glass substrate. Left to partially dry, this 
forms a "tacky", sticky surface, upon which a fine dispersion of 
copper powder can be adherently sifted, sprinkled, flicked or 
sprayed, to form a coherent and continuous conductive film. 
A more rudimentary and directly accessible approach adopted by 

many contemporary A/C simply involves using a clear adhesive 
spray such as "Super Epoxy I", which is available from any DIY 

store (Note: Products containing fibreglass are not appropriate for 

use). This is lightly and evenly sprayed on to the surface of the 
glass prior to the application of a damp-sealer. A highly conductive 
and pure copper powder can then be sprinkled or daubed on to the 
prepared surface. A broad range of cheap, conductive metal 
powders, including brass flake and zinc, can be used for this 
purpose, although it is advisable to select a metal or alloy which is 
directly related to and therefore compatible with the electroplating 
solution to avoid possible solution contamination. 

Film characteristics 
A powdery surface. Where flaked, metal is applied, a very smooth film 
will be formed. This is contrast to powdered metal which will produce a 
more granular surface film. These different surface textures and qualities 
may have important aesthetic implications for the A/C. 

Recommendations for initiating electrodeposition 
Acid copper sulphate electroplating solutions are recommended for 
electrodepositing glass, which has been metallized using copper lacquers. 
Electrodeposition should occur at a current density of 0.5-1.0 A/dm2 (5- 
10 Asf). 

2.4 Research procedures and test results 
Two proprietary copper lacquers were tested. Reference should be made to 
Sample Nos. 48a and b, and 49a and b which are exhibited in the 
accompanying Display Cabinets. All of the samples consisted of smoothly 
sandblasted sheets of window glass. These were scrupulously cleansed 
prior to undergoing metallization using Canning's and Schloetter's copper 
pastes respectively. The lacquers were applied by brush using Technique 
No. 1 (as referred to in Section 2.3), they were then left to harden and cure 
overnight prior to undergoing electrodeposition. Sample Nos. 48a and 49a 
were electrodepostied at 2.0 A/dm2 (20 Asf), whilst Sample Nos. 48b and 
49b were electrodeposited at 4.0 A/dm2 (40 Asf). On extraction from the 
electroplating bath, the samples were inspected, analysed and evaluated. 
Of the two lacquers tested Cannings was found to have a longer working 
time prior to gelling, although this lacquer did not possess the smoother, 
more fluid consistency of the Schloetter's lacquer, which was easier to 
apply, and displayed a greater sensitivity to surface detail. Both copper 
lacquers were found to be simple, practical to use, and ideally suited to 
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promoting electrical conductivity and a good coherent surface coverage of 
metal during subsequent electrodeposition. However, the tendency for the 

electrodeposited films to lift and peel away form the substrate surfaces 
(which was particularly prevalent in Sample Nos. 48b and 49b) illustrated 

and reinforced the underlying assumption that this metallization technique 
relies emphatically upon surface roughening and the principle of 
encapsulation to engender good adhesion between the metal and glass. 

A further experiment explored the possibility of using copper pastes as 

a grouting medium/cement, which when mixed to a suitable viscosity and 
consistency could be worked into the crackled surface of a blown glass 
form, (Sample No. 131). This demonstrated the potential for exploiting the 

metallizing medium and electrodepostion process as a means of providing 
fractured glass with strength and structural reinforcement, whilst 
engendering a randomly formed, yet predetermined surface pattern. 

2.5 Recommendation/assessment 
This metallization technique is highly accessible, and exists as one of the 
simplest, cheapest, and most effective methods of rendering glass 
conductive for the purpose of electrodeposition. Copper lacquers produce 
excellent results. They are therefore highly recommended for use by the 
A/C practitioner, especially for metallizing large surface areas. 

However, they have one major drawback. Fundamentally metal 
lacquers are of a turbid and viscous nature. They are therefore difficult to 
apply as a very thin, discrete film. This has two important disadvantages. 
Firstly it compromises the effective replication of detailed or sensitive 
surface qualities, and secondly it serves to exacerbate incipient problems 
of poor adhesion. 
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Section 3: Metal Lustres Rating: ** 

3.1 The evolutionary development of lustres and their historical 

relationship to electrodepositing metals on to glass 
From the prolific number of patent specifications registered, it is apparent 
that lustres are one of the most widely advocated and commonly employed 
procedures for metallizing glass in preparation for electrodeposition. 
Several historical accounts can be cited which trace the evolutionary 
development of silver, platinum and gold lustres in relationship to the 
procedure of electrodepositing glass and examine their exploitation within 
technical and decorative applications. 

3.2 The composition and nature of lustre preparations 
Lustres consist of a precious metal compound dissolved in an organic 
solvent which serves as a flux and promotes adhesion. Precious metal 
preparations of gold, platinum or palladium are recommended for use. 
These contain varying concentrations of metal. Products which comprise 
of less than 6% metal are referred to as "lustres", whilst in contrast those 
which comprise of between 6 and 15% precious metal are referred to as 
"bright metal preparations". The latter of these products is recommended 
for rendering glass conductive in preparation for electrodeposition. 
Examples of suitable proprietary products are shown in Table 6/2. 

Table 6/2. Commercially Available Lustres/Bright Metal Preparations 

1. Product name and description: Liquid gold K-A6 
Supplier: Heraceus 
Metal content: approx 10% 
Recommended firing range: float glass - 560°C (1040°F) 

lead crystal - 480-500°C (896-932°F) 
soda-lime glass - 540-570°C 

(1004-1058°F) 
Guideline price: minimum quantity 25gms: £52.92 (+ VAT)* 
Solvent medium: thinning essence 730 
Recommended mode of application: brush/hand application only 

2. Product name and description: Liquid platinum GP 3000 
Supplier: Heraceus 
Metal content: approximately 8% 
Recommended firing cycle: as above 
Guideline price: minimum quantity 25gms -£51.22 (+ VAT)* 
Solvent medium: thinning essence V 160 
Recommended mode of application: brush/hand application only 

NB: *- 1998 prices quoted 

The fluidity, consistency and characteristics of these products are largely 
predetermined by the specific requirements of the substrate material (ie 
whether glass, ceramic or porcelain, etc), and by their intended mode of 
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application. Preparations designed for spraying, brushing or hand 

application tend to be free flowing, whereas those designed for application 
by silk screen or decal transfer tend to be much thicker. On standing, 
lustres/bright metal preparations tend to evaporate and increase in 

viscosity. If this impedes their flow or application, a thinning essence or 
medium may be added to modify the lustre and obtain a more desirable 
consistency. 

3.3 Metallization: Practical procedures for applying lustres/bright 
metal preparations 

Preparing and cleansing the substrate surface 
Prior to metallization: 

The glass substrate must be thoroughly cleansed prior to the 
application of lustres to eliminate dust and finger grease, and 
prevent air borne contamination from causing surface blemishes 
during subsequent firing. 
The lustre medium must be thoroughly shaken before use to obtain 
a uniform consistency. 

Principal mode of application 
Lustres are most commonly painted on to the surface of the glass using a 
flat, soft, sable-haired brush. To avoid contamination, a separate brush 
should be reserved exclusively for the application of each individual lustre. 
After use this should be thoroughly cleaned using an appropriate thinning 
medium. 

Lustres should be applied thinly and evenly to the surface of the glass. 
Extreme care must be taken to avoid the applying the lustre too sparsely or 
conversely too thickly. The former practice in particular is likely to cause a 
reduction in surface adhesion and electrical conductivity which will inhibit 
successful electrodeposition. 

Firing procedure 
Optimum firing cycles vary according to the properties of the lustre 
and the specific characteristics of the glass substrate. 
Recommended temperatures are usually between 540°C and 620°C 
(1004 and 1148°F). (More specific details regarding firing cycles 
should be obtained from the manufacturer). During the firing 
procedure it is essential to ensure that: 

There is adequate kiln ventilation to allow any fumes to burn 
off and escape; 
The optimum firing temperature is reached and maintained for 
a period of 5 to 10 minutes. This will enable the lustre to 
become permanently fused into the surface of the glass. 

Film characteristics 
On firing, lustres should form a very thin and highly reflective metallic 
sheen on polished glass surfaces. However, a very dull/semi-matt or 
granular appearance will be produced where they are applied to 
sandblasted/ roughened glass surfaces. 
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Recommendations for initiating electrodeposition 
Characteristically lustred films are fairly strong, highly conductive and 
very durable, features which render them particularly appropriate to 

subsequent electrodeposition. No further treatment is necessary before 
introducing the substrate to the electroplating solution. (However, where 
considered appropriate the glass may be cleansed in a weak detergent 

solution, before being rinsed thoroughly in distilled water). It is 

recommended that the prepared substrate undergoes electrodeposition in 

an acid copper sulphate solution at a current density of 1.0 A/dm2 (10 Asf). 

3.4 Research procedure and test results 
Samples of window glass were selectively sandblasted to create 
contrasting surface sheens of mechanically roughened and highly polished 
glass, before being scrupulously cleansed and dried. 

The lustres were then applied to selected areas of each sample. Sample 
No. 90 was painted with liquid gold lustre KA-6, whilst Sample No. 91 

was painted with liquid platinum lustre GP3000. The lustres were fired in 

a well-ventilated kiln to an optimum recommended temperature of 570°C 
(1058°F), where they were saturated for a duration of five minutes prior to 

annealing. On extraction from the kiln, the test samples were found to be 

glazed with contrasting areas of highly reflective and matt surface sheens 
of gold and platinum (corresponding to the polished and roughened areas 
of the glass respectively). In each case a continuous metal film was 
formed. 

The test samples, which are exhibited in the accompanying Display 
Cabinets, underwent successful electrodeposition. The high level of 
surface conductivity enabled an almost spontaneous and coherent surface 
coverage of electrodeposited copper to be formed. However, as can be 
observed in Sample No. 91, the plating solution seeped and crept beneath 
the resisted areas, to produce a dull, velvety film of copper. Pre-roughened 
areas of the glass provided mechanical bonding sites which enabled a 
moderately good degree of adhesion to be obtained between the glass 
substrate and electrodeposited metal film. However, in contrast, the copper 
deposited on unabraded, polished sections of the glass, whilst continuous 
and coherent, was found to exhibit extremely poor adhesion. This caused 
the metal to peel and lift away from the substrate surface, and manifested 
itself in the form of a spurious rash of tiny blisters. 

3.5 Recommendation/assessment 
From the empirical research and experimentation conducted within the 
context of this research, it has become apparent that lustring procedures 
offer an easily accessible, practical, and highly effective method of 
metallizing glass in preparation for electrodeposition. They guarantee a 
good surface coverage of electrodeposited metal and are highly 
recommended for A/C wishing to produce conductive films which are 
delicate and sensitive. Whilst the deposits formed on the pre-roughened 
glass substrates displayed a degree of adhesion which was significantly 
superior to that derived from using other metallizing media, it must be 
acknowledged that electrodeposited films formed as a result of using metal 
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lustres, still rely emphatically upon the principle of encapsulation to bond 

the metal to the glass. 
Before selecting lustring procedures as a method of metallizing glass, 

the A/C must bear two important considerations in mind. The first is the 
mandatory firing cycle. Although most vitreous substrates will be 
unaffected by the heat, very thin or low-temperature glasses may not be 
able to withstand this processing without slumping or undergoing physical 
deformation. The second is the financial cost of using lustre preparations, 
which may render them commercially inappropriate to metallizing studio 
production work or larger surface areas. 
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Section 4: Metal Leaf Rating: ** 

4.1 The evolutionary development of metal leaf and its historical 

relationship to electrodepositing metals on to glass 
Historically documents relating to the fabrication of precious metal leaf 

seem to be based around gold. Earliest references date back to the Roman 

writer Pliny in 1000BC, when metal leaf was used to gild and embellish 
architectural structures and sacred regalia. Over recent years metal beating 

techniques have largely been superseded by electroforming techniques, 
which are now widely used in the commercial production of precious 
metal leaf. 

Records relating to this technique of metallizing glass in preparation 
for electrodeposition, though relatively scarce, date back to 1876 (British 
Pat. No. 4217), when glazes were used to fire and burnish gold leaf in to 
the surface of the glass. Later subtle variations in their technique together 
with new alternative methods emerged and underwent diversification and 
exploitation. In 1908 F. I. Gibbs (British Pat. No. 4410) introduced a 
method in which ground silver leaf was blended with a turpentine solution 
to produce a conductive medium which could be fired on to the surface of 
glass mandrels. This was then cleansed and scratch-brushed in preparation 
for subsequent electroforming applications. 

Cold methods of applying precious metal foils for the purpose of 
electrodepositing have also been recorded. A typical procedure, registered 
by Nezeraux (1858 - British Pat. No. 594), incorporated the use of an 
adhesive compound comprising an amalgamation of yellow amber, mastic, 
and bitumen of judea, dissolved in turpentine and oil. Metal leaf was 
gilded or superimposed on top of this bonding medium to metallize the 
glass as a precursory stage to subsequent electrodeposition. 

4.2 The nature and properties of metal leaf 
Gold, silver and copper leaf are now widely available. They can be 
purchased in the form of a small book/file which typically contains 25 
sheets of metal foil measuring approximately 22.5cm to 35.5cm2 (31/2 to 
51/2 inches square). These are segregated between alternating sheets of 
paper. 

Standard metal leaf consists of extremely fine and very delicate 
precious metal foil membranes. They are wafer thin (approximately three 
millionths of an inch thick), and as such will tear easily, levitate and 
rapidly adhere to anything they come into direct contact with. 

4.3 Metallization: Practical procedures for applying metal leaf 

Preparing and cleansing the substrate surface 
It is essential that all glass surfaces are cleaned prior to metallization to 
promote good adhesion during subsequent electrodeposition 

Principal modes of application 
Metal leaf can be adhered to the surface of the glass by employing either a 
hot or cold method of application. These two distinct techniques are 
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outlined below. Due to the fragile nature of metal leaf it is imperative that 
these procedures are carried out in a draught-free and clean environment. 

Technique No. 1: Cold application 
This technique simply involves applying a transparent water 
resistant lacquer, such as gold size, to the roughened and 
meticulously clean surface of the glass, using either a spray gun or a 
paintbrush. Once partially dry, this produces a tacky surface to 

which silver, gold or copper leaf can be gently adhered using a soft 
badger brush. During application care must be taken to avoid (i) 

tearing, breaching or disrupting the surface of the metal leaf; or (ii) 

using excessive quantities of lacquer as this may seep through and 
saturate the exterior surface of the conductive metal leaf to form an 
insulating film. By undermining the continuity and the conductivity 
of the metal film, these conditions will inhibit the chances of 
successful electrodeposition. 

Technique No. 2: Hot application 
This procedure requires the skills of a glass blower. For the purpose 
of application, the metal leaf should be laid out on a suitably 
cleansed marver. The metal leaf can then be picked up, by smoothly 
rolling the blowing iron, supporting the parison of hot glass, over 
the precious metal foil. This produces a conductive metal film 

which is homogeneously united and permanently integrated into the 
surface of the glass. 

Film characteristics 
The appearance and qualities of the metallized film will vary according to 
the method of application. With glass-blowing techniques, the physical 
weight and compression naturally applied through the downward motion 
of marvering the metal leaf on to the malleable glass form will 
automatically produce a very smooth and continuous surface finish. In 

contrast a less uniform film is likely to achieve using cold techniques. 
However, this may prove to be an advantage aesthetically, since the metal 
leaf can be applied in a wrinkled, pleated or puckered format to evoke 
decorative surface patterns and textures. Whilst both procedures are 
essentially non-selective, it is possible to employ masking 
agents/templates (as illustrated in Sample No 115), or engraving/etching 
techniques, to restrict deposition to specific areas in order to produce 
controlled decorative effects. Glass surfaces metallized using precious 
metal leaf are highly conductive. 

Recommendations for initiating electrodeposition 
Metal leaf applications are delicate and susceptible to damage from 
accidental abrasion. Great care must therefore be taken when tensioning 
and attaching electrodes to the metallized surface, as any scratches which 
inadvertently eradicate the underlying surface film are likely to inhibit 
subsequent electrodeposition. To promote good adhesion, the metallized 
glass should undergo electrodeposition from an acid copper sulphate 
solution at very low current density of 0.5-1.0 A/dm2 (5-10 Asf). 
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4.4 Research procedure and test results 
Several tests were conducted in which silver and gold leaf were applied to 

glass substrates using the methods of application identified and outlined 

above. Sample Nos. 113 and 114, exhibited in the accompanying Display 

Cabinets, incorporated the hot application of gold and silver leaf 

respectively. On completion the blown forms were annealed and the 

metallized film was selectively masked/resisted out prior to subsequent 
electrodeposition. In addition experiments were carried out (Sample Nos. 

136 and 137) which involved applying a trail of hot glass to the metallized 
bubble. This research was used to assess whether selectively insulating and 
trapping the metal leaf would inhibit the spread of electrodeposited copper 
to independent and isolated areas of the metallized surface. By 

comparison, Sample No. 150, employed kiln forming techniques to cast 
the gold leaf and crushed lead cullet glass at a temperature of 850°C 
(1562°F) (Sample No. 127 employed a solid glass ingot). This rather 
unorthodox approach proved to be wasteful and expensive as only the 
metal leaf exposed on the uppermost surfaces of the glass, provided the 
conductivity required to initiate successful electrodeposition. Finally, 
Sample Nos. 107 and 108, were metallized using a cold application of gold 
and silver leaf respectively. The surface of the glass was sandblasted and 
cleansed, before receiving a base coat of gold size as a fixative for 

applying the metal leaf. This very simple, yet highly successful technique 
is particularly recommended for practical exploitation by the A/C. 

4.5 Recommendation/assessment 
Metallization procedures which employ precious metal leaf produce highly 
conductive surfaces which promote a good rapid surface coverage of metal 
during subsequent electrodeposition. For financial expedience, copper and 
silver leaf are highly recommended for use. These metallization 
procedures are very time-consuming and fiddly, and require a considerable 
degree of skill and patience. However, they are simple and directly 
accessible to practical exploitation by the A/C. 

Fundamentally, all of the deposits produced from using this 
metallization procedure were weak, poorly adherent, and relied 
emphatically upon the principle of encapsulation to engender good 
adhesion. This was essential to render the process applicable to 
electrodepositing metals on to glass. 

4.6 Additional information 
Delicate films of metal leaf are likely to tear and disintegrate on 
application forming disrupted and isolated areas of surface conductivity. 
This problem can be alleviated by superimposing several films of metal 
leaf. Alternatively powdered copper may be. sprinkled/brushed over any 
fissures or breaches in the metal leaf, before quick-silvering the surface in 
preparation for subsequent electrodeposition. 
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i. 

Section 5: Silver Electrodags/Conductive Paints 

Rating: *** 

It is now widely acknowledged that silver-based media yield extremely 
effective metallizing agents for electrodepositing metals on to glass. 
Compositions of this nature are commercially available in two forms, 

principally as silver paints - referred to as Electrodags, or as a silver 
powder, both of these are discussed in the following synopsis. 

5.1 The evolutionary development of conductive silver electrodags and 
their historical relationship to electrodepositing metals on to glass 
Silver paints were widely established as metallizing media by the early 
1900s. However, it was not until the 1940s, that considerable research and 
experimentation was generated by commercial enterprises, particularly E. 
1. du Pont de Nemours in France, to design and market a series of products 
which were capable of forming highly conductive metallic films on inert 

substrates. This research gave rise to several formulations which bore the 

characteristics and properties suited to maximizing adhesion upon a 
specific range of substrate surfaces, including glass (Product Nos. 4530, 
4548 and 4503). The quest to identify metallizing media was not pursued 
in isolation. Other organizations, including American Ceramics Labs Inc, 

manufactured and marketed a similar electrodag product which was sold 
as a proprietary product under the assigned name of Silver Paint No 25. 
These products have since been superseded by far more sophisticated and 
specialized silver paints and electrodags. 

5.2 The composition and nature of silver electrodags 
Proprietary electrodag paints typically comprise of a dispersion of silver 
suspended in an organic (thermosetting) resin and solvent of methyl 
isobutyl ketone. 

Two commercially available silver paints are recommended for use by 
the A/C, - Silver Paste T9058 and High Conductivity Electrodag 1415. 
These products can be purchased from Heraceus and Acheson Colloids 
respectively. 

5.3 Metallization: Practical procedures for applying silver electrodags 
The following guidelines have been derived from research into products 
available at the time of publishing this thesis. However, it is advisable for 
A/C anticipating using these products to contact the manufacturer to seek 
clarification on possible product modifications, and to obtain general 
advice. 

Preparing and cleansing the substrate surface 
Those areas of the glass selected for electrodeposition should be 
sandblasted/beadblasted and scrupulously cleansed prior to metallization. 
The conductive silver paint should be applied delicately to form a thin 
discrete film. This will prevent the loss of surface detail and promote 
adhesion during electrodeposition. 
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Principal modes of application 
Before and during use, these products should be thoroughly shaken to 

maintain a uniform chemical composition. Silver conductive paints can 

either be applied in a neat concentrated form with the aid of a paint brush, 

or they may be diluted and sprayed on to the surface of the glass. Viscous 

paste formulations have also been developed for specific silk screening 
applications. Whilst the latter two methods are more expensive because 

they use excessive quantities of media and require specialist equipment, 
they have the advantage of producing films of superior coverage and 
uniformity. In contrast painted applications, are more directly accessible to 
the A/C, and allow the silver paint to be applied to selected areas in a 
controlled fashion. However, on drying these rapidly evaporate to leave 
brush marks, which by default or fashion, tend to be exaggerated rather 
than disguised by the electrodeposition process. 

On application, conductive aquadags will air-dry almost 
spontaneously to form a silver film. Although the artefact may undergo 
immediate electrodeposition without any further preparation wherever 
possible, it is beneficial to stove conductive paints especially where they 
are applied to thermally stable substrates such as glass. This typically 
involves firing the metallized glass to a temperature of between 80-150°C 
(176-302°F) for a duration of 30 minutes. This fulfils three functions. 
Namely it; 

(i) lowers the resistance of the paint, so increasing its electrical 
conductivity. 

(ii) promotes good adhesion between the metal to the glass during 
subsequent electrodeposition. 

(iii) provides a durable surface which is more resistant to attack from 
hot or strongly acidic/alkaline electroplating solutions. 

After stoving, the metallized glass must be cooled, and cleansed using 
a propriety cleanser (eg: Shipleys Cleaner 1110), or mild liquid detergent 
(eg: Fairy Liquid). This should be followed by a thorough rinse in 
deionized water and an acid dip in 10% sulphuric acid (for approximately 
15 seconds), before finally rinsing the metallized glass substrate, and 
introducing it to the electroplating solution live. 

Film characteristics 
Conductive paints form a thin silver film. (This may appear patchy if 
applied too sparingly, or conversely may flake away from the surface if 
applied too thickly. ) The electrical conductivity will vary depending upon 
the uniformity and thickness of the applied coating. 

Recommendations for initiating electrodeposition 
To minimize stress and optimize adhesion, it is recommended that 
electrodeposition is initiated in either an acid copper sulphate or nickel 
sulphamate (dull) plating solution, using a very low current density of 1.0- 
2.0 A/dm` (10-20 Asf). 

5.4 Research procedures and test results 
Following sandblasting and cleansing procedures, the samples of glass, 
were metallized using a range of commercially available conductive silver 
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paints/electrodags. These were applied in accordance with the 

manufacturer's guidelines. Sample Nos. 123a and 123b were rendered 
conductive using Heraceus' Silver Paste T-9058, and fired at a 
temperature of 70°C (158°F). Sample Nos. 124a and 124b were rendered 
conductive using Acheron Colloids Electrodag 1415 and stoved to a 
temperature of 80°C (176°F) for 30 mins. Sample Nos. 128a and 128b 
were rendered conductive using Engelhards' Silver Electrodag T1012, and 
stoved to a temperature of 381°C (718°F) and Sample Nos. 129a and 129b 

were rendered conductive using Chemences' lonacure 6900 and stoved at 
a temperature of 80°C (176°F) for 60 mins. The samples were then 
cleaned and acid dipped prior to being introduced to the electroplating 
solution "live". Reference should be made to the accompanying Display 
Cabinets where the procedures for preparing and testing the samples are 
presented in greater detail. 

Four of the Samples Nos. 123a, 124a, 128a and 129a, were processed 
at a current density of 2.0 A/dm` (20 Asf), in contrast to Samples Nos. 
123b, 124b, 128b and 129b, which were processed at 4.0 A/ dm2 (40 Asf). 
All of the samples received an excellent surface coverage of 
electrodeposited metal, this proved to be moderately adherent. A slightly 
superior level of surface adhesion was found to exist in those samples 
which were electrodeposited at a the lower current density. However, it 

was evident that the silver electrodags were significantly less effective 
when (i) employed on polished glass surfaces, and (ii) air dried and cured 
at ambient/room temperatures, and (iii) there was a delay between 

metallization and electrodeposition. Deposits formed in these 
circumstances were weak, prone to lifting, peeling and exfoliation, and 
were easily stripped from the substrate surface. 

5.5 Recommendation/assessment 
Silver paints and electrodags are highly conductive, and especially 
recommended for use by the A/C practitioner as a metallizing procedure 
for electrodepositing metals on to glass. Whilst there is a reliance upon the 
principle of encapsulation to bond the metal to the glass, strongly adherent 
and durable coatings of metal can be obtained. The diverse range of 
methods available for applying silver paints, namely spraying, painting, 
immersion and silk screen, offer the A/C enormous flexibility and control. 
Furthermore these products can be applied sparingly and discretely which 
makes them particularly excellent for replicating fine detail and surface 
texture during subsequent electrodeposition. Fundamentally, although 
silver paints are expensive they are simple, practical and reliable to use, 
and will guarantee consistently good results. 

5.6 Additional information 

Silver powders 
Silver can also be applied to the glass in the form of a finely 
pulverized metal flake. However, in this high state of purity silver is 
very expensive and possibly outside the financial remits of many 
A/C practitioners. In practice, flaked silver has a tendency to 
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levitate and become airborne. It is therefore imperative that 
protective dust/face masks are worn. Before application, the surface 
of the glass must first be primed, or sprayed with a lacquer. Flaked 

silver, loaded on to a lens brush, can then be flicked on to the tacky, 
glutinous surface and burnished to appropriate good adhesion. This 
very smooth and continuous surface coverage of silver provides 
excellent conductivity, and is ideally suited to initiating and 
promoting successful electrodeposition. 
Electroforming applications 
Where silver electrodags are employed for electroforming 
applications, an additional procedure is recommended to assist the 
A/C in divorcing/detaching the completed electroform from the 
glass mandrel. This simply involves immersing the metallized 
surface in a solution of 3% potassium sulphide prior to rinsing the 
object and transferring it to the electroplating bath. 

/ 
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Section 6: The Chemical Reduction of Metallic Films 
(Mirroring) Rating: 

Introduction 
To assess the feasibility of using "chemical reduction" (also referred to as 
mirroring or electroless plating) procedures as a metallizing technique for 

electrodepositing metals on to glass, initial research focused upon 
examining the processes within a commercial/industrial context. However, 
it soon became apparent that contemporary methods of chemically 
reducing metallic films rely almost entirely upon the employment of a 
range of discrete proprietary products, which effectively serve to shroud 
the process in secrecy. Therefore, information relating to the fundamental 

principles and practices of the technique had to be gleaned from 

conducting a parallel survey into historical versions of the process. 
The following synopsis refers to the chemical reduction of three types 

of metal solutions. These have been prioritized according to their 
popularity and importance in relationship to facilitating the successful 
electrodeposition of metals onto glass. The most significant and pertinent 
process, the chemical reduction of silver solutions, is discussed in Part 1. 
This is followed by the reduction of copper solutions in Part 2, and finally, 

gold solutions in Part 3. 
From the outset it is worth stating that these procedures were not 

found to be particularly effective or appropriate to the purpose of 
electrodepositing metals on to glass, because of their poor surface 
adhesion. Therefore, it has only been deemed necessary to briefly 
summarize the rudimentary principles behind these processes. However, if 
contrary to this advice the A/C still wishes to experiment with this 
metallization technique, it is recommended that professionally silvered or 
coppered glass is obtained direct from a reputable mirroring company. 
Alternatively, the practitioner may wish to employ one of the many 
proprietary mirroring systems/solutions currently available. This will 
permit experimental mirroring to be conducted under the auspices of a 
professional organization, which will provide guidance and advice, and 
enable successful results to be obtained in a convenient, practical and safe 
working environment. 
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Part 1: The chemical reduction of silver films 

6.1.1 The evolutionary development and fundamental principles of the 

silvering process 
One of the oldest and most extensively employed methods of metallizing 
glass relies upon the chemical reduction of silver films. Since its 

emergence in the 1830s, this process has been employed in the commercial 
production of "mirrors" 

Attempts to produce metallic films on glass have been pursued since 
the 16th century. Alchemists and pioneers including Girolami Magnati 
formed reflective films on venetian glass from an amalgam of tinfoil and 

mercury. This Flemish art form was referred to as "mercury gilding". 
Despite being notoriously dangerous, this process, was popularly 

patronized and thrived well into the mid-1800s, when it was superseded by 

the more conventional "mirroring" techniques which are still widely 
advocated and practised today. 

Central to this technique was the idea of combining an aqueous 
solution of ammonical silver nitrate with a reducing agent to precipitate 
the chemical reduction of a metallic silver film. Subsequent developments 

gave rise to three widely accepted variations on this theme, which were 
referred to as the Formaldehyde process (1835), the Rochelle Salt process 
(1855), and the Brashear process (1880s). (A more detailed explanation of 
these processes is provided in the National Bureau of Standards 
Circulation on the Chemical Silvering of Mirrors, published in 1931. ) 
These dominated the scene until 1946 when the Hydrazine process was 
discovered. This technique, which provided a faster and more efficient 
method of silvering large volumes of glass, transformed the mirroring 
trade from a hand crafted skill into a fully automated commercial and 
industrial enterprise. 

6.1.2 The historical relationship of the silvering process to 
electrodepositing metals on to glass 
Historical documents dating back to 1852 (British Pat No. 1196) illustrate 
that silvering procedures were advocated and widely exploited for the 
purpose of electrodepositing metals on to glass. Silvering solutions based 

upon Rochelle Salt were favoured for metallizing glass because they were 
reported to produce very durable and resilient films which were deemed 

more appropriate to withstanding the intrinsic stresses of subsequent 
electrodeposition. However, these mirrors gave rise to electrodeposited 
films which were notoriously low in adhesion. Paradoxically, this defect 

was the very property which enabled silvered glass to become 

synonymous with many unique and highly prized electroforming 
applications. 

6.1.3 Metallization: Practical procedures for applying chemically 
reduced (mirrored) silver films 
The procedures employed in mirroring glass are basically synonymous 
with one another regardless of whether they are used within an industrial 
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or studio context. The following description provides a brief summary of 
the process. Reference should also be made to the accompanying 
illustrations (Fig. 6/5). 

Preparing and cleansing the substrate surface 
In practice, the glass is conveyed through a cleaning cycle. Initially it is 

swabbed with a solvent degreaser (eg. alcohol) prior to being scrubbed 
with cerium oxide (Stage 1). It may then be purified by immersion in nitric 
acid and thoroughly rinsed in demineralized water. The surface is then 
"primed" or "activated" by spraying (swabbing or immersing) the glass 
with a solution containing between 5 and 15% stannous chloride (Stage 2). 
This is absorbed into the surface to produce "active sites", which in the 
next stage of the process serve to promote the formation of a uniform and 
adherent silver film. After priming, it is imperative that the glass is 

thoroughly rinsed (to remove any remaining surface residues), before 
being transferred (whilst still wet) to the mirroring process. 

Principal mode of application 
The silvering solutions which comprise of a basic ammonical silver nitrate 
solution and a reducing agent, are then simultaneously mixed and liberally 
applied to the surface of the glass, using either a standard immersion 
process or spraying technique (Stage 3). Chemical reduction occurs 
spontaneously and results in the formation of a silver film. On completion, 
the mirrored film is dried, and then baked to a temperature of 40-60°C 
(104-140°F) to maximize adhesion. The metallic film is now capable of 
undergoing electrodeposition. 

In the commercial production of mirrors, the silvered glass would 
subsequently be superimposed with a chemically reduced film of copper 
(Stage 4). This not only protects the silver film from deterioration, but also 
provides an intermediary coating which is necessary to enable the mirror 
to be sealed with an adherent and durable backing of paint. This is baked 
on to the copper to form a resilient covering. 

Film characteristics 
On polished surfaces the silver film will produce a bright, highly reflective 
metallic sheen. However, on roughened/sandblasted glass surfaces, 
chemically reduced silver films whilst retaining a specular quality, will 
exhibit a granular appearance. 

Recommendations for initiating electrodeposition 
On completion, the silvered film should be left to mature for two to three 
hours prior to electrodeposition (to strengthen the bond). Mirrored films 
are very fragile and susceptible to deterioration when exposed to plating 
solutions. They are also very thin, and only possess a very limited/low 
level of surface conductivity. Therefore, to avoid inducing stress and poor 
adhesion (which will result in the spurious blistering and exfoliation of the 
electrodeposited metal), it is imperative that the glass undergoes 
electrodeposition at a very low current density, using either an acid copper 
sulphate (at 0.2-0.5 A/dm2 (2-5 Asf)), or a nickel sulphamate 
electroplating solution (at 1.0 A/dm2 (lOAsf)). Although very mild 
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Fig. 6/5 The Commercial Process of Mirroring Glass 

Throughout history silvering procedures have been used for manufacturing mirrors 
and for metallizing glass in preparation for subsequent electrodeposition. The main 

stages of the process are illustrated below; 

Stage 1. Cleaning the Glass 

Stage 2. Sensitizing the Glass 
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Stage 3. Silvering the Glass 

Stage 4. Coppering the Glass 
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A paint backing is subsequently applied. This is heat cured and sealed to protect the 
mirror and provide strength, good durability and long term serviceability 
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(mechanical) agitation may be used, extreme caution must be exercised, 
particularly in the initial stages of the electrodeposition process, because, 

as illustrated in Sample No. 72a, this may simply serve to exacerbate any 
incipient problems of poor adhesion. 

6.1.4 Research procedure 
Within the context of this research, experimentation to assess whether 
silvering/mirroring procedures provide a suitable means of rendering glass 
conductive were carried out using the practical assistance and expertise of 
the Solaglass mirroring plant in Coventry (documented and illustrated in 
6.1.3). A more detailed description of these operating conditions and 
procedures is referred to in the Accompanying Material exhibited 
alongside the Display Cabinets. 

6.1.5 Test results and recommendation/assessment 
Information derived from extensive research into the practical application 
of historical and commercial mirroring processes, in conjunction with the 
results obtained from practical tests and empirical experimentation, has 

confirmed that silvered films cannot be recommended as a metallization 
procedure for electrodepositing metals on to glass. As illustrated in Sample 
Nos. 72a and 72b (commercially silvered glass), and Sample Nos. 73 and 
74 (commercially coppered glass) which are exhibited in the 
accompanying Display Cabinets, chemically reduced films (if handled 

carefully) are capable of producing uniform, coherent and continuous 
films of electrodeposited metal. However, there are two major drawbacks 
to using this process. Firstly, mirrored films possess very limited surface 
conductivity, and are therefore only capable of successful 
electrodeposition at very low current densities, and secondly, the glass-to- 
metal bond is fundamentally weak and virtually non-adherent. This causes 
the electrodeposited copper to lift and peel away from the substrate 
surface, and display a distinct tendency towards exfoliation. This inherent 
flaw means that the deposits are unsuitable for any serviceable or practical 
application. The characteristics exhibited indicate that the process would 
be better suited to electroforming applications. 

The films yielded as a result of this metallization procedure are very 
fragile (highly susceptible to damage), smooth and highly reflective. They 
therefore have limitations in terms of their potential for creative 
exploitation. 

It must also be acknowledged that silvering processes are notoriously 
dangerous and hazardous, and require a considerable level of professional 
skill and judgement to be used effectively. As such, they can not be 
advocated for use by the A/C practitioner. 

Part 2: The chemical reduction of copper films 
Copper can also be chemically reduced on to glass substrates to impart a 
very fine and highly reflective conductive metal film which is capable of 
undergoing subsequent electrodeposition. In principle, the procedures 

I 
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employed to achieve this are analogous with those practised in silvering 
glass. 

6.2.1 The evolutionary development and fundamental principles of the 

coppering process 
References corroborating the chemical reduction of copper films date back 
to 1857, when Faraday formed a metallic film by heating a sample of glass 
immersed in a solution of copper oxide and olive oil. This discovery 
inspired new research and experimentation, which provided an impetus for 

the registration of several new mirroring solutions. As disclosed in patent 
specifications from the early 20th century, these were aimed at improving 
the uniformity, coherence and reflective qualities of mirrored films. Since 
the 1960s this process has been harnessed by the electronics industry for 

metallizing plastics where it has found a successful market niche in of 
circuit board technology. 

6.2.2 The historical relationship of the coppering process to 

electrodepositing metals on to glass 
Literature indicates that mirrored copper films were seldom advocated as a 
metallization procedure for electrodepositing metals on to glass. However, 
Marino (1912 - British Pat. No. 12,642) recommended an fascinating 
procedure which involved coating the ceramic or dielectric substrate with 
a solution of copper fluoride prior to exposing the article to the fumes of a 
reducing gas. This precipitated a highly conductive copper film which 
could be used as a precursory stage to subsequent electrodeposition. 

6.2.3 Metallization: Practical procedures for applying chemically 
reduced (mirrored) copper films 

Preparing and cleansing the substrate surface 
To obtain a good reflective film, the glass must first be meticulously 
cleansed. Reference should be made to section 6.1.3 where a suitable 
procedure is outlined in detail. The glass is then immersed in a solution of 
palladium chloride, to "prime" or "activate" the surface before being 
thoroughly rinsed and transferred (immediately) to the electroless copper 
plating solution. 

Note: If a chemically reduced film of silver has already been formed 
on the surface of the glass (as is common practice in industry), it will not 
be necessary to reactivate/reprime the glass in this manner. Sample Nos. 
73 and 74, which are exhibited in the accompanying Display Cabinets, 
were treated in this way (and had already received an underlying silver 
film prior to coppering). 

Principal mode of application 
The copper solution is mixed with a reducing agent to form the electroless 
copper plating/mirroring solution. This must be applied to the glass 
immediately using either an immersion treatment or alternatively a spray 
gun. The most popularly exploited solutions employ formaldehyde as the 
reducing agent. 

a 
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Film characteristics 
Refer to section 6.1.3. 

Recommendations for initiating electrodeposition 
Once a copper film has been precipitated, the glass should be extracted 
from the solution, rinsed in distilled water, and dried in a jet of warm air, 
before being transferred to the electroplating solution. Deposition should 
be initiated in either a copper pyrophosphate or acid copper sulphate 
electroplating solution using a very low current density of 0.25-0.5 A/dm` 

(2.5-5 Asf). This will prevent the mirrored film from being damaged, 

stripped or burnt away and will promote the successful electrodeposition 
of a coherent film of copper. 

6.2.4 Research procedure 
Within the context of this research, proprietary (electroless) copper plating 
formulations were used to evaluate the feasibility of using chemically 
reduced copper films as a metallization procedure for electrodepositing 
metals on to glass. The solutions selected for use were chosen because 

they were felt to represent the more sophisticated and technically advanced 

of the range of electroless copper plating solutions currently available. 
Employed in accordance with the manufacturer's recommendations, they 
were also simple, effective and safe to use, factors which, render them 
appropriate to practical exploitation by the A/C practitioner. 

Practical and empirical experimentation centred upon the use of two 
mirroring/electroless copper plating systems, namely the Electroposit 251 

process, and the Crimson process (details of which are available from 
Shipleys Chemicals). In each case, a group of samples, Nos. 85 and 86 

respectively, were pre-disposed to a range of different surface roughening 
operations prior to receiving a chemically reduced film of copper and 
undergoing subsequent electrodeposition. For a detailed description of the 
operating parameters and conditions under which the tests were conducted, 
reference should be made to Sections 1 and 2 of the Appendix and to the 
Accompanying Material exhibited alongside the adjoining Display 
Cabinets. 

6.2.5 Test results and recommendation/assessment 
The results confirmed that chemically reduced films of copper are 
fundamentally unsuitable for promoting the successful electrodeposition of 
metals on to glass. Although the tenacity of the glass-to-metal bond varied 
significantly depending upon the surface preparation, all samples produced 
very weak/non-adherent deposits. Results indicated that whilst the 
mechanically abraded/roughened samples of glass (Nos. 85(2a), (3a) and 
(4a), and Nos. 86a, b and d) displayed a good level of surface conductivity 
which facilitated the formation of a coherent and continuous film of 
electrodeposited metal, they produced deposits which exhibited a very 
weak to moderate degree of adhesion. In contrast, polished (Nos. 86c and 
d), or chemically etched (Nos. 85 (1 a) and (lb)) samples of glass which 
had been metallized using chemically reduced copper films produced very 
fragile and loosely adherent coatings of electrodeposited metal, which 
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were prone to a spurious profusion of blisters and exhibited evidence of 
lifting, peeling and exfoliation. As such, this metallization procedure can 
not be recommended for practical exploitation by the A/C for 

electrodepositing metals on to glass. 
Aesthetically, however, several of the test results illustrated visually 

stimulating effects which, if nurtured, display the potential for creative 
exploitation by the A/C practitioner. The blistering effect (exhibited in 
Sample Nos. 85 (1a) and 86c) which was characteristic of metal 
electrodeposited on to a polished glass surface, together with the inhibited, 

partial metal deposition (exhibited in Sample No. 86a) produced 
particularly interesting surface patterns. Therefore, in certain 
circumstances, this metallization procedure, may despite its inherent 

weakness, still be appropriate to A/C wishing to pursue unique aesthetic or 
decorative effects. 

From a practical point of view, these commercial (copper) mirroring 
processes involve several complicated stages, and a series of sophisticated 
chemicals. Furthermore, both the temperatures and timing require a level 

of precision, which renders them fiddly, difficult and labour intensive. 
Systems for chemically reducing films are not, therefore, recommended 
for practicability or accessibility. Fundamentally, these processes are 
geared to commercial production. This means that they are financially 

expensive and inappropriate for application by the A/C operating within a 
studio environment. 

6.2.6 Additional information 
Sample No. 87 underwent further experimentation. After receiving an 
electroless film of copper, the sample was cleansed and reactivated prior to 
being immersed in an electroless nickel plating solution, whereupon it 
received a very uniform and coherent film of nickel. This experiment was 
valuable because it identified an alternative process, which could be used 
by the A/C to nurture decorative metallic finishes and build up additional 
layers of metal. Further details regarding this procedure are referred to in 
the Accompanying Material exhibited alongside the adjoining Display 
Cabinets. 

Part 3: The chemical reduction of gold films 
6.3.1 The evolutionary development and fundamental principles of the 
gilding process 
In principle, gold films are precipitated from a solution of gold chloride. 
Historically they were used for decorative signwriting and manuscript 
work by scientists and mirror makers alike who were attracted by the 
alluring qualities and precious nature of the metal. More recently, 
chemically reduced gold films have permeated into more sophisticated and 
specialized applications, to form highly reflective films on optical 
devices/lenses, and conductive coatings on electrical components. The 
process naturally lends itself to metallizing glass surfaces prior to 
electrodeposition. 
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6.3.2 The historical relationship of the gilding process to 

electrodepositing metals on to glass 
The chemical reduction of gold mirrors dates back to 1855 (British Pat. 
No. 1681), and the experimental research of Petitjean, who employed a 
reducing solution of sodium tartrate to precipitate gold films on glass. 
However, from patented literature, it is apparent that Leopold Eidlitz 
(1860 - British Pat. No. 893) was the first to exploit the technique as a 
metallization procedure for electrodepositing metals onto glass templates 

and mandrels. In the process a photographic, light-sensitive gel was used 
to produce a relief design on the glass, which was then metallized by 

pouring a solution of gold chloride over the surface. When exposed to 
phosphoric fumes this precipitated a coherent gold film. This procedure 
was frequently used in electrotyping applications. 

6.3.3 Metallization: Practical procedures for applying chemically 
reduced (mirrored) gold films - gilding 
It is recommended that A/C should either use a proprietary (electroless) 
gold solution, or purchase glass professionally guilded by a reputable 
mirroring establishment. Alternatively, the following gold mirroring 
solution, cited by J. Newman in the "Mirror Book", is a formula which is 

recommended for practical application by the A/C practitioner. 

Preparing and cleansing the substrate surface 
Refer to the procedure described in section 6.1.3. 

Priming the glass 
The glass should be immersed in a very dilute sensitizing solution 
comprising of one part stannous chloride and 1,500 parts of water, for 
approximately 20 seconds. 

The gilding process/gold mirroring formulation 
Solution A: 25 gms (4 oz per gallon) gold chloride (50%) 

dissolved in 1 litre of water. 
Solution B: 20 gms (3.2 oz) citric acid 

10 ml (0.35 fl oz ) ammonia 
1 litre (1 gallon) distilled water 

Use equal quantities of solutions A and B (1: 1) Mix these together and 
pour over the surface of the glass to produce a highly reflective gold film. 
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Vacuum Deposition and Cathode Sputtering 

Introduction 
The following metallization procedures bear many underlying similarities. 
In principle they both use corresponding equipment and rely upon a 
"vacuum", which enables metal to be deposited physically from a vapour. 
The fundamental difference between the two processes is the method by 

which the metal vapour is produced. Further features which differentiate 
between the two processes are highlighted in Table 6/3. These will be 

clarified in the following discussion. Whilst cathode sputtering is regarded 
as a much slower, less convenient and more complex process, it has a 
broader and more universal range of applications and is far more versatile 
than vacuum deposition. 

Table 613. Factors Differentiating between Vacuum Deposition & Cathode 

Sputtering 

Nature of Comparison Vacuum Deposition Cathode Sputtering 
(source) 

Conditions under which Under a high vacuum Under a controlled low pressure of 
deposition occurs residual gas 
(Graham 1971. pp. 483-5) 

Pressure Usually performed within a Performed within a pressure range 
(wheezer 1958, p. 200) pressure range of 10-2 - 10' of 1-10-2 

Suitability to depositing Used to deposit metals with a low Capable of depositing a broad 
different metals vapour pressure - ie metals which range of metals, including highly 
(Gabe 1978, pp. 100-101) are easily volatized. Of limited reactive metals which are too 

application unstable to undergo vacuum 
deposition. Has a more universal 
application 

Metal source The metal must be heated to The metal does not need to be 
(Graham 1971. p. 484) undergo vapourization and heated to be deposited 

deposition 
Speed of the process A comparatively fast and relatively A fairly slow and far more complex 
(Canning 1978, pp. 774-75) simple process process 
Film adhesion Moderate Excellent 

4 

From the start it must be acknowledged that both of these procedures are 
technically sophisticated, expensive to employ, and inappropriate to 
utilization in a studio environment. They are not, therefore, recommended 
for practical application by the A/C. As such, this section will only give a 
brief summary of the basic principles behind these procedures and provide 
an evaluation of the practical experiments undertaken within the context of 
this research. Please note that a combined analysis, leading to a 
recommendation and assessment of the suitability of vacuum depositing 
and cathode sputterng to metallizing glass substrates, is given in Section 
8.5. 
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Section 7: Vacuum Deposition Rating: F 

7.1 The evolutionary development of vacuum deposition technology 

and its historical relationship to electrodepositing metals on to glass 
Vacuum deposition has been advocated as a method of coating articles 
with thin films of metal since the 1850s when R. A. Brooman (1856 - 
British Pat No. 1335) successfully exploited the process in order to form 

metallic films on glass. 
From a historical point of view vacuum deposition procedures were 

primarily used to produce highly reflective metallic sheens on glass, which 
found widespread commercial application in the mirroring industry. 
Besides exhibiting strong adhesion and durability, the film thickness of 
these mirrors could be controlled to produce coatings bearing different 
intensities of light transmission. This promoted the use of the process 
within a range of idiosynatic engineering and scientific applications. Since 
the 1900s vacuum deposition procedures have also been employed as a 
practical and efficient method of mirroring the internal walls of heat- 

retaining glass thermos/vacuum flasks. 
Today vacuum metallization techniques are employed to coat a broad 

spectrum of dielectric substrates with metallic films for both aesthetic and 
functional applications. In particular, the process has found widespread 
commercial application in the decorative metallization of plastics and 
paper products for the packaging industry. 

Evidence exists to link vacuum deposition technology with the 
process of electrodeposition. However, whilst it is clear that the technique 
was used to render electroforming mandrels conductive in the 
phonographic/record industry (eg 1900 - British Pat. No. 13,693), 
historical documents advocating the use of vacuum-forming procedures 
for metallizing glass in preparation for subsequent electrodeposition 
appear to be rare. Nevertheless, during the 1940s, Warboe and Weyl 
produced strongly adherent vacuum-formed films of copper on glass, 
which were deemed appropriate to subsequent electrodeposition. 

7.2 The nature of the process: metals capable of undergoing vacuum 
deposition 
Vacuum deposition procedures exhibit the ability to evaporate and deposit 
a wide range of metals on to glass. In particular, specula of gold, silver, 
platinum and palladium can readily be deposited to produce films which 
display varying degrees of transparency or opacity. However, copper and 
nickel do not yield results as easily as the above mentioned metals. As a 
general guideline, vacuum deposition procedures are most appropriate for 
depositing volatile, heavy metals. 
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7.3 Metallization: Practical procedures for applying vacuum deposited 

metal films 

Preparing and cleansing the substrate surface 
Vacuum deposition procedures are especially sensitive to surface 
impurities and contamination. To provide a good chemical keylbonding 

site, the surface of the glass must be scrupulously purified and prepared 

using a competent cleaning cycle. Preliminary cleansing is undertaken 

using solvent degreasing and caustic alkali cleaning solutions. This is 

typically followed by a vapour degreasing treatment, preferably using 
isopropyl alcohol as the solvent medium. The surface must then be dried to 

eliminate any remaining water vapour. This is achieved by baking the 

glass (to a temperature of 300°C (572°F)). The final stage of the cleansing 
cycle involves placing the glass in a vacuum chamber and subjecting it to a 
"glow discharge". 

Principal mode of application 

Equipment 
In simple terms, the equipment (Fig. 6/6) required to accommodate 
vacuum deposition consists of a bell jar which serves as a vacuum 
chamber (A). This rests upon a base plate (B), and is connected to a 

powerful diffusion pump which is used to exhaust the chamber of air. The 

glass surface to be metallized is suspended in the upper portion of the bell 

jar. The metal to be deposited, which typically consists of a metal strip or 

piece of wire, is either positioned in a heatable coil/tungsten filament (C), 

or in a special crucible/boat (Fig. 6/7) (which is usually made of either 
tungsten, molybdenum or tantalum). This supports the metal and serves as 

a source of evaporation. 

Method 
To initiate vacuum deposition, the sealed chamber (bell jar) is exhausted 
of air. An electrical current is then passed through the crucible/filament to 
the metal which, heated under a high vacuum, melts and undergoes 
thermal evaporation. The metal remains, suspended as a vapour, until it 

comes into direct contact with the substrate surface, whereupon it 

spontaneously recondenses to form a coherent and highly reflective 
metallic film. 

However, vacuum deposition techniques have two fundamental 
drawbacks which are worthy of consideration. Firstly, the process has a 
very poor throwing power, so complex three-dimensional forms will need 
to be rotated between consecutive vacuum-forming operations to ensure a 
good surface coverage of metal is obtained. Secondly, the process is non- 
selective. As such, all articles adjacent to the substrate surface, including 
the vacuum chamber itself (unless protected by a shielding device), will 
become at least partially coated with metal. 

4 
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Joint waxed in position 
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connecting to 

To vacuum pump current 

Fig. 6/6. Laboratory Apparatus for Vacuum Deposition 
(Source: WHEELER, E. L. (1958) Scientific Glassblowing. London: Interscience Publishers. p. 213) 

Film characteristics 
The structure, qualities and properties of a deposit are infinitely variable 
and are controlled and pre-determined by the deposition rate, substrate 
temperature, vacuum pressure, and the contact angle at which the metal is 
deposited. Films of varying thicknesses can be produced by altering the 
exposure time and electrical current. This enables the process to be 

controlled with great precision. As a general guideline, metals which 
readily oxidize in the atmosphere tend to form tenaciously adherent 
deposits, whereas noble metals, such as gold and silver, tend to produce 
weak and poorly adherent deposits. Metallic films which are deposited on 
non-metallic substrates usually manifest exceptionally high resistances. 
Typically a film of vacuum-deposited silver would need to be at least 40A 
thick to engender the conductive properties required to facilitate successful 
electrodeposition. 

Recommendations for initiating electrodeposition 
It is advisable to employ a low current density (eg. 0.5 A/dm2 (5 Asf) 

when using an acid copper sulphate solution) to initiate and sustain 
electrodeposition. This will allow a more coherent and continuous film of 
metal to be deposited. 
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The evaporating Source: The boat/crucible or tungsten coil used, will vary depending 
upon by the metal boing evaporated. Typically silver and copper are vacuum deposited 
from molybdenum or tantalum crucibles whereas platmurr4 gold and nickel are deposited 
from a tungsten helix. 

Fig. W. Different types of Vapour Source Heaters (Evaporating Boats) 
and Tungsten Helical Evaporators 

(Source: WHEELER, E. L. (1958) Scientific Glassblowing. London: Interscience Publishers. 

pp. 210-11) 

7.4 Research procedures and test results 
A series of glass slides received vacuum-formed deposits of copper using a 
small laboratory facility similar to that illustrated in Fig. 6/6. These were 
then transferred to an acid copper sulphate electroplating solution. 
Reference should be made to Sample No. 94, which is exhibited in the 
Display Cabinets (where it is accompanied by a detailed account of the test 
procedures employed). Those samples which received a very dense/opaque 
vacuum-formed copper film gave rise to the most successful results during 
subsequent electrodeposition, and received a good surface coverage of 
metal. However, whilst the electrodeposited metal was both continuous 
and coherent, it showed obvious signs of exfoliation and poor adhesion. It 
was apparent that these effects, and the incipient spalling of the metal, 
were partly attributable to stress which was induced as a direct result of 
using too high a CD during subsequent electrodeposition. The more 
transparent films of vacuum-deposited copper exhibited inferior levels of 
surface conductivity and in many cases, resisted successful 
electrodeposition. 

1 
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Section 8: Cathode Sputtering Rating: F 

8.1 The evolutionary development of cathode sputtering technology 

and its historical relationship to electrodepositing metals on to glass 
Grove was accredited with the discovery of cathode sputtering in 1852. 

From the 1880s the procedure found commercial application in the 
industrial production of mirrors, and was later used for coating electrical 

conductors, resistors and incandescent lamps. Thereafter, faced with the 

rapid development of vacuum deposition techniques, which by comparison 

offered greater efficiency and financial expedience, the process of cathode 

sputtering dwindled in popularity, fell into disrepute, and became 

temporarily relegated to small scale laboratory research and 
experimentation. Since the 1970s architectural and interior design 

applications have (in taking advantage of solar controlled panels) been 

responsible for pioneering a swift revival in the success of cathode- 
sputtered glass. This technology has since been exploited to identify new 
market opportunities in the automobile industry (windscreens, sunroofs 
and visors), and in optical research. However, no research evidence has 
been found to substantiate the claim that cathode sputtering was ever 
employed as a metallizing media for electrodepositing metals on to glass. 

8.2 The nature of the process: metals capable of undergoing cathode 
sputtering 
Cathode sputtering can be employed to deposit metals which are 
unsuitable for conventional vacuum deposition. Furthermore, because the 
process takes place in a gaseous atmosphere, conventional problems such 
as oxidation can be eliminated which make it possible to produce films of 
a superior quality. A wide range of metallic films can be deposited using 
the process, including platinum, silver, gold, copper and various alloys. 

8.3 Metallization: Practical procedures for applying cathode sputtered 
metal films 

Preparing and cleansing the substrate surface 
Reference should be made to Section 7.3 where appropriate cleansing and 
preparation procedures are outlined in further detail. Glass, coated with a 
transparent, iridescent pallor of tin oxide, is advocated for use in cathode 
sputtering because it is reported to have the advantage maximizing film 

adhesion. 

Principal mode of application 

Equipment 
A conventional laboratory appliance which is suitable for conducting 
small-scale cathode sputtering is illustrated in Fig. 6/8. Typically the 
apparatus consists of an evaporation chamber (a clear glass bell jar (B)) 
sealed to an aluminium or glass base plate (K). The latter has a small 
aperture through which air is evacuated to create a vacuum. The substrate 
receiving deposition is supported/suspended centrally in the upper region 
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of the bell jar. Whilst the cathode (C) is placed in an adjacent position 
parallel to the surface requiring deposition. Where ever possible the 

cathode should be designed to echo the shape and form of the object being 

deposited. A comparable facility for sputtering glass within an industrial 

context is illustrated in Fig. 6/9. 

Sealed-in electrode 

Vacuum wax 

Glass shields to 
protect bell jar 
from being plated bell Jar (B) 

Cathode (C) 
Ap e: on C, vacuum seal 

A \de Glass Support for anode 
Metal base plate 
(K) GIa55 Support 

Gla55 tube to 
vacuum pump 

Vacuum wäx To vacuum pump 

Sealed-In electrode 

Fig. 6/8. Laboratory Apparatus for Cathode Sputtering 
(Source: WHEELER, E. L. (1958) Scientific Glassblowing. London: Interscience Publishers. p. 215) 

Method 
Fundamental to cathode sputtering is the use of a controlled low pressure 
residual gas. Typically the process takes place in an atmosphere of 
nitrogen, argon or hydrogen. The gas in the vacuum chamber must be 
highly conductive since this is the carrying medium through which the 
transference of metal occurs. The metal to be deposited (which does not 
require heating) takes on the role of the cathode in the circuit, whilst the 
object/glass requiring metallization becomes the anode. The gas chamber 
is set to the correct pressure. Deposition is then activated by the 
application of an electrical current, referred to as a "glow discharge", 

which creates a voltage between the anode and cathode, and completes the 
electric circuit. This energy liberates the metal from the surface of the 
cathode, and forcefully propels it into the gaseous atmosphere. On contact 
with the surface of the anode the metal vapour resolidifies to form a 
continuous metal film. The procedure is sophisticated and metal deposition 
only occurs under very precise conditions. 
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The duration of the process, the type and pressure of gas, and the 

voltage used (typically 500-5000 volts) are critical criteria in regulating 
the speed of the process and properties of the resulting film. However, 

although cathode sputtered films are vastly superior to those produced 
through vacuum forming techniques deposition rates are extremely slow 
(According to Graham an operating period of 45 minutes is required to 
deposit an opaque film of platinum). 

Film characteristics 
Although metal deposition is indiscriminate, cathode sputtering techniques 
produce fine grained and coherent films of metal, which are tenaciously 
adherent when applied under optimum conditions. 

Recommendations for initiating electrodeposition 
Refer to Section 7.3. 

8.4 Research procedures and test results 
Samples of Pilkington's Suncool range of reflective glasses, which had 
been metallized using cathode sputtering procedures, were tested to assess 
their surface conductivity and suitability to promoting electrodeposition. 
These samples (Nos: 30,3la, 3lb, 33,37, & 38) are exhibited in the 
accompanying Display Cabinets, alongside a detailed account of the 
preparation and test procedures employed. 

All of the samples tested underwent successful electrodeposition. 
However, the deposits formed were exceptionally weak and virtually non- 
adherent. Wafer-thin, flaky sheets of tenuous copper were deposited which 
underwent exfoliation, and became partially divorced from the surface, 
whereupon they were duly replaced by replica copper films. The laminates 
of copper were extremely brittle, very fragile, and were not capable of 
withstanding handling without undergoing physical deterioration. In all 
cases metal deposition gravitated towards the peripheral areas of the 
metallized film (the high current density areas). It was also evident that 
prolonged exposure to the electroplating solution led to the corrosion and 
eventual eradication of the metallized surface film. 

8.5 Recommendations/assessment of the suitability of vacuum 
deposition and cathode sputtering to metallizing glass substrates 
Research has identified three distinct disadvantages of using these 
techniques in addition to those originally highlighted in the introductory 
statement. Firstly, these metallization procedures are inappropriate where a 
good surface coverage of metal is required on complex or undercut 3D 
forms. Secondly, the films can only be applied in an indiscriminate fashion 
which limits the potential for creative expression and thirdly, vacuum- 
formed/cathode-sputtered films are not capable of withstanding the 
stresses of the electroplating process and produce electrodeposited films 
which are extremely weak and virtually non-adherent. These techniques of 
metallizing glass, in preparation for subsequent electrodeposition, can not 
therefore be recommended for practical exploitation by the A/C. 

i EI 
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Section 9: Metal Powders 

9.1 Introduction 

Rating: F 

It has become evident from this research that the vast majority of 
techniques used to engender surface conductivity rely emphatically upon 
the use of metal powders. Many industrial entrepreneurs have used 
advanced technology as a vehicle to transforming basic metal powders into 

commercially sophisticated metallizing media. However, the following 

section is unique since it describes techniques which use metal powders in 

their crudest and most direct form. They illustrate how high purity 
pulverized metals can be employed as a low-technology approach to 
metallization. In this context they are cheap and simple to use, and offer 
enormous flexibility in application, attributes which render them 
particularly appropriate to exploitation by the A/C operating within the 

practical limitations of a small-scale studio environment. 
Most of these techniques have evolved through ad hoc personal 

research and practical experimentation, and are not the result of any long- 
standing, historical precedence or systematic scientific research. However, 
information derived and borrowed from allied technologies has proved to 
be a useful source of inspiration in identifying and pursuing potential 
avenues of exploration. 

9.2 The nature and properties of metal powders 
Great care must be exercised when selecting metal powders for the 
purpose of engendering electrical conductivity in glass as several basic 
criteria must be fulfilled. 

Firstly, it is essential to remember that the surface conductivity will 
largely be predetermined by the specific conductivity of the metal powder 
employed. Therefore, by definition, metals which possess highly 
conductive properties will be most appropriate to metallizing applications. 
The following information (Table 6/4) is taken from Spons Encyclopaedia. 
This indicates that if silver is taken as equal to 100, the relative 
conductivities of pure metals are as follows: 

Table 6/4. The Relative Conductivity of Pure Metals 

Metal Chemical Symbol Relative Conductivity 
Silver Ag 100.0* 
Copper Cu 99.9* 
Gold Au 77.9 
Zinc Zn 29.0 
Platinum Pt 18.4 
Iron Fe 16.8 
Nickel Ni 13.1 
Tin Sn 12.4 
Lead Pb 8.3 
Graphite C (allotrope of) 0.069 

(' Recommended for use by the A/C) 
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NB: Any alloy/admixture of metals will compromise the conductive 
properties of a given metal. 

Despite its inferiority to silver, copper is the metal most highly 

recommended for use by the A/C practitioner. This is because it is cheap, 
highly conductive, unlikely to undergo rapid oxidation, and commercially 
available in a high state of purity. Pulverized metals can be purchased in 

varying degrees of fineness. These must be purified and freed from any 
residual greases prior to use. 

Secondly, where metal powders are integrated into the body or surface 

of the glass substrate using hot methods of application, it is imperative that 
the pulverized metal and glass bear a similar co-efficient of expansion. 
This is essential to ensure compatibility, and prevent stress fractures 

emerging during the annealing process. Furthermore, where 
electrodeposition procedures are to be initiated, the metal powder selected 
for use must also be compatible with the intended plating solution. 

Finally, in order to maximize surface conductivity the metallizing 
medium must be applied so that it is exposed on the uppermost/exterior 
face of the glass. This is of fundamental importance as any metal which 
sinks beneath the surface will automatically become insulating and fail to 

engender the conductivity required to initiate successful deposition. 

9.3 Metallization: Practical procedures for applying metal powders 
(with reference to: 9.4 Research procedures and test results) 
At room temperature glass is a solid. However, when it is heated in a kiln 

or furnace, its viscosity changes and it is transformed from a soft malleable 
material into a semi-liquid state. The following methods of engendering 
conductivity involve impregnating metal powders into the surface of the 
glass using fusing, laminating and casting techniques, which equate to 
manipulating the glass within different temperature ranges of this heat- 
induced metamorphosis. Within the context of this research, each of these 
techniques has undergone independent exploration, these are referred to in 
Sections 1,2 and 3 of the following synopsis respectively. The resulting 
experimentation has given rise to an intriguing and varied catalogue of 
possibilities. It is hoped that collectively these will highlight some of the 
strategies and options which are available to A/C wishing to employ metal 
powders as a metallization technique. 

Section 1: Fusing 
The following experiments focus upon the use of low temperature firing 
techniques. In practice the main body of the glass remains inert and 
relatively stable, whilst the exterior surfaces become soft and sticky. This 
enables fusing to occur between neighbouring glass components and 
pulverized metal powders. The resulting bond is weak, fragile and easily 
fractured. Fusing occurs within a temperature range of 700-850°C (1292- 
1562°F) depending upon the specific nature and properties of the glass. 

The methods available for applying metal powders to glass present the 
A/C with an enormous range of possibilities, several examples are 
illustrated in the experiments outlined below. These include sieving finely 
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pulverized metal on to a stencilled glass surface, or blending the metal and 
glass with an oil or water-based lubricant prior to fusing. Invariably metal 
powders which are impregnated into the surface of glass produce films 

which have a soft, velvety appearance. 

Technique No. 1 
Identification: Sample group No. 105 (18 samples) 
Preparation and mode of application 
Finely ground lead and soda glasses in the form of ballotini were 
independently mixed with varying proportions of selected metal powders. 
A suitable binding agent was formulated which comprised of 5m1 (0.18 fl 

oz) of gum arabic and 10m1(0.35 fl oz) of distilled water; 1.0-2.0ml 
(0.035-0.07 fl oz) of this solution was added to each individual sample. 
This medium enabled each sample to be uniformly blended and integrated 
into a homogenous mass, which was capable (with the aid of a template) 

of being formed into a series of flat sheets which measured approximately 
9.7 cm` (11/2"sq). These were fused in a kiln to form a set of test samples. 
The metal powders employed, namely Scropas bronze filler, copper 
powder and printers' bronzing powder, were each tested using both soda 
and lead ballotini glasses, so in all six combinations were examined. These 

may be classified as follows: 
Group A: soda ballotini and Scropas bronze filler 
Group B: lead ballotini and Scropas bronze filler 
Group C: lead ballotini and copper powder 
Group D: soda ballotini and copper powder 
Group E: soda ballotini and printers' bronzing powder 
Group F: lead ballotini and printers' bronzing powder 

The proportion/ratio of metal to glass used in each combination was 
subsequently varied to assess the extent to which the concentration of 
metal powder affected the conductivity of each glass sample and its 

amenability to subsequent electrodeposition. In accordance with this, 
within each of the six groups (A-F) outlined above, three sets of samples 
were prepared for testing. By weight these comprised: 

(1) 50% glass and 50% metal (1: 1) 
(2) 75% glass and 25% metal (3: 1) 
(3) 25% glass and 75% metal (1: 3) 

Two control panels, consisting of single sheets of pure lead ballotini and 
pure soda ballotini were also prepared and tested. 

Film characteristics 
After firing, all of the samples (with the exception of the control panels) 
bore a soft blue/graphite coloured appearance and rough surface texture. 

Electrodeposition procedure 
Each test piece was introduced to the electroplating solution `live' and 
during the initial 15 minutes the current was gradually increased to 2.0 
A/dm2 (20 Asf). The electrical resistance registered by each sample during 
the electrodeposition process was recorded. (This provided a direct 
indication of the surface conductivity) and was of particular interest during 
the initial stages of the electrodeposition process. 
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Results 
In summary, most of the samples tested underwent successful 
electrodeposition, but to broadly varying degrees. As anticipated, within 
each group, the greatest resistance to electrodeposition was recorded in 

those samples with low metal ratios (25% metal to 75% glass). The 

electrical resistance decreased, and hence conductivity rose significantly 
when the metal-to-glass ratio was increased to 50% glass and 50% metal. 
The composition of the glass did not appear to affect the conductivity of 
the samples. 

Of the six main combinations, the most consistent and positive results r 11,: 
were obtained where the metal powder referred to as Scropas bronze filler 
was employed (Groups A& B). This was closely followed by the group 
which employed copper powder and lead glass (Group C), (However, this 
degree of success was not so evident in those samples which employed 
copper powder and soda glass Group D). These two combinations are most 
highly use b to employ recommended for by the A/C wishing the technique 
as a metallization procedure for electrodepositing metals onto glass. 

The least successful results were obtained where printers' bronzing 
powder was used in conjunction with lead (Group F) or soda glass (Group "f! 
E). These samples registered a high resistance (voltage) an indication of 
poor surface conductivity, and produced deposits which exhibited a 
sparse/poor surface coverage of electrodeposited metal. Glass samples in 
this group possessed a brittle, fragile and weak structure. 

Additional information 
During electrodeposition, interesting growth patterns of metal were 
observed, with the copper forming a ramification of branch-like tendrils. 
This was most evident in Sample Nos. E3 & C3, which contained a high 
ratio of metal-to-glass. This filigree effect yielded a more tenuous and 
delicately patterned tracery in those samples which incorporated the use of 
printers' bronzing powder (Groups E& F). In test pieces where an almost 
complete surface coverage of electrodeposited metal was present, the 
copper could be seen to form around the exterior circumference of the 
fused ballotini glass particles to expose a series of tiny pinholes. (This was 
particularly evident in Sample Nos. C3 & Al). This effect in itself presents 
the potential for decorative/creative exploitation. 

Technique No. 2 
Identification: Sample Nos 44,45 (and 8b) 
Preparation and mode of application 
Metal powder was fused into the surface of sandblasted window glass. A 
resist template was employed to control the application of metal powder to 
a predetermined surface area. Printers' bronzing powder and copper 
powder were used as the metallizing media in Sample Nos. 44 & 45 
respectively. The treated areas of the glass were initially sprayed with a 
fine dispersion of water to hold the metal powder (which was applied 
using a sieve) in position. The prepared samples were fired to a 
temperature of 750°C (1382°F). 
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Film characteristics 
The metallized areas of the samples formed black sooty surfaces which 
were randomly interspersed with bronze coloured particles. The density of 
the metal powders caused the glass to buckle slightly during firing. 

Electrodeposition procedure 
Electrodeposition occurred at a CD of 2.0 A/dm2 (20 Asf), deposition 

progressed slowly. 

Results 
During electrodeposition, Sample No. 44 was aggressively attacked by the 
electroplating solution. This effectively eradicated the metallizing agent, 
and inhibited the spread of electrodeposited of copper in the affected areas. 
Therefore, only a partial surface coverage of metal was obtained. 
Adhesion was fairly weak. By comparison, a far superior surface coverage 
of electrodeposited metal was obtained in Sample No. 45, which also 
exhibited moderately good adhesion. 

Additional information 
Sample No. 8b illustrates a variation of the process used in preparing 
Sample No. 45. This experiment was conducted to explore the creative 
effects and aesthetic potential of applying this metallization technique in a 
freer and more liberal fashion. The electrodeposition procedure is outlined 
in the Accompanying Material adjoining the Display Cabinets. 

Technique No. 3 
This procedure is reported to be a widely renowned approach to 
metallizing glass in preparation for electrodepostion. However, no 
evidence (apart from anecdotal opinion) has been found to substantiate this 
claim. 

Identification: Sample No. 2b 
Preparation and mode of application 
A small section of greaseproof paper was taken and coated with a special 
medium, comprising of a melted amalgamation of finely-ground enamel, 
glass flux, beeswax and turpentine. This was maintained in a semi-liquid 
state, whilst nickel and printers' bronzing powder were liberally sprinkled 
over the surface. The coating was allowed to cool and solidify prior to 
being applied to the glass sample, which had previously been coated with 
an adhesive film of gold size. The test piece was then fired to a 
temperature of 750°C (1382°F). 

Film characteristics 
A black film was formed. There was a bleeding of bronze powder around 
the peripheral edges of the sample. 

Electrodeposition procedure 
Electrodeposition occurred at a CD of 2.0 A/dm2 (20 Asf), it took 
approximately 13/4 hours for the electrodeposited copper to produce the 
surface coverage of metal illustrated in Sample No. 2b. By this time, the 
corrosive nature of the electroplating solution had aggressively attacked 



Burdett, G. 1998 Chapter 6- Procedures [6B] 312 

and eradicated any remaining traces of the metallizing medium. This 
inhibited any further spread of electrodepositioned metal. 

Result 
Only a limited surface coverage of metal was obtained. The copper was 
deposited in a flocculent and bulbous formation, creating an interesting 
aesthetic effect. The deposit appeared to be fairly adherent. 

Technique No. 4 
Identification: Sample No. 151 
Preparation and mode of application 
Application procedures involved using glass blowing techniques to either 
marvering or sprinkling finely divided metal powder directly on to the hot 

malleable surface of the glass. Great care was taken to ensure the metal 
coating was distributed evenly and continuously across the surface of the 
glass. However, it was also evident that interesting aesthetic effects could 
be obtained if the glass bulb was blown out causing the metallized areas to 
segregate and disperse. After annealing and cooling, fine threads of copper 
wire were wrapped around the form to enable a continuous electrical 
connection to be made between the independent and isolated areas, of the 
metallized surface in order to promote successful electrodeposition. 

Film characteristics 
A rough, grainy and tactile surface was produced. This was of a greyish- 
black complexion/hue. 

Electrodeposition procedure 
Despite the high resistance, electrodeposition occurred at a current density 
of 2.0 A/dm2 (20 Asf). 

Result 
Copper was preferentially deposited on the encompassing electrode wire, 
which, possessed a superior level of surface conductivity. This inhibited 
the spread of metal on to the surrounding areas. However, deposition did 
occur. This gave rise to a dense, callous, nodular like growth of copper. 

Section 2: Laminating 
This technique is an extension of the fusing process. Several sheets of 
window glass were taken and consecutively stacked to form a laminated 
block. This was then fired in the kiln. As illustrated in the following 
experiment, metal powders (or foils) can be liberally sprinkled between 
intervening sheets of glass so that, during firing, they become permanently 
fused and trapped. 

Technique No. 5 
Identification: Sample No. 109 
Preparation and mode of application 
Finely pulverized copper was sieved on to the uppermost surface of 
several sheets of window glass. These were stacked on top of one another 
and fused in the kiln at a temperature of 762°C (1404°F). 
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Film characteristics 
On annealing, the glass block was sliced into thin cross-sections. Each 

panel was impregnated with a fine tracery of bronze/black conductive 
media. 

Electrodeposition procedure 
To establish a continuous conductive circuit (across an otherwise 
independent and isolated series of metal veins), it was necessary to apply a 
silver aquadag paint around the perimeter edges of the piece prior to 
initiating electrodeposition at a current density of 2.0 A/dm` (20 Asf). 

Result 
Metal failed to spread evenly across the metallized surfaces of the glass. 
Instead it was preferentially drawn to the high current density areas which 
had already received a film of copper (and were therefore more 
conductive). The electrodeposited film was poorly adherent and easily 
divorced from the substrate surface. This may have been attributable to the 
very fine and tenuous nature of the metallized surface film, which possibly 
failed to provide an adequate mechanical key/bonding site for the 
electrodeposited metal. 

Section 3: Casting 
Elevated temperatures, of between 850-950°C (1562-1742°F), are 
required for casting glass. Within this range glass will lose its original 
identity and become an amorphous and free-flowing medium. In this 
condition glass components will fuse, melt and coalesce enabling them to 
become united as a single homogeneous form. The glass will remain in an 
amorphous condition until "frozen" by a drop in the firing temperature. On 
annealing, it will cool and return to a solid crystalline state. 

The following experiments will exemplify some of the methods which 
can be used to incorporate metal powders into glass during the casting 
process. It should be noted that the natural gravitational flow of glass, 
which occurs during the casting of 3D forms, makes it virtually impossible 
to limit the application of metal powders to specific/predetermined areas. 
The precise control and location of metal powders is only feasible where 
the process is used for casting flat 2D forms. 

Technique No. 6 
The following technique centres around a casting procedure which instils 
conductive properties throughout the entire body of the glass. This was 
pursued with the intention of engendering continuous conductivity and 
permanent adhesion during subsequent electrodeposition. 

Identification: Sample No. 6 
Preparation and mode of application 
The "lost wax casting process". During modelling, pulverized metal 
(Scropas brass powder) was adherently compressed into the surface of the 
finished wax model. This was transferred initially to the interior surface of 
the plaster mould, and then to the exterior/uppermost surface of the glass 
during the casting process. Test Sample No. 6 was prepared in this 
manner, and cast to a temperature of 912°C (1674°F) using lead cullet. 
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Film characteristics 
Metal was successfully cast into the surface of the glass, engendering the 

electrical conductivity essential to initiating electrodeposition. However, 
during the casting process the metal leached out, causing a blue 
discoloration which permeated throughout the entire body of the glass. 
Since no effective strategy can be advocated to control or alleviate this 
effect, this represents a technical limitation must be taken into 

consideration by A/C wishing to exploit the process. 

Electrodeposition procedure 
Sample No. 6 was electrodeposited at a current density of 2.0 A/dm2 (20 
Asf) for a one-hour duration. This produced a total surface coverage of 1- 
2cm2 (0.155 - 0.31 sq") of deposited copper. After inspection, the piece 
was subsequently returned to the plating bath, and electrodeposition was 
allowed to continue for a further 20 hours. 

Result 
This metallization procedure produced a dense, coherent film of 
electrodeposited copper, which proved to be tenaciously adherent. 
However, the overall coverage was poor, indicating limited surface 
conductivity. Copper deposition did not spread readily across the surface 
of the glass, but instead became concentrated on established sites, where it 

aggregated to form nodular like swellings. Naturally this characteristic is a 
disadvantage where perfectly smooth and uniform films of metal are 
required. 

Technique No. 7 
When casting two-dimensional forms, the application of metal can be 
successfully restricted to selected areas of the glass so that they can 
undergo electrodeposition in a predetermined and controlled manner. By 
alleviating the problems of discoloration associated with Technique No. 6, 
this procedure also offers the A/C greater flexibility. 

Identification: Sample Nos. 92 and 93 (with reference to Sample No. 95) 
Preparation and mode of application 
Plaster and investrite moulds were prepared. These were either embossed 
with texture/relief (as in Sample No. 93), or carved/engraved to form 
recessed patterns and intaglio designs (as in Sample No. 92). A fine brush 
was then used to channel loose Scropas bronze filler into the depressed 
cavities and recessed areas of the plaster moulds. Once positioned, the 
metal was overlaid with a layer of finely crushed/powdered lead glass. The 
moulds were fired to a casting temperature of 734°C (1353°F). 

Film characteristics 
Translucent, wafer-thin glass templates were formed. These possessed 
clearly defined conductive pathways, which were slightly raised, and of a 
charcoal-grey appearance. 

Electrodeposition procedure 
To overcome the high electrical resistance recorded in the previous 
experiment, and to optimize the success of the process, five electrodes 
wires were strategically positioned across the surface of Sample No. 92 
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before introducing it to the electroplating solution. Deposition occurred at 

a current density of 2.0 A/dm2 (20 Asf). After one hour, plating was 
interrupted and the piece was inspected. At this point the electrodeposited 

metal covered approximately one eighth of the metallized surface area. To 

encourage the deposit to spread, several of the electrodes were 
repositioned, before the test piece was acid-dipped and returned to the 

electroplating bath. Plating was allowed to continue indefinitely to assess 
how much time would be required to allow the electrodeposited metal to 

spread across the entire surface of the metallized glass. This took over 24- 

hours. Throughout the process electrodeposited copper was noticeably 
drawn to the high current density areas - the peripheral/exterior edges of 
the glass. 

Results 
This technique proved to be a practical and financially viable method of 
producing an electrically conductive circuit on a two dimensional glass 
form. However, the spread and surface coverage of metal during the 
deposition process was poor. This proved to be extremely slow and time- 
consuming. Adhesion was good. 

Additional information 
Test Sample No. 95, exhibited in the accompanying Display Cabinets was 
prepared using the same basic procedure. However, the incisions in the 
mould were filled with an amalgamation of Scropas bronze powder and 
silver electrodag paint. It was hoped that this would provide a more highly 
conductive surface. This was overlaid with base mixture A2 (described in 
Technique No. 1), and fused in the kiln to a temperature of 900°C 
(1652°F), prior to undergoing electrodeposition. The surface coverage of 
electrodeposited copper was slow, but slightly superior to that exhibited in 
Sample No. 92. The piece displayed interesting decorative surface 
qualities. 

9.5 Recommendation/assessment 
The above techniques illustrate the flexibility and creativity with which 
metal powders can be applied to the glass to render it capable of promoting 
successful electrodeposition. In summary, it should be emphasized that 
these metallization techniques do not provide an exceptionally good level 
of surface conductivity. This inhibits the rapid surface coverage of metal 
during subsequent electrodeposition and renders the process slow and 
inappropriate to commercial exploitation. Furthermore, firing the glass is 

an essential pre-requisite to each of these techniques, which necessitates 
ready access to a kiln/furnace. Firing temperatures may prove to be a 
restriction where low-temperature glasses or thin glass are used as these 
will be susceptible to slumping and heat distortion. However, on the plus 
side, these techniques can be used to engender some interesting decorative 
effects, and are extremely valuable from an experimental point of view. In 
particular, these metallization techniques (with a few exceptions) have the 
advantage of producing moderate/strongly adherent films of metal during 
subsequent electrodeposition. 
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Section 10: Conductive Adhesives Rating: ** 

10.1 Introduction 
Conductive adhesives constitute a very versatile and characteristically 
unique form of metallization. Compared to other techniques, they have the 
advantage of serving two functions. In addition to the primary 
consideration of rendering the glass electrically conductive, the following 

products also perform the role of providing an effective bonding medium. 

10.2 The composition and nature of conductive adhesives 
Although conductive adhesives are diverse in nature, they can be 

categorized into three basic types. It is evident from the following 

explanation, that each of these is ideally suited to performing a different 

task. These may be summarized as follows: 
(i. ) Conductive cements 

(ii. ) Conductive glues 
(iii. ) Conductive tapes. 

10.3 Metallization: Practical procedures for applying conductive 
adhesives (with reference to research procedures and test results) 

Preparing and cleansing the substrate surface 
A meticulous cleaning regime is essential as residual surface grease will 
interfere with the bonding properties of the conductive adhesive. Surface 
roughening procedures also have the advantage of providing a good 
mechanical bonding site. 

Principal modes of application 

Technique No. 1: Conductive cements 
Historical references indicate that fusible, conductive cements were used 
as a vehicle for joining and assembling glass components in the production 
of mosaic glass panels. The process of electrodeposition which followed 
was used to reinforce and strengthen the glass panel, and decoratively 
embellish the final artefact. 

Records relating to the practical application of this procedure appear 
to be limited to the early 1900s when W. Storr and L. Stein, prominent 
entrepreneurs of the process, formally registered the technique in a series 
of patent specifications (1902 - British Pat. Nos. 12,017-1901 & 14,727). 
They advocated using a conductive cement comprising of an 
amalgamation of flux, chalk, metal oxide, soluble glass, powdered 
precious metal and potassium silicate, ingredients which were uniformly 
integrated and compressed to form a homogenous paste. This fusible 
grouting cement was inserted into gaps exposed between intervening 
elements of the mosaic. Once assembled this was fired in the kiln to unite 
the fragile components into a single framework. On cooling, the artefact 
was transferred to the electroplating bath, where a fine interwoven veining 
of silver or copper could be deposited on to the conductive cement. This 
precious metal framework permanently encapsulated and united the glass 
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components, and provided the completed mosaic with structural support 
and rigidity. 

Over recent years the practice of using conductive cements has fallen 
into neglect. However, if revived, the principles behind this process offer 
enormous potential for both creative and technical exploitation by the A/C 
today. 

Technique No. 2: Conductive adhesives/glues 
Although references to conductive adhesives are cited in literature, they 
are relatively obscure and difficult to trace or substantiate. They are 
reputed to comprise of an epoxy resin or thermoplastic cement loaded with 
metal. Since they contain a fairly high percentage of metal (to overcome 
the natural insulating properties of the adhesive compound) and are 
commonly based upon silver or precious metal, they tend to be expensive 
and uneconomical for practical exploitation. However, empirical research 
has revealed that with ingenuity the A/C can improvize and formulate 
substitute conductive adhesives which can be used to join components 
through the electrodeposition process. 

Within the context of this research, practical and empirical 
experimentation focused around the employment of a conductive adhesive 
which was formulated from a flexible silicone sealant coated with a fine 
dispersion of metal powder. This technique proved to be a practical and 
financially expedient method of rendering the glass electrically conductive 
for the purpose of subsequent electrodeposition. Reference should be made 
to Sample No. 152, which is exhibited in the accompanying Display 
Cabinets. The viscosity and consistency of the sealant made it difficult to 
apply as a thin discrete film, however this proved to be an advantage in 
fabricating textural qualities which could be incorporated into the gelling 
sealant prior to sprinkling the surface with an application of metal powder. 
The conductive adhesive was left to cure prior to undergoing successful 
electrodeposition. 

Technique No. 3: Conductive tapes 
Electrically conductive tapes are now widely exploited in the electronics 
industry (3M Electrical Industries produce a range of Scotch electrical 
tapes, which were employed for the purpose of this research). Comprising 
a pure sheen of copper, these self-adhesive tapes can simply be pressure- 
applied to the surface of the glass (which to afford good adhesion should 
be lightly sandblasted/abraded). Since these tapes are strongly durable, 
solvent resistant, and specifically designed for electrical purposes they are 
highly conductive, and provide an ideal surface for subsequent 
electrodeposition. Although the adhesion will only ever match the degree 
of bonding already established at the glass-to-tape interface this can be 
aided and abetted by employing the principle of encapsulation. 
Alternatively a strong glue/adhesive can be interjected between the 
conductive tape and glass to further promote the bonding properties and 
produce a more tenaciously adherent electrodeposited film. Reference 
should be made to Sample No. 88 which is exhibited in the accompanying 
Display Cabinets. Conductive copper tape was adherently applied to the 
sandblasted surface of the glass, initially discretely to form a smooth film, 
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and subsequently in a concertina manner, to engender a tactile/textured 
surface quality. These physical characteristics were found to be accurately 
reflected and exaggerated during subsequent electrodeposition which 
preceded at a current density of 2.0 A/dm2 (20 Asf). This procedure was 
practical and effective, producing a good surface coverage of 
electrodeposited copper. However, the metal was only moderately 
adherent. 

IFY 
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Section 11: Miscellaneous Metallization Techniques 

11.1 Introduction 
The following section draws attention to a selection of unorthodox 
metallization techniques. These typically fall into one of two categories. 
They are either unconventional, and therefore of relatively 
seldom/infrequent use, or they constitute disparate methods of forming 

conductive metal films on glass, which, at least in theory, illustrate the 

potential to be employed as metallization techniques for electrodepositing 
metals on to glass. These techniques have not undergone practical analysis 
or evaluation. They have been included merely as a source of reference for 
A/C wishing to pursue further research and experimentation. 

11.2 Metallization: Practical procedures for applying miscellaneous 
metallizing media 

Technique No. 1: Sprayed metal coatings 
In 1910, Schoop discovered that at high temperatures molten hot metals 
undergo pyrolysis to form a liquid dispersion. Under the pressure and 
velocity of compressed air, this can be atomized and sprayed on to the 
surface of pre-heated glass to form a metal-oxide film. 

The technique is now used to form solderable surfaces, highly 
reflective films, and more significantly, electrical conductors - heating 
elements on glass. 

However, since this metallization procedure furnishes the glass with 
an adherent metal film, it may actually undermine the need for subsequent 
electrodeposition. 

Technique No. 2: Contact plating 
In principle, "contact plating" involves immersing the substrate in a 
solution of metallic salts. A more electropositive powdered metal is then 
sprinkled over the surface of the glass as a catalyst to induce the chemical 
reduction of a metallic surface film. References substantiating the 
exploitation of this metallization procedure as a precursory stage to 
electrodepositing metals onto glass date back to the 1900s. The most 
common example of contact plating is often cited as the "oxidizing" of 
graphited surfaces (Knight 1858-U. S. A. Pat. No. 20,353). However, this 
process is rarely advocated for use today because it produces low adhesion 
metal deposits which are of limited practical application. 

Technique No. 3: Integrated metal components 
Metal components and meshes can be permanently integrated into glass 
substrates to engender conductive properties. The following resume will 
highlight and illustrate some of the techniques which can be employed by 
the A/C practitioner. 

Hot, malleable, glass can easily be manipulated, and blown, sandcast, 
(Sample Nos. 110a and 110b) centrifuged, or pressed (Sample Nos. 113 
and 134) into a rigid metal structure. This process can be carried out, so 
that metal structure becomes embedded and united with the glass, whilst 
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remaining partially exposed on its exterior surface. Provided the metal is 

subsequently etched and cleansed to remove surface oxidation, it will form 

a strongly adherent and conductive surface, which can either be 

electroplated, or used as a support structure for the attachment and 
fabrication of electroformed components. 

Alternatively, using a kiln, copper shim can be fused and integrated 

with glass (Sample No. 135). It is also possible to laminate copper shim 
between sheets of window glass. Reference should be made to Sample No. 

106 exhibited in the accompanying Display Cabinets. On annealing, cross- 
sections of the block can be taken to expose the underlying metal structure 
prior to initiating electrodeposition. Any metal will be attracted to the 
linear metal ribbons, whilst being resisted by the insulating properties of 
the intervening glass strips, so in effect, metal deposition will be both 

selective and predetermined. This principle is also evident in Sample Nos. 
125 and 126 where a copper wire mesh has been used to achieve a similar 
effect. 

Technique No. 4: Ceramic ware steeped in metal oxides 
Comparable techniques evolved for impregnating metal powders into 

porous clay/ceramic bodies. Typically, biscuit-fired ceramic ware was 
wholly or partially immersed and steeped in a solution of rich metallic 
salts. These were subsequently fired into the surface of the clay. A patent 
specification from 1912 (British Pat. No. 8498) suggests that a metal 
solution containing 5% of either gold, silver, platinum or copper was most 
appropriate for the purpose of instilling electrical conductivity. 

Through practical research and experimentation this principle was 
transferred and applied to testing samples of glass. The method adopted 
involved pipetting drops of copper sulphate solution on to the surface of 
prepared samples of lead ballotini. Once saturated, the glass was kiln-fired 
to a fusing temperature of 980°C (1796°F) prior to attempting to initiate 

electrodeposition from an acid copper sulphate solution. The resulting 
tests, Sample Nos. 111 and 112, are exhibited in the accompanying 
Display Cabinets. 

Another popular method of metallizing ceramic ware involved 
kneading pulverized metal (either in the form of an oxide or hydroxide) 
into the soft malleable body of porcelain prior to moulding and firing. 
Both of the procedures outlined above were advocated for engendering 
conductive properties in clay/porcelainware as a pre-requisite to initiating 
electrodeposition. These metallization techniques were non-selective in 
their mode of application, although masking/resist media could be used to 
alleviate this and enable electrodeposited metal to be restricted to specific 
areas. 
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Conclusion 

In order to understand the following conclusions, reference should be 

made to Table 6/5, where the results obtained from testing various 
metallizing media are disclosed and reviewed in greater detail. This 

analyses and compares the specific attributes and limitations of various 
metallizing media, and highlights their suitability to practical exploitation 
by the A/C wishing to electrodeposit metals on to glass within the 
operating parameters of a studio environment. 

Through this research it has become evident that the chemistry of the 
glass plays no direct role in promoting the electrodeposition process, 
which is facilitated entirely through the presence of a superimposed 
conductive film known as a metallizing medium. Empirical 
experimentation conducted using a wide range of metallizing media has 

revealed that "true adhesion", defined as an independent and tenacious 
bonding between the metal and glass, is difficult to achieve. In practice, 
genuine adhesion can only be obtained by impregnating metal powder into 
the body of the glass through the casting process (Section 9, technique No. 
6). Though feasible, the technical limitations of this rather idiosyncratic 

and peculiar metallizing technique largely invalidate it as a universally 
applicable means of rendering glass electrically conductive. Aside from 
this isolated experiment, research has concluded that the process of 
electrodepositing metals on to glass relies emphatically upon the principle 
of encapsulation to mechanically bond the metal to the glass. This means 
that the electrodeposited metal must enclose as an integral cage/framework 
around the glass, so that if the bond becomes detached, the metal remains 
held in position by its own embracing structure. (This phenomena is 
discussed and illustrated in Chapter 6D). This technique has been adopted 
as an alternative to true/genuine adhesion. 

Through empirical and practical experimentation it has been possible 
to identify a series of "preferred" metallization procedures which, when 
employed in conjunction with the principle of encapsulation, are capable 
of producing deposits with a moderate to good degree of adhesion. Listed 
in descending order of superiority, these may be delineated as follows: 
silver electrodags; copper pastes; precious metal lustres and metal leaf. In 
contrast electrodeposited films of negligible adhesion were formed from 
using chemical reduction/mirroring techniques, whilst vacuum-formed and 
cathode sputtered films gave rise to extremely weak deposits. In 
conclusion it is therefore imperative that the A/C understands the principle 
of encapsulation and considers its implications in designing glass artefacts 
for the electrodeposition process. The successful electrodeposition of 
metals on to glass relies emphatically upon this central principle, in 
conjunction with surface roughening and meticulous cleansing procedures, 
to engender the adhesion required to yield deposits which are practical and 
serviceable within their intended application. 

The metallizing media tested were found to engender varying levels of 
surface conductivity. Those which were superior in conducting electricity 
promoted the formation of a very rapid and uniform surface coverage of 
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metal during subsequent electrodeposition, which in turn enabled a very 
coherent and continuous film of metal to be formed. Listed in descending 

order of their performance in terms of conductivity and deposition 
efficiency, these may be delineated as follows: silver aquadags; metal leaf; 

metal lustres; chemically reduced mirrored films; copper pastes and 
vacuum-formed films. Whilst the cathode sputtered films exhibited 
conductive properties, they were extremely sensitive and delicate. This 

rendered them unsuitable for practical application because the metal films 

produced during subsequent electrodeposition were very weak and 
incoherent. Significantly, inferior levels of surface conductivity were 
engendered using alternative metallizing procedures, particularly where 
finely pulverized metal powder was incorporated into the surface/body of 
the glass using laminating, casting and fusing techniques. The surface 
coverage of metal which emerged during subsequent electrodeposition was 
very intermittent and poor. 

However, it is possible to successfully initiate and promote the spread 
of electrodeposited metal across metallized surfaces which show a high 
electrical resistance (voltage) to the process. This can be achieved by using 
(i) a greater number of electrodes, (ii) a significantly higher current 
density, and (iii) an extended plating period. It is worth noting that the 
nodular/tree-like growths of metal, which are especially prevalent on 
deposits grown on less conductive media, can often be exploited to 
produce particularly interesting decorative/creative effects. The deposits 
derived from using these metallizing media may be regarded as a fault or a 
fashion, depending upon the aesthetic preferences and aspirations of the 
A/C practitioner. 

Of the metallization procedures tested, analysed and evaluated, those 
which fulfilled the criteria of being most directly accessible and practical 
to creative exploitation by the A/C operating within the technical and 
financial limitations of a small-scale studio environment were the silver 
electrodag paints and copper pastes. Both of these media were found to be 
highly flexible, and because they were capable of transcending the remits 
of most electroplating scenarios, proved to be most appropriate to 
universal application. This recommendation is qualified through the 
research evidence which highlights their distinguishing attributes and 
characteristics. Fundamentally, they are modestly priced, simple and 
practical to use, and do not rely upon expensive or sophisticated 
equipment for their effective application. They can be applied uniformly 
and selectively to a broad range of glass substrates (with inherently 
different characteristics) to form a highly conductive film which is capable 
of promoting a good, coherent and continuous surface coverage of metal 
during subsequent electrodeposition. Above all, these metallizing media 
guarantee predictable and reliable results. 

" As detailed in the main text, and clearly illustrated in Table 6/5, each 
metallizing medium has attributes and distinguishing features, which make 
it appropriate to a specific/predetermined set of circumstances. The 
practitioner must use initiative and discretion to select metallizing 
techniques which, by virtue of their merits, have the greatest potential for 
either meeting the criteria of a given challenge, or performing a specific 
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Table 6/5. Research Results: Levels of Surface Conductivity and Adhesion obtained from using different Metallizing Media in Electrodepositing Metals onto Glass 
Sample No. Conductivity 

Surface Coverage in 1 hour at 
Metallizing Agent Method of Application 2.0Adm2 Asf)l Adhesion Comments Final 

0-50% 50-75% 75-1001 Weak Moderate Good Rating 
Poor Fair Good 

" " Impracticable. Not recommended for electrodepositing metals onto glass (but - Collodial Graphite_ Brushed/Burnished highly recommended for electroforming wax mandrels. 
48,49,131 " " Cold Process. Practical, reliable, cheap and simple to use. Ideally suited to is 

Copper Lacquer/Paste Brushed metallizing large surface areas 
Gold/Silver Lustre 90,91 Brushed " " Kiln firing essential. .+ 

113,114,136,137 Hot/Blown " " Metal leaf has a tendency to disintegrate on application, hindering surface 
conductivity. 

Gold/Silver leaf 127,150 Hot/Kiln Cast " " Poor results. Not recommended for use. - 
107,108 Cold Application " " Adhesion varies depending upon the bonding medium employed. ** 

-- - 123,124,128,129 
Silver Electrodag paint 

Brushed/Dipped/ " " Highly recommended. Very simple and practical to use. Low temperature 
Sprayed firing/stoving of electrodags prior to use improves film adhesion and surface 

conductivity. 
Chemically 72a, 72b Silver " " Impractical. The process is expensive to set up and difficult maintain. As 
Reduced/ 73,74,85,86 " " an alternative professionally mirrored float glass may be purchased from 

error elms Copper 
______ commercial company. 

94 " " Inaccessible. Requires highly sophisticated and expensive equipment. Not F 
Copper Vapour Vacuum Formed 

-- -- , real) Practical. 
31-38 " " The metallizing film is extremely delicate and highly sensitive. Recurrent peeling F 

Pilkingtons Suncool Glass Cathode Sputtered and exfoliation occurs as a result of poor surface adhesion. 
Metal Powders 105 

Scropas Bronze Fused: " " With one exception (Printers Bronze powder) these exhibit good/excellent 
Copper Integrated into the body of " " adhesion. But their application is restricted: 
Printers Bronze soda ballotini glass - " 1. To fused/cast glass processes. 
Scropas Bronze Fused: " " 2. By aesthetic consideration. A blue colour/stain is embodied in the glass as a 
Copper Integrated into the body of " " result of this procedure. 
Printers Bronze lead ballotini glass " " F 
Copper eb, 45 Fused: " " The kiln firing procedure may cause distortion/buckling in thin glass. 
Printers Bronze 44 Sprinkled onto the surface " " The metallized film may be etched/stripped by the corrosive nature of the 
Printers Bronze + Nickel 2b of window glass " " electroplating solution, inhibiting successful deposition. 

151 

- 

" " High electrical resistance produces nodular/callous like growths of Scropas Bronze Fused: Hot/Blown electrode posited copper . Copper 109 Laminated " " Poor surface coverage of electrodeposited metal. 

Scropas Brass 
6 Cast: 3D Forms Lost Wax " " Slow, labour intensive process. The high electrical resistance produces a Process nodular yet tenaciousl adherent de osit Leachin a ent in f th lli , y p . g g go e meta z Scropas Bronze 92,93 Cast: 2D Form " " causes a blue discoloration in the glass. 

Conductive Adhesives 152 Spatula Application " " Adhesion varies depending upon the cohesive properties of the bonding medium. 813 
Electrical Copper Tape 

Applied physical/manual " " Adhesion varies depending upon the bonding properties and the strength of the 
pressure ta e 110 133 134 p . , , Hot shop: " " Miscellaneous Metal SandcastlPressed/Blown ** 

Components/Elements 
or Centrifuged Accessible and flexible procedure Application to a wide range Kiln Formed: " " 

. 
of glass forming processes. Fused/Laminated t' 

111 112 , Metal Salts 
Steeped, fired and fused " " Produces a blue/grey discoloration in the glass. Surface areas are rendered 

(Copper Sulphate) 
into the surface of lead conductive in a random/haphazard fashion 

F 
ballotini glass 

Key: "' Highly Recommended ** Recommended ` Satisfactory F Feasible - Not Suitable 

This table shows the 
advantages and disadvantages 
of using different metallizing 
agents to aid conductivity and 
promote bonding properties 
between the metal and glass 
during the electrodeposihng 
process. 

Good adhesion may be 
promoted by conditioning the 
glass surface prior to the 
application of the metallizing 
agent. This can be engendered 
through either mechanical (e. g. 
sandblasting) or chemical (acid 
etching) preparation, and 
should be followed by 
meticulous cleansing 
procedures to remove inhibiting 
soils and greases. This will 
provide the readily 'wettable 
surface' which is essential to 
achieving good adhesion. 

All of the metallization 
techniques for electrodepositing 
metals onto glass rely 
emphatically upon the principle 
of encapsulation to promote 
good bonding properties. In 
accordance with this, the above 
test results illustrate that the 
most successful levels of 

where colloidal silver 
electrodags were used, or 
where metal powders/ 
components were fused or cast 
into the surface of the glass. 

were obtained from using 

metal lustres and conductive 

Note: This table highlights three 
categories of surface adhesion, 
denoting deposits which were: 

weak: displaying obvious 
signs of peeling, 
blistering and 
exfoliation. 

moderate: adherent, but could 
be stripped off 
from the surface of 
the glass under 
applied physical 
pressure. 

good: strongly adherent 
(but still relied on 
encapsulation to 
produce a 
tenaciously 
adherent bond. 

The final rating is based upon 
an overall assessment of the 
suitability of each individual 
metallizing medium to a wide 
range of different glass 
substrates (e. g. cast/blown 
glass), to their ease of 
application and financial and 
practical feasibility for NC 
working specifically within the 
limitations of a small scale 
studio environment. 
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task. This decision will be aided and abetted if the A/C can clearly define 
his main objective(s). Metallizing media should be chosen to match a 
given premise. Naturally this will vary depending upon whether greatest 
precedence is attached to a single goal (for example, obtaining a strongly 
adherent deposit; perpetuating a particular aesthetic effect/finish; 
producing a very fine uniform film of metal; fabricating a non-adherent 
electroform), or to addressing some kind of compromise. It must be 
remembered that the metallizing vehicle selected will play a decisive role 
in determining the nature and physical characteristics of the resulting 
deposit. Fundamentally, the metallizing media must be capable of efficient 
exploitation within the financial and practical limitations dictated by the 
A/C individual circumstances. 
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Chapter 6C 

Initiating Deposition 

This chapter sets out fundamental guidelines and recommendations for the 
successful electrodeposition of metal on to glass. (A basic repertoire of 
workshop practices is presented in Section 1 of this chapter which, it is 
hoped, will familiarize the A/C with the process. ) This will advocate 
suitable procedures for introducing the artefact to the electroplating 
solution, provide useful tips for promoting and sustaining deposition, and 
outline procedures for extracting the artefact from the electroplating 
solution on completing the process. Recommendations will also be made 
regarding methods of recording and documenting the plating process - 
Section 2. Later in Section 3 this information will be summarized to take 
the form of a quick reference guide (to introducing and removing artefacts 
from electroplating solutions). This concise, simplified version of the 
process is recommended for direct practical exploitation by the A/C. At 
the end of the chapter in Section 4, a series of tables are presented. These 
explore and identify some of the common electrodeposition problems 
which are likely to be encountered by the A/C. This will suggest possible 
causes, and provide advice on alleviating, correcting and resolving 
potential problems. 

Section 1: Preliminary Considerations/Preparation 

Before attempting to electroplate an artefact the A/C must ensure that: 

o The electroplating solution is in a good condition (clean and in a 
high state of purity). This will require regular analysis and 
maintenance. Successful results will only be achieved if the correct 
operating parameters are used. Immediately before deposition is 
initiated, a thermometer should be used to check the solution is 
within the correct temperature range. 

o The electroplating equipment is complete and fully operational. All 
electrical contacts, including anode hooks and busbars, must be 
securely attached and clean. The formation of oxide films and dirt 
causes insulation, which prevents and hinders electrical 
conductivity, and hence metal deposition. Dull brown oxidation 
films should be removed before deposition by rubbing down 
affected areas with damp, ̀ wet, and dry' paper. This will ensure 
good electrical connections are made. 

o Consideration is given to planning the best possible approach to 
electrodepositing a specific artefact prior to introducing it to the 
solution. This will include decisions regarding the correct 
relationship of the anodes to the cathodes, and possible strategies 
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for manoeuvring and rotating the artefact during the 
electrodeposition process (see Chapter 4E). 

Selecting an electroplating solution for initiating the electrodeposition 
of metal on to glass 
This subject has already been discussed in Chapter 4C (Electroplating 
Solutions). However, this consideration is sufficiently important to render 
it worthy of reiteration. Not all electroplating solutions are suitable for 
initiating the successful electrodeposition of metal on to sensitized glass 
surfaces. Superior results will be obtained from using either an acid copper 
sulphate solution or a nickel sulphamate solution. 

Cyanide-based solutions are not recommended for the direct 
electrodeposition of a freshly metallized glass substrate. Whilst this is 
feasible, two fundamental drawbacks exist which render this approach 
inappropriate. Firstly, when the artefact is introduced to the electroplating 
solution, even under an applied electrical current, the highly corrosive 
nature of the cyanide will chemically attack, erode, and dissolve the 
metallizing agent before deposition can be activated. By compromising the 
electrical conductivity of the film, this will inhibit efficient deposition, 
undermine the strength of the metal-to-glass bond, and cause solution 
contamination. Secondly, cyanide solutions naturally deposit metal in a 
high state of internal stress, this adversely affects the strength of the 
resulting glass-to-metal bond and gives rise to poorly adherent and weak 
deposits. (Refer to Chapter 6D). Therefore in order to promote good 
adhesion and avoid disrupting the conductive film, it is recommended that 
electrodeposition is initiated using either a dull nickel solution or a copper 
sulphate solution. In particular the latter option is advocated for use 
because it offers greater versatility, flexibility, and ease of operation for 
the A/C. 

Introducing the artefact to the electroplating solution 
Throughout the following text, reference is made to specific amperages 
and voltages. These are quoted to illustrate general principles or points of 
interest and relate specifically and exclusively to the electrodeposition of 
metal from an acid copper sulphate solution. Readings will therefore vary 
where other electroplating solutions are used. 

It is essential that the artefact is introduced to the solution ̀ live'. 
Therefore, before immersing the article in the plating solution, the 
electrical current must be switched on. A reading of 0.5-1.0 volts is usually 
sufficient. (At this point a reading of `0' will be registered on the 
ammeter). This establishes a resistance in the circuit showing that an 
electrical current is flowing. Deposition will therefore be initiated 
spontaneously as soon as the artefact is introduced to the solution. Next, 
attach the loose end of the electrode wires to a clean area of the cathodic 
busbar. Any supporting wires should be tightly wrapped around an 
insulated section of the busbar. Slowly lower the suspended artefact into 
the solution and position it approximately 5 cm (2 inches) below the 
surface of the electroplating solution. The electrical circuit is now 
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complete, and electrodeposition will be initiated. This sequence of events 
is crucial. Failure to apply an electrical resistance to the cathode before 

submerging the artefact in the electroplating solution will: 

jeopardize the conductive properties of the metallizing agent, which 
will be dissolved and attacked by the corrosive nature of the 
electroplating solution; 

o give rise to a weak immersion deposit, which will have a 
detrimental effect upon the chances of achieving a tenaciously 
adherent glass to metal bond. 

Throughout the electrodeposition process, it is essential to avoid any direct 
contact between the positively charged anode and negatively charged 
cathode. Therefore particular care must be taken when, introducing and 
removing artefacts from the solution, or repositioning/rotating the cathode 
during the electrodeposition process. Direct electrical contact between 
these electrodes will inadvertently short-circuit the system, damage the 
equipment, and rendering the process incapable of operation. The 
relatively low currents of electricity used by the A/C in a studio 
environment are not likely to pose any real hazard of electrical shock. 
However, this could have the potential to be extremely dangerous in an 
industrial electroplating scenario where considerably higher currents are 
employed. Care must therefore be exercised at all times. 

As the artefact is introduced to the electroplating solution, the voltage 
will drop to 0.1-0.2 volts and within a few minutes, the amperage will rise 
to 0.1-0.2 amps. This is a positive indication that deposition is now being 
initiated. In transparent electroplating solutions it may be possible to see 
the electrodeposited metal, visually spread across the surface of the object. 
This is the most critical stage of the process. It usually takes between 5 and 
25 minutes to cover the entire surface of the form with a thin film of metal. 
This will be significantly more conductive than the underlying metallizing 
agent, and (once formed), will promote further deposition, causing the 
amperage to spontaneously rise to 0.3-0.4 amps. Thereafter the current 
density (amps) can be slowly increased in small increments. After 30 
minutes or so, the copper film should have the strength required to carry 
the desired current and rapidly to build up a thicker deposit of metal. 

Operating parameters conducive to promoting initial metal deposition 

The current density 
The above procedure is merely a guideline. No precise pattern can be 
advocated for increasing the current as this will vary in accordance with 
the current density range of the electroplating solution (e. g. copper 
sulphate solutions operate within a range of 0.5-7.0 A/dm2 (5-70 Asf), as 
opposed to silver cyanide solutions, which operate within a range of 1.0- 
1.6 A/dm2 (10-15 Asf)), and the surface area of the artefact being 
electrodeposited. The application of a very low current density in 
electrodepositing metallized glass is essential during initial deposition. 
This is because the conductive film is very delicate and only possesses a 
limited capacity to carry current. The application of an excessively high 
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current density in the early stages of the deposition process is likely to 
disrupt the metallizing medium, which may be burnt away and eradicated 
from the substrate surface. If the conductive film becomes partially eroded 
or destroyed in this manner, metal deposition will either become inhibited, 

resulting in an incoherent, patchy deposit, or cease altogether. Any 

surviving deposits will be poorly adherent, and are likely to exfoliate and 
peel away from the substrate surface. The use of excessively high current 
densities on strongly established, resilient, deposits will cause the metal 
formed to take on dark spongy, rough or nodular appearance. The resulting 
effect may be regarded as a fault or fashion depending upon the aesthetic 
desires of the individual A/C. 

Agitation 
During the early stages of electrodeposition, the metallized surface film is 

extremely delicate, and highly susceptible to damage. Whilst it is an 
advantage to bring a fresh supply of metal-rich solution into direct contact 
with the artefact to promote a good rapid surface coverage of 
electrodcposited metal, any excessive movement is likely to have a 
detrimental effect. Mechanical agitation, or vigorous aeration, should be 

avoided as this may impair the metallizing agent, causing it to either 
dissolve or flake away from the substrate surface, and float as a residue on 
the surface of the solution. A good compromise is to introduce mild 
aeration in close but not direct proximity to the artefact. After the initial 

plating period has taken place, and a continuous film of encompassing 
metal has been deposited (15.30 minutes), this can slowly be increased, to 
promote deposition and enable the metal to be electrodeposited more 
rapidly at higher current densities. 

Recognizing the early signs of deposition failure 
Several scenarios arise which indicate partial or complete deposition 
failure. The voltage reading registered during the initial stages of the 
process can function as a particularly effective means of drawing the 
attention to a potential defect or problem. However this will vary 
significantly depending upon the electrical conductivity of the substrate 
surface or metallizing media used. It should be pointed out that where less 
conductive metallizers are employed, considerable patience will be 
required as the deposition process may take longer to be initiated. This 
should be taken into account before declaring an experiment null and void. 

A persistently high voltage is the first indication that there is a 
problem with the deposition process. If after the initial 15 to 30 minutes a 
high voltage is registered alongside a ̀ 0' amperage reading, it is a strong 
indication that deposition has failed. The primary factors which may have 
contributed towards this situation are referred to in Table 6/6 at the end of 
this chapter. Here various explanations, guidelines, and recommendations 
are offered to assist the A/C in identifying and resolving the problem so 
that successful deposition can be initiated. 
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Recommendations for promoting and sustaining successful deposition 
In order to promote a strongly adherent, good quality deposit when 
electrodepositing glass it is essential, to use a very low current density not 
just initially, but throughout the entire plating process. Longer plating 
periods will therefore be necessary to build up the predetermined thickness 
of metal. This will be an advantage in eliminating highly stressed, weal:, 
and poorly adherent deposits, which occur as a result of rapid deposition 
at higher current densities. For example, copper sulphate solutions 
typically operate within a current density range of 0.5-7.0 A/dm2 (5-70 
Asf). However, for the practical purpose of electrodeposit glass substrates, 
a maximum current density of 2.0 A/dm2 (20 Asf) is advocated for use. 
Superior results will be obtained from electrodepositing glass at 0.5 A/dm2 
(5 Asf) over an extended period of time. This CD is recommended for A/C 
wishing to optimise the chances of achieving an adherent and uniform 
distribution of metal. 

Once the desired current density has been reached, it should be 
maintained (without interruption) until a sufficient thickness of metal has 
been electrodeposited. Where possible, it is advisable to avoid extracting 
the artefact from the solution during the electrodeposition process. If 
visual inspection is necessary, this should be conducted by lifting a small 
selected area of the cathode above the level of the electroplating solution. 
This will prevent the amperage from dropping, and avoid interrupting the 
plating cycle. This is particularly important in nickel plating where the 
exposed metal spontaneously oxidizes in the air hindering subsequent 
electrodeposition, and causing any deposit formed (as a result of re- 
introducing the artefact to the solution) to become laminated and poorly 
adherent. Once a complete envelope of electrodeposited metal has 
encapsulated the glass artefact, mechanical reciprocation and air agitation 
can gradually be increased to direct a fresh supply of the solution on to the 
cathode surface and promote further metal deposition. As the deposition 
process proceeds, the cathode should be strategically rotated and 
repositioned. If necessary this should be conducted at regular intervals, to 
direct metal into recessed and concealed areas which are difficult to plate. 
This will be an advantage in promoting good current distribution and 
uniform metal deposition. Completion of deposition process can be gauged 
visually, alternatively the plating duration required to deposit a specific 
thickness of metal can be calculated using a simple slide rule (as referred 
to in Chapter 4D). 

Subsequent processing 
Once formed, strongly adherent foundation layers of copper and nickel can 
go on to receive decorative finishes of gold or silver. The underlying base 
metal can be used as a financially expedient and practical method of 
building up an aesthetically desirable thickness of metal, which can then, 
simply be overplated with a selected precious metal. (Thorough rinsing is 
essential before transferring the artefact between electroplating solutions). 
In these circumstances, the underlying deposit serves the additional role of 
enabling the deposition which follows to be form a highly reflective 
surface film. Neither gold or silver electroplating solutions are capable of 
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producing bright deposits. However. they will replicate the physical 
appearance and characteristics of the underlying surface. Therefore by 

electrodepositing metal on to a bright copper or nickel deposit, the gold or 
silver can be superimposed to produce a bright, lustrous surface finish. The 
A/C wishing to pursue this should refer to Chapter 4C where the procedure 
is outlined in further detail. 

Where bright deposits are required, but appropriate electroplating 
solutions and facilities are not accessible, the A/C must resort to more 
conventional polishing techniques. On completion of the electrodeposition 
process abrasives such as 'Tripoli' can be used to smooth away rough 
areas of metal and form a suitable basis for burnishing. Whilst this process 
is appropriate for finishing metal components, the mechanical friction and 
force involved renders this procedure unsuitable for finishing the surface 
of electrodeposited glass, because it weakens and undermines the adhesion 
of the metal-to-glass bond. 'Bright dipping' is therefore recommended as 
an appropriate method of producing highly reflective and lustrous deposits 

on complex. intricate, and more delicate forms which possess relatively 
deep and inaccessible undercuts. 

Section 2: Recording the Electrodeposition Process 

It is absolutely crucial for the A/C to maintain a comprehensive 
logbook/record of all electroplating activities, regardless of the extent to 
which operations prove to be a success or failure. This is fundamentally 
important for two reasons: 

It is an essential part of the learning experience, and is invaluable 
for A/C who wish to develop a comprehensive knowledge and 
understanding of how the process operates. Through 
documentation, experimentation and analysis, it will also be 
possible to identify why specific problems have arisen, and develop 
strategies to alleviate them and prevent their reoccurrence. This 
familiarization will place the A/C in a better position to achieve 
successful results and exploit happy accidents, by introducing an 
element of skill and control which is capable of predetermining the 
repeatability of decorative effects. 
To ensure the solution is well maintained; brighteners, stress 
relievers, and anti-pittants are used to replenish the solution. These 
are added on an ̀ ampere-hour basis'. An accurate record of all 
plating periods and the amperages used since the last addition is 
therefore essential if the solution is to be maintained in a stable 
condition. This will ensure the long-term serviceability of the 
solution, and guarantee successful results in the future. 

Recommendations 
A suitable format for recording, electrodeposition activities is illustrated in 
Fig. 6/10. This should be referred to when reading the following 
description and recommendations. For convenience, this has been 
organised into information which should be recorded before, during, and 
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ELECTROPLATING DATA 

NAME: A. N. Other 

Calculated Surface Area: 
115cm2 (17.8 in. sq) 
Metallisation Procedure: 
Silver Electrodag paint -T9058 
Brush Application 

Deposition Rate: 
2.0 Aidms (20 Asf) Actual 2.5 amps 

DESCRIPTION: 

Intaglio cut vase 

  Areas to be 
deposited 

Electrode wires x2 

SOLUTION DETAILS: 
111tta1 Acid/Cyanide p1I Temp (Actual) Plating Range 
Copper 'Cuprasol NILY N/A 24°C 1.0-75 A/dm2 (10-75 Asf) 

Bricht Acid Copper Optimum Optimum Optimum Rate 
Sul hate Solution - 23°C 3.5 A/dm2 (35 Asf) 

Date Time Temp 
°C 

Amps 

Actual 

AS. F 
E uiv 

Volts Duration 
Hours 

Observations 

1/4/98 9.30 am 24 03 - 
9.32 am 0.2 0.2 
9.35 am 0.4 0.25 Good conductivity. Rapid surface 
9.40 am 0.6 5 0.3 coverage of ciectrodepocited metal 
9.45 am 1.2 10 0.4 Introduced very mild air agitation 

9.50 am 2.0 0.5 Introduced cathode rod movement 
9.55 am 2.5 20 0.7 

I I Rotated cathodes 90° every 30 mins 
6m - Out - - 8'/ Rinsed and dried. Uniform deposit. 

dull/grainy appearance -3 rtd 

brightener added. 

2/4198 9.00 am 23 1.1 10 0.4 cont: Cathode acid dipped, rinsed and 

9.10 am 2.0 0.6 returned to electroplating solution. 

9.20 am 2.5 20 0.7 
9.30 am 3.1 25 0.8 Higher CD - good bright deposit 

5 pm - Out - - 16'/2 Perfect result! Good adhesion 

Fig. 6/10. Electroplating Data Sheet 
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after deposition. In addition a blank copy of the Electroplating Data sheet 
can be referred to in Section 1 of the Appendix. 

Before initiating deposition 
lt is advisable to record the date, the condition of the solution, and provide 
a description, or illustration of the artefact being processed. The latter 
should be accurate enough to allow the A/C to instantly recognize and 
identify the plating record relating to a specific artefact at a later date. 
Further information relating to the surface area and intended current 
density (plus a record of its calculation) should be included alongside any 
details relating to the metallizaton procedure adopted, and with more 
complex forms, the method of cathode wire suspension. 

During deposition 
A stop-watch or timing device will prove invaluable in controlling and 
recording the process. As electrodeposition commences, an accurate 
record should be kept of the starting time and voltage applied. Thereafter 
the time intervals and regularity with which any increases in the current 
density (voltage and amperage) are implemented can be recorded 
accordingly. Reference should also be made to the precise time at which 
any agitation, (mechanical or air), or brighteners/additives are introduced 
to the solution. By following this format the effects of adopting different 
deposition procedures can be assessed and compared to distinguish 

appropriate operating parameters for the deposition of future artefacts. If 
during deposition the artefact is repositioned, it is particularly important to 
record the angle and frequency of the rotation. Any further observations, 
peculiarities, and anomalies which arise may also be documented. 

Post deposition 
Besides recording the time at which the artefact is extracted from the 
electroplating solution, an estimation should be made of the amount of 
metal deposited. Additional remarks may refer to the visual properties and 
appearance of the deposit formed, notably its brightness, dullness, or 
roughness, together with any physical criteria, which may prove useful in 
evaluating how the process has progressed. This information may prove to 
be particularly helpful for A/C wishing to either resolve a problem, or 
repeat the procedure at a later date. The report should be concluded with a 
reference to the success or failure of an experiment. This should 
summarize any faults/problems if applicable, and suggest improvements 
which could be made to the experiment to enhance the results in the future. 

It is important to remember that the results obtained from 
electrodeposition procedures will vary in accordance with the nature and 
preparation of the artefact, the chemical constitution and operating 
parameters of the solution, and the positioning of the anodes in 
relationship to the cathodes. These will all dramatically affect the success 
of the operation, therefore when problems arise each of these variables 
should be scrutinized to identify the source of the difficulty and determine 
its resolution. Reference should be made to the information contained at 
the end of this chapter for further assistance. 
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Section 3: Quick Reference Guidelines 

The following summary consists of a simple step-by-step guide to 

preparing, introducing, and extracting artefacts from electroplating 
solutions. These procedures are recommended for direct exploitation by 

the newly initiated A/C. For further information, reference should be made 
to the main text, where these procedures are discussed in greater detail. 

Introducing Artefacts to the electroplating solution 

Preparing the electroplating facility 
Ensure that all mechanisms, including aerators, agitating appliances, and 
rectifiers/electrical contacts are fully operational. Check the solution is 

within the optimum composition and temperature range, and if necessary, 
cleanse/abrade those areas of the busbars which will be in direct contact 
with the anode hooks and cathode wire. This will remove surface 
oxidation, and ensure good electrical contacts are made. 

Preparing the glass substrate 
c Firmly attach the electrode wire(s) to the cathode surface (for more 

detailed information refer to Chapter 6A). These serve two 
fundamental purposes they provide: 
(i. ) a rigid physical support from which to suspend the artefact; 

(ii. ) a means of carrying an electrical current and initiating 
electrode position. 

Electrode wires should be of a sufficient gauge to carry the required 
electrical current. With the exception of 0.5 cm (0.2") at the end in 
direct contact with the cathode surface, and a sufficient length at the 
other end from which to securely suspend the artefact from the 
cathode bar, the electrodes wires should be insulated along their 

entire length with an electrically and chemically resistant tape. 
Scrupulously cleanse the glass to remove any residual surface 
greases and contamination, and rinse thoroughly in copious 
quantities of water. To prevent recontamination, avoid handling the 

artefact, which can usually be moved around using the supporting 
wires. 
Metallize/sensitize the substrate. This will render the surface 
conductive and receptive to electrodeposition. Only those areas of 
the artefact which are metallized and connected to electrode wires 
will receive a deposit of metal. 

* Gauge the surface area of those portions of the artefact requiring 
deposition (as referred to in Chapter 4D), and calculate the correct 
current density in A/dm2 or Asf. (Remember, low current densities 

are an advantage if a tenaciously adherent deposit of metal is to be 

attained in electrodepositing metals onto glass. For example a 
current density equivalent to 0.5 A/dm2 (5 Asf) is recommended for 
acid copper sulphate solutions). 

o Consider how best to position the anodes and cathodes in 
relationship to one another to promote successful deposition (refer 
to Chapter 4E), and if necessary plan the most appropriate strategy 
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for manipulating and rotating the object. This will help to overcome 
potential plating difficulties, and assist the A/C in obtaining a 
uniform coverage of metal. 

Initiating deposition 
Switch on the rectifier. The flow of current/electrical resistance will 
be registered by the voltmeter. This should be set to 0.5V (or 
possibly 1.0V for larger artefacts). 

^ Before introducing the artefact to the electroplating tank, support it 

above the level of the solution, and securely fasten the electrode 
wires to the cathode busbar. A good electrical contact is essential to 
ensure the artefact is introduced to the electroplating solution `live'. 
A sufficient length of wire must be left to allow the object to be 
suspended approximately 5cm (2") below the level of the solution. 

o Slowly lower the artefact into the electroplating solution. Avoid any 
direct contact between the anodes and cathodes as this will short- 
circuit the system. Record the time and the voltage/amperage 
readings. 
After five to ten minutes the voltage will drop, and the amperage 
will rise slightly, indicating that electrodeposition has been 
initiated. Do not attempt to examine or disturb the artefact at this 
stage of the process as this may jeopardize the success of the 
operation. 
At regular intervals, gradually increase the current density until the 
desired amperage is obtained. This should be conducted over the 
initial half-hour of deposition. 
Once the pre-determined current has been reached, allow deposition 
to proceed naturally. At this point gentle aeration and agitation (if 
appropriate) can be introduced and gradually increased to supply 
the cathode surface with a metal rich solution. This will stimulate 
and promote further deposition. 
If necessary. after the initial plating period, the artefact can be 
rotated, and repositioned at regular intervals to assist in the 
deposition of a uniform coverage of metal. However care must be 
taken, to ensure that the electrode wires do not work loose or 
become detached from the cathode surface, causing deposition 
failure. 
Allow electrodeposition to continue until a desirable thickness of 
metal has been deposited. Throughout the procedure remember to 
meticulously record any changes in amperage/voltage and in the 
positioning of the artefact, together with any additional 
observations. 

Removing work from the electroplating solution 
Switch off any aeration/agitation devices. 

= Loosen the electrode wires around the cathode busbar, and gently 
lift the artefact out of the electroplating solution. Ensure that no 
direct contact is made between the artefact and the anodes. Allow 
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surplus solution (trapped in the hollow crevices of the artefact) to 
drain back into the tank. 
Immediately transfer the work to a tank of cold running water and 
rinse thoroughly for at least ten minutes. This procedure is 

particularly crucial where the object is to undergo a further plating 
process. (It is essential to avoid contact between acid and cyanide 
solutions, which can occur inadvertently, as a result of residues 
being carried over from one solution to another through inadequate 
rinsing. ) 

" Returning to the electroplating tank turn the voltage to `0' and 
switch off the rectifier. If a lid is available, cover the electroplating 
solution to minimize the chances of contamination. 

" Using a sharp knife, carefully disengage the cathode wires from the 
artefact. This will require patience as the adhesion of the 
electrode posited metal to the glass is rarely strong enough to 
withstand excessive force. 

o Re-rinse the piece to ensure all traces of the solution are eliminated. 
If required, apply an anti-tarnish/oxidation treatment to preserve the 
electrodeposited metal. (Refer to Chapter 7). 

Section 4: Problems likely to be Encountered in Initiating 
the Electrodeposition Process 

Causes and remedies 
Many of the problems likely to be encountered by A/C will arise out of a 
failure to give proper attention to basic/fundamental criteria. Typically 
these may include using inappropriate equipment, or inadequately 
maintaining the electroplating solution. When attempting to locate the 
source of a plating defect, the A/C should seek the most obvious causes in 
the first instance. In particular, check electroplating solutions are properly 
mixed, equipment is fully functional, and the correct operating parameters 
(current density, anodes, temperature and agitation) are employed. It is 
essential to remember that good results cannot be achieved unless 
appropriate cleansing, preparation and metallizing procedures have been 
employed and conducted with sufficient care and attention to detail. These 
factors are the root causes of many problems. However, most difficulties, 
despite their initial complexity, can be resolved relatively easily. 

The first line of defence in the detection and diagnosis of a problem 
involves observing, inspecting and analysing the deposit. It is essential that 
any plating defects are corrected at an early stage, as left unattended the 
quality of the deposition may accumulatively deteriorate, giving rise to 
more complicated and long-term problems. In extreme cases, solutions 
may have to be disposed of. This will prove to be labour intensive and 
incur unnecessary expense in the treatment of effluents and replacement of 
the solution. Fundamentally the A/C should regard these problems as a 
challenge. The identification and resolution of plating difficulties is an 
informative and essential part of the learning process, and is central to 
understanding deposition procedures. Provided that the A/C is able of 
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applying an clement of ingenuity and logic when evaluating and analysing 
results, whilst continuously making reference to an ever increasing 
repertoire of practical knowledge and experience, he should be more than 
capable of dealing with any difficulties which arise. 

In view of the extensive number of factors and idiosyncrasies which 
can contribute towards defective plating, no foolproof procedures can be 

advocated for automatically resolving specific/isolated problems. 
However, it is hoped that the following the following information (Tables 
6/6 to 6/12) will assist the A/C both in identifying the causes of defective 
deposition. and in putting forward positive strategies for resolving them. 
For case and practicability the information given in each table has been 
prioritized so that the most obvious explanations/root causes of a given 
problem are identified at the start and should be suspected in the first 
instance. Thereafter they are listed in descending order of their likely 

occurrence. 

Table 616. Deposition Failure 

Detection 
Metal deposition may proceed in an ad hoc, indiscriminate, fashion on 
selected areas of the metallized surface giving rise to a patchy, spotty 
deposit. In extreme cases metal deposition may fail completely. In these 
circumstances the piece must be entirely stripped, cleansed, and replated. 

Cause Solution 
1. Poor electrical contacts This is usually confirmed by a ̀ 0' 

(resulting in complete amperage reading. Ensure the rectifier is 
deposition failure) fully operational and electrode wires are 

securely attached, so that they are held 
in tension against the cathode surface. 
(These have a tendency to work loose 
and become detached. ) Check the entire 
length of the electrode wires for 

weakness and severances, and ensure 
that the terminating portion of the 
electrode wire is securely attached to a 
clean area of the cathodic busbar. Any 
connections which carry electricity 
between the rectifier and the plating tank 
should be clean and secure. 

2. Poor surface cleansing Grease, dirt and other forms of 
(Resulting in partial contamination residing on the surface of 
plating with isolated the object from handling or processing 
surface areas resisting the glass, will act as a resist and inhibit 
deposition. This is deposition producing a patchy 
known as ̀ skip-plating') incoherent deposit. In these 

circumstances the A/C is advised to 
adopt a more effective cleansing 
procedure (refer to Chapter 6A). 
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3. Inadequate metallization o Avoid using old or contaminated 
(partial deposition may metallizing media. 
occur) o Ensure all metallizing media are mixed 

and used in accordance with the 
manufacturers/guidelines; in particular 
silver pastes have a tendency to separate 
out and must be shaken regularly to 
retain a homogeneous and uniform 
composition. Copper lacquers, mixed 
incorrectly with a slight excess of 
lacquer, will produce insulating rather 
than conductive properties. 

C Ensure all areas (undergoing 
electrodeposition) are covered with a 
uniform and consistently applied film of 
the metallizing medium. Remember 
each isolated area of the substrate 
surface will require attachment to a 
separate electrode wire. 

4. Poor covering power - The artefact should be designed bearing 
(failure to deposit metal in mind the limitations of the deposition 
in recesscd/low CD process. Recessed areas are notoriously 
areas) difficult to electroplate, especially where 

weaker solutions are used. Therefore it 
may be necessary to resort to using an 
electroplating solution with a ̀ superior 
throwing power'. The implications and 
limitations posed by the design of the 
cathode design and the effect this has 
upon the capability of an electroplating 
solution to deposit metal at all are 
discussed in Chapter 4E. 
Altering the operating conditions: in 
certain situations increases in 
temperature, agitation, and current 
density can improve the covering power 
of the solution. 
Extended plating periods may promote 
the deposition of a thin film of metal in 
recessed or difficult areas. However, the 
resulting deposit will never be as thick 
as on the rest of the cathode. 

5. Inappropriate o Ensure that the anodes are positioned 
positioning of the anodes symmetrically around the object to 
to the cathode(s) (giving provide an even distribution and surface 
rise to an uneven coverage of metal as feasible. Rotating 
thickness and poor the cathode during deposition will 
surface coverage of enable all areas of the object to receive 
metal) equal exposure to the anodes. 
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6. Inadequate agitation ^ Moderate solution agitation will assist in 
the circulation, delivery and 
replenishment of a fresh supply of metal 
rich solution in and around the vicinity 
of the cathode. This will improve the 
efficiency of the process and encourage 
the formation of a coherent deposit. 

7. Electrodepositing too o Every electroplating facility has a 
many articles at once maximum working capacity. Attempts to 

overload the system will result in 
partial/complete deposition failure. 
Reference should be made to Chapter 4E 
where formulae for calculating 
maximum plating capacities are outlined 
in detail. 

8. Too high a current o Metallizing films are extremely delicate, 
density (partial 
deposition may occur). 
The metallizing media 
may be partially 
destroyed inhibiting 
electrode position. 
Alternatively, deposits 
may become dark brown 
and take on a burnt, 
spongy, or nodular in 
appearance. ) 

and must undergo deposition at a very 
low current density. Excessively high 
current densities will inhibit deposition 
by burning away the sensitizing media, 
causing incoherent deposits and 
blistering/poor adhesion. 

Table W. Poor/%Veak Adhesion 

Detection 
This is one of the more serious defects of the electrodeposition process 
because it renders the artefact incapable of fulfilling its intended 
decorative or functional application. Poor adhesion manifests itself in 
various forms, causing the metal to buckle, blister, peel, curl, or exfoliate 
from the glass substrate. In most cases, restoration is not feasible and the 
artefact must be completely stripped of the defective deposit, and 
reworked from scratch. This can be a very expensive and labour intensive 
process. 
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Cause Solution 
1. Inadequate surface = Roughen the surface of the glass. 

preparation Adopt a more scrupulous and effective 
cleansing procedure and apply with 
meticulous care and attention to detail. If 
necessary use a stiff brush to scrub the 
surface, before thoroughly rinsing the 
artefact in deionized water. To avoid 
possible recontamination cleansing 
procedures should not be carried out 
until directly before metallization and 
clectrodeposition, and care should be 

taken to avoid handling the artefact. 
2. Inadequate metallization Refer to Table 6/5 in Chapter 6B. This 

lists metallizing agents which are most 
appropriate to promoting good adhesion. 
Avoid applying the metallizing medium 
too thickly as this may result in 
inherently weak deposits. 'Skip plating' 
usually occurs when poorly conductive - 
contaminated metallizing agents are 
used, or where residual greases are 
present on the substrate surface. 

3. Stress Ensure that the electroplating solution 
selected is suitable for electrodepositing 
metal on to glass in a low state of 
internal stress. Nickel sulphamate or 
copper sulphate solutions are highly 
recommended for use. 

= Examine the artefact to determine 
whether the deposit displays signs of 
compressive or tensile stress (refer to 
Chapter 6D). Professional advice can 
then be sought, and appropriate 
adjustments can be made to the 
composition of the solution to ensure 
that stress is minimized and adhesion is 
promoted. 
Ensure that the correct operating 
parameters are used, (e. g. temperature, 
agitation, and current density). 

' Add wetting agents and stress reducers 
if necessary - but not indiscriminately. 

4. Immersion deposition To avoid the formatting of weak glass- 
to-metal bonds always ensure that a 
current is flowing before introducing the 
artefact to the electroplating solution. 
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5. Too high a current o Decrease the amperage and use a very 
density low current density to electrodeposit 

freshly metallized surfaces. Attempts to 
use too high a current density will 
induce stress and reduce adhesion. 

Table 618. Current Fall Away 

Detection 
If during deposition. the amperage suddenly drops to `0' for no apparent 
reason, indicating that deposition has ceased, ̀ current fall-away' is said to 
have occurred. The source of this problem is frequently electrical. 

Cause Solution 
1. Faulty rectifier Check the rectifier to ensure it is 

operating correctly. 
2. Poor electrical contacts o Check that all contacts which carry 

electricity between the rectifier and the 
tank. including those which connect the 
busbars to the anodes and cathode, are 
clean and securely attached. If necessary 
remove oxidation and corrosion from the 
busbars to facilitate good surface 
conductivity. 

3. Poorly maintained Analyse the composition of the solution 
solution to ensure that all the chemicals are 

present in the correct concentrations 
(and that the solution is sufficiently 
conductive to convey an electrical 
current). Badly maintained solutions 
deteriorate rapidly and become very 
unstable. For long-term serviceability 
and reliability, solutions need to be 

maintained in a very pure and clean 
condition, even when not in use. 

4. Inadequate metallization The metallizing agent must provide a 
good, electrically conductive surface. 
Sensitizing procedures should be carried 
out directly before deposition as 
prolonged exposure to the air may cause 
surface contamination or passivation. 

5. Inappropriate operating Ensure metal deposition occurs within 
conditions the recommended temperature and 

current density range. 
C. Increase the level of solution agitation. 
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6. Passive anodes o The build up of sludge which occurs 
naturally during the dissolution of the 
anodes creates an insulating film which 
can occasionally render the anodes 
`passive', inhibiting deposition. This can 
be rectified by removing the anodes 
from the electroplating solution, and 
scrubbing the surfaces with a nylon 
brush to reveal a bright metal surface. 
After cleaning it is important to rebag 
the anodes before returning them to the 
electroplating solution. 

Table 6/9. Uneven Thickness of Metal Deposited 

Faraday's law dictates that the amount of metal deposited is directly 
proportional to the current passed. The `throwing power' of an 
electroplating solution, however, dictates the extent to which it is possible 
to deposit metal uniformly across the entire surface of the cathode. As a 
general rule metal will be preferentially deposited on the protruding facets, 

and edges of the artefact (i. e. those which are in closest proximity to the 
anode), and be deprived from recessed surface areas. Complex and 
intricate forms are most likely to receive successful deposition from 

solutions which possess a good throwing power (typically cyanide-based 
solutions). Various strategies can be adopted to promote uniform 
deposition. These are described in Chapter 4E. Further recommendations 
are summarized below. 

Cause Solution 
1. Poor throwing power 0 This property is predetermined by the 

chemical composition of the solution. 
The throwing power of the solution may 
be improved by increasing the current 
density, agitation, and temperature. 
Alternatively it may be more appropriate 
to use a solution with a superior 
throwing power. 

2. Inappropriate o Surface areas of the cathode in closest 
positioning of the anodes proximity to the anode will 
to the cathode(s) preferentially attract metal. It is 

therefore advisable to position anodes 
symmetrically around the cathodes. The 
object should be regularly rotated during 
deposition to promote a more even 
coverage of metal. Where necessary 
robbers and shields may be used to 
direct current into recessed or difficult- 
to-plate areas. 
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3. Solution composition o Additives referred to as `levelling 

agents' can be employed to encourage a 
more uniform deposition. These promote 
heavier metal deposition in recessed low 

current density areas, whilst 
simultaneously inhibiting deposition on 
protruding high current density areas. 

4. Additional point o `Periodic reversal' can be used to assist 
in levelling, giving rise to smoother and 
more uniform deposits. During 
deposition this process intermittently 
and periodically reverses the current. 
This enables the anodes and cathodes to 
take on opposite roles, so that deplating 
occurs on high current density areas of 
the cathode surface. 

Table 6/10. Poor Quality Deposits 

Detection 
This occurs randomly, and may result in dark spotting streakiness, 
blotchiness, staining, or general discoloration. Cyanide solutions are 
particularly prone to this phenomenon. 

Cause Solution 

Discoloration/staining 
1. Residues of solution 

trapped in crevices of 
the cathode surface 

Where an electroplated object is left to 
partially dry before rinsing, residual 
traces of the electroplating solution may 
crystallize out on the surface of the 
metal, or in porous deposits be absorbed 
causing surface discoloration and 
staining. This may give rise to blotchy, 
spotted or streaked deposits and can be 

reduced by: 

c Extracting the artefact from the 
electroplating solution, and rinsing 
immediately and thoroughly in 
alternating vats of hot and cold water, 
before drying the objects in warm air. 

o Using an electroplating solution which 
produces less porous deposits. 

Cloudy deposits 
2. Excessive pickling when 0 This will result in a dull, cloudy deposit. 

preparing an object for If this occurs try 
replacing (e. g. when (i) using a more dilute pickling solution 
depositing silver on to (ii) pickling the object for a shorter 
copper) period of time. 
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3. Poorly maintained o This may lead to streaky and cloudy 
solution deposits. Analyse the solution and check 

for contamination. (The use of silver 
pastes/metallizing media may result in 
streaky deposits. These residues can be 
plated out using a dummy cathode. ) 
Filter the solution over activated carbon 
in the presence of agitation to remove 
impurities and organic contamination. 

Dull deposits 
4. Too low a current 0 At very low current densities 

density electroplating solutions which are design 
to produce bright/lustrous deposits, will 
give rise to dull deposits. Check the 
correct current density is being used and 
increase the amperage accordingly. 

5. Solution composition: 0 Proprietary brighteners are 
exhausted brighteners commercially available, and should be 

added in accordance with the 
manufacturers recommendations, - 
usually at regular intervals on an 
ampere-hour basis. ̀Hull Cell' analysis 
will indicate whether the solution is 

producing bright deposits within the 
correct current density range, and 
determine whether further brighteners 
need to be added. 

6. Inadequate agitation 0 Increasing the agitation will circulate the 
solution and help to bring a fresh supply 
of metal ions into direct contact with 
low current density areas promoting 
brighter deposits. 

Table 6/11. Pitting 

Detection 
Pitting occurs when air bubbles become occluded in the deposit producing 
small pin-holes/indentations in the surface. This is technically undesirable 
because it weakens the deposit, and significantly reduces properties of 
corrosion resistance. If pitting is to be promoted as an aesthetic effect the 
A/C must ensure that a structurally sound foundation of metal has been 
obtained prior to inducing the effect. Pitting is most frequently associated 
with bright nickel plating solutions which are particularly prone to this 
condition. 
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Cause Solution 
1. Poorly maintained o Clean solutions are less likely to exhibit 

solution a tendency towards pitting. If the 
problem persists, the solution should be 
analysed and filtered to eradicate 
contamination. 

2. Inappropriate levels of o Moderate air agitation may help reduce 
air agitation surface tension and relinquish trapped 

air preventing pitting. However, in 
excess, air aggregation is likely to 
exacerbate the problem. A suitable 
compromise must be reached. 

3. Insufficient additives 0 The appearance of `tails', which form on 
the deposit and project outwards to 
follow the directional flow of the 
agitation, indicate that the composition 
of the solution needs to be modified. 
Organic wetting agents can be used in 

cyanide/alkali solutions to reduce this 
effect and prevent pitting. 

4. Inadequate surface 0 Rough surfaces are more likely to 
preparation promote ̀ pitting'. The mechanical 

polishing of substrates prior to 
deposition may reduce this effect. 

Table 6/12. Rough/Grainy Deposits 

Grainy/granular deposits are derived from two principal sources: primarily 
from inherent roughness/irregularities in the substrate surface itself, and 
secondly, from faults in the plating process. It is essential for the A/C to 
remember that any residing blemishes, roughness, or imperfections present 
in the cathode surface will tend to be exaggerated, rather than be 
diminished or disguised by the electroplating process. 

Rough, grainy deposits may be aesthetically desirable to the A/C, 
where actively pursued, they should be promoted using the procedures 
referred to in Chapter 7. Rough deposits derived in an ad hoc or 
indiscriminate fashion from defects in the deposition process (as registered 
below), are not acceptable because they give rise to deposits which are 
unstable, weak, and highly stressed. This compromises the durability and 
serviceability of the artefact, and seriously jeopardizes the quality of the 
final piece of work. 
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Cause Solution 
1. Inadequate surface ° Dirt or grit residing on the surface of the 

preparation glass from sandblasting, grinding, or 
polishing procedures may become 
incorporated into the deposit as a result 
of poor or inadequate cleansing. This 
indicates that a more effective cleaning 
cycle needs to be adopted. This must be 

conducted with scrupulous care and 
attention to detail. High pressure solvent 
sprays or a toothbrush may be useful in 
extracting debris from difficult to reach 
or recessed areas. 

o Inadequate rinsing. Exposing the 
cathode to a contaminated or impure 
water supply may cause surface 
roughness. Pure deionized or distilled 
water is recommended for rinsing 
purposes. 

2. Poor filtration 0 Particulate matter and debris suspended 
in the solution may, through agitation, 
be co-deposited on the cathode, 
particularly where it is allowed to settle 
on horizontal surface planes. Constant 
filtration in conjunction with agitation 
will be an advantage in reducing 
roughness and purifying/maintaining the 
electroplating solution in a serviceable 
condition. 

3. Too high a current Recalculate the surface area and correct 
density current density for the object. 

Excessively high current densities will 
result in rough, granular deposits or 
`burning' on projecting/high current 
density areas of the cathode surface. 
Reduce the amperage accordingly. 

4. Anode impurities 0 This causes ̀treeing' (refer to Chapter 
7), which is prevalent where anodes are 
not bagged, and impurities and sludge 
can freely escape into the electroplating 
solution. Anode bags should be cleaned 
and replaced on a regular basis. 
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5. Poorly maintained o In cyanide solutions an excessive build 
solution up of carbonates can cause rough or 

grainy deposits. Carbonates can be 

removed by lowering the temperature of 
the electroplating bath to 0°C (32°F). 
The carbonates will then crystallise out 
enabling the solution to be filtered off 
(Refer to Chapter 4C). In nickel plating 
solutions a build up of phosphates may 
result in rough deposits. 

6. Inappropriate operating 0 Rough/grainy deposits can be reduced 
conditions by: 

(i) decreasing the current density 
(ii) lowering the temperature of the 

solution 
(iii) reducing agitation 
(iv) reducing the acidity of the 

electroplating solution (Refer to 
Chapter 4C). 

Tables 6/6 to 6/12 were compiled from various sources; 
CANNING LTD, W. (1978) Canning Handbook on Electroplating. 22nd ed., 

Birmingham: W. Canning Ltd. & E. & F. N. Spon Ltd. 
NEWMAN, L. S. & J. H. (1979) Electroplating and Electroforming. New York. Crown 

Publisher Inc. 
HALL, N. (1977) Metal Finishing Guidebook and Directory. 45th ed., Hackensack H. J.: 

Metals and Plastics Publications Inc. 

PINNER, R. (1962) Copper and Copper Alloys. (Publication No. 62). London: Copper 
Development Association. 

GRAHAM, A. K. (1971) Electroplating Engineering Handbook. 3rd ed., New York: Van 

Nostrand Reinhold Company. 

POYNER, J. A. (1987) Electroplating. Hemel Hempstead: Argos Books Ltd. 
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Chapter 6D 

Adhesion 
Introduction 

Adhesion is a complex issue. It represents the most important attribute and 
property of any electrodeposited film because it affects the quality and 
durability of the deposit, and is significant in determining its value and 
serviceability within a given decorative or practical application. Within 
electroplating technology the term adhesion refers to the extent or degree 
to which an electrodeposited metal coating sticks to the underlying 
substrate surface. If as a result of internal stress, thermal stress or 
mechanical force the metal coating can be lifted or stripped from the 
substrate surface it is said to lack adhesion or be poorly adherent. This 
definition of adhesion must be at the forefront of in the electroplaters mind 
during his everyday activities. 

"The principle of encapsulation" - achieving good adhesion in 

electrodepositing metals onto glass 
Experimentation conducted within the context of this research (as referred 
to in Section 3 of this chapter) has revealed that "true" adhesion defined as 
an independent and tenacious bond does not exist. In principle, the 
strength of any glass to metal bond will never be equivalent to that 
achieved in conventional electroplating procedures (where metal is 

electroplated onto metal). Fundamentally, this is because the glass 
substrate and engaging electrodeposited metal film are of an inherently 
different nature and chemical structure. For this reason any adhesion 
obtained in electrodepositing metals onto glass will almost certainly be 
mechanical. The practical implications of this rationale are discussed 
below. However in reality, precise adhesion is in fact undesirable. Even if 
true bonding was feasible, it would prove to be ineffective because glass is 
known to undergo thermal expansion and contraction when exposed to 
different temperature environments. This means that it is dimensionally 
unstable. It therefore follows that if a perfect/truly and rigidly adherent 
deposit was formed it would not be able to respond to these subtle changes 
in the temperature of the glass, and the stress induced would result in the 
warping, deformation or cracking of the electrodeposited metal. Less than 
perfect adhesion is therefore eminently more suitable to producing 
deposits with sufficient resilience and stability to withstand dimensional 
changes in the substrate surface in electrodepositing metals onto glass. 

The electrodeposition process relies emphatically upon the principle 
of encapsulation to bond the metal to the glass. That is the electrodeposited 
metal must be grown so that it interlocks with any shallow recesses, 
channels or undercuts (which form ideal anchorage points and mechanical 
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bonding cites) and encloses as an enveloping cage or framework around 
the glass, so that if adhesion fails and the bond becomes detached the 
metal remains intact and held in position by its own embracing structure 
(Fig. 6/11). This fundamental principle is central to electrodepositing 
metals onto glass and must be acknowledged and understood by the A/C if 
the process of is to be successfully implemented. 

Descriptive summary of the chapter 
In an attempt to address and illustrate the importance of adhesion the 
following chapter has been divided into three main sections. The contents 
of which are as follows: 
Section 1: Describes the symptoms and appearance of poorly adherent 

deposits. By illustrating the practical implications of poor 
adhesion a foundation will be established for discussing 
factors which significantly affect the bonding properties of 
a deposit. 

Section 2: Puts forward recommendations to assist the A/C in 

promoting and achieving good adhesion. 
Section 3: Describes techniques for testing and evaluating adhesion 

which are directly applicable to practical exploitation by the 
A/C. This section will identify procedures which have been 

employed within the context of this research, to test and 
compare the bonding properties of different metallizing 
agents in electrodepositing metals onto glass. The 
information derived from these procedures will then be 

analysed and evaluated 

Section 1: Detecting Poor Adhesion 

Poor adhesion can easily be identified. In extreme cases the metal will 
simply become divorced and detached from the glass as a direct result of 
exfoliation - the peeling and lifting of the electrodeposited metal. In milder 
cases poor adhesion will manifest itself in a more subtle variety of forms. 
In particular, the deposit will buckle, blister and warp. Skip plating (the 

sporadic misplating of certain areas) may also occur. Poor adhesion 
constitutes a major and permanent defect. Remedial restoration to salvage 
the deposit will not generally be feasible, and considerable time, labour 

and expense will have to be invested in completely stripping down and 
replating the object. 

Visual inspection of the defect will play a crucial role in identifying 
the source of poor adhesion. To avoid any repercussions the problem will 
have to be methodically investigated and resolved before recommencing 
deposition. Guidelines for overcoming poor adhesion are delineated in 
Table 6/7 - as referred to in Chapter 6C. 

The nature of "stress" and its effect upon adhesion. 
Whether stress is derived internally within a deposit ("intrinsic stress"), or 
externally through applied physical pressure ("induced stress"), 
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Fig. 6/11 The Principle of Encapsulation - maximizing good adhesion (Sheet 1) 

Fig 1(A) rrý1 

Fig 1(B) 

100% 

The electrodeposited metal must be grown, so that it encloses around the glass (1A). 
Failure to do so (1 B), may result in the blistering (1 C) or buckling (1 D) of the metal 
leading to weak/non-adherent deposits. 

Fig. 2 

Textured surface Rim --> 
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This diagram illustrates how the electrodeposited metal can be designed to form an 
encapsulating and strongly adherent envelope of metal, around (i) the internal and 
external surface of the rim, and (ii) the top and underside of the foot of the vessel. 

Key: Glass substrate 
  

Electrodeposited metal 
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it can seriously compromise the bonding properties of a deposit resulting 
in the detachment of the electrodeposited metal film, or cohesive failure of 
the substrate surface. In either case, this phenomena merely serves to 
exacerbate the problems of poor adhesion. It is therefore essential to 
deposit the metal in a state of near zero stress, if a durable, strongly 
adherent deposit is to be formed. 

Most metals are electrodeposited in a state of internal residual stress 
which will reveal itself in the form of either "tensile" or "compressive" 

stress, causing a disfiguration or distortion of the deposit. Definitions of 
these forms of stress are delineated below and illustrated further in Section 
7A of the Appendix to Chapter 4C. Tensile stress will cause the deposit to 
contract and pull away from the substrate surface. The deposit may be seen 
to curl upwards at the edges, and peel, crack, tear, or in extreme cases 
result in complete exfoliation. Even in a mild form these symptoms render 
the metal more susceptible to corrosion and fatigue. By comparison, 
compressive stress will cause the deposit to expand resulting in the 
buckling and blistering of the metal. 

The successful electrodeposition of glass artefacts relies upon good 
adhesion and consequently upon the ability of the practitioner to identify 
and pursue measures which enable the metal to be deposited in a low state 
of stress. The A/C can manipulate the solution and operating conditions 
under which deposition occurs to control the levels of stress present within 
a deposit. These factors interact with the condition of the substrate surface 
to predetermine the level of adhesion obtained. By developing an 
appreciation of these considerations the A/C can introduce a degree of 
control and employ strategies which serve to promote and enhance the 
adhesion of a deposit. The stresses inherent within a deposit evolve from 
several principal sources, namely; 

(i) The inherent mismatch which arises from the different lattice 
structure of the electrodeposited metal and substrate surface. This 
incipient stress is unavoidable in electrodepositing metals onto glass. 

(ii) The co-deposition of foreign materials, contamination and impurities 
within a deposit. These forms of debris may be admitted into the 
solution in the form of atmospheric dust, as a result of poor substrate 
cleansing, (termed "drag-in") or inadvertently as a side affect of 
introducing solution additives (e. g.: brighteners). By inhibiting the 
formation of a pure deposit this predisposes the glass to conditions 
which significantly induce stress, and lead to brittle, weak and 
poorly adherent deposits. This problem can be minimised by using 
analysis procedures and continuous filtration to maintain the solution 
in an optimum condition. 

(iii) The electroplating solution. 
(iv) The operating conditions of the electrodeposition process. The level 

of intrinsic stress within a deposit will be directly related to and 
predetermined by, the temperature of the solution, the degree of 
agitation and the current density. As a broad generalisation stress 
will increase significantly as a result of: 
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o Using too high a current / amperage: A side effect of increasing 

the current density is to induce greater stress, jeopardising the 

adhesion of the deposit. To promote and maximise adhesion, the 

process of electrodepositing metals onto glass should ideally 

occur at a very low current density. (e. g.: 0.5 Adm2 (5 Asf) - in 

an acid copper sulphate electroplating solution. ) 
o Increasing the temperature of the electroplating solution. 
o Employing excessive air agitation. This directly increases the 

levels of stress present within the deposit. However, a low - 
moderate level of agitation is generally considered to be 
beneficial to the electroplating process 

Stress values present in deposits from different electroplating 
solutions 
When electrodepositing metals onto glass the A/C must select an 
electroplating solution and employ operating conditions which can be 
controlled to minimise stress and promote adherent deposits. As a general 
guideline copper and silver plating solutions readily deposit metal in a low 
state of internal stress. This is in comparison to nickel plating baths which 
produce deposits bearing dramatically different levels of stress depending 
upon the specific formulation / chemical composition of the solution used. 
The A/C must therefore ensure that the nickel plating solution selected for 
use, either deposits metal in a mildly stressed state, or responds positively 
to the action of stress reducers. With regard to nickel plating solutions, it 
must be acknowledged that stress is a far more complex, less stable and 
more difficult phenomena to control. Intrinsically, it is the brighteners 
which are added to nickel plating solutions to promote a highly reflective 
surface finish which are simultaneously responsible for producing tensile, 
highly stressed deposits. Consequently, where nickel is electrodeposited 
onto a freshly metallized glass surface it is essential to employ a basic, 
dull, pure nickel sulphamate solution which will enable metal to be 
deposited in a zero, slightly tensile or even mildly compressive state. This 
solution or alternatively, an acid copper sulphate solution will provide the 
optimum conditions required for promoting tenacious adhesion between 
the metal and the glass. Further recommendations regarding suitable 
electroplating solutions are referred to in Chapter 4C. The comparative 
stress values of deposits derived from different electroplating solutions are 
delineated below in Table 6/13 
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Table 6113. Representative Stress Values in Deposits from Various Baths 
Metal Bath Stress, 103 psi 

(positive values 
are tensile) 

Copper Cyanide 5 to 12 
Acid 0.4 to 2* 

Nickel Watts 16 to 30 
Watts, with H202 40 or higher 
All-chloride 30 to 45 
Sulfamate, no chloride 0.5 to 8' 
Sulfamate, with chloride 8 to 16 
Sulfate 16 to 20 

Silver Cyanide 2 to 4* 
Gold Cyanide Compressive 

" Recommended for promoting good adhesion in electrodepositing metals onto glass 
(Source; GRAHAM, A. K. (1971) Electroplating Engineering Handbook. 3rd ed., New York Van 

Nostrand Reinhold Company. p. 523. ) 

Reducing stress in nickel deposits 
Minimising stress in nickel deposits relies emphatically upon the fastidious 

maintenance of the electroplating solution, to preserve it in a clean and 
stable condition. Nickel plating baths are extremely sensitive to changes in 
the composition of the solution, to any fluctuation in the operating 
variables, and to sources of contamination. Uncontrolled, these factors can 
rapidly gives rise to deposits with high stress values and incipient poor 
adhesion. Nickel plating solutions are highly susceptible to stress. 

The following practical guidelines have been presented to assist the 
A/C in manipulating and modifying nickel plating solutions to produce 
low stressed deposits. This information should be used to promote strong 
adhesion in electrodepositing metals onto glass. These points are as 
follows: 

(i) Tensile stress will automatically increase when chloride is added to 
the solution. 

(ii) Increases in the current density will give rise to deposits with higher 
levels of tensile stress. 

(iii) In pure nickel plating solutions (e. g. Nickel sulphamate solutions 
which contain no additives) agitation has a negligible effect upon 
stress. However, in bright nickel plating solutions reducing agitation 
will help to minimise stress. 

(iv) Many addition agents (e. g.: hydrogen peroxide which is used as an 
anti- pittant) or forms of contamination present in the solution, will 
profoundly increase the levels of stress within a deposit. (However, 
wetting agents do not have an adverse affect on stress). 

(v) Fluorides can occasionally be employed as stress reducers. 
(vi) Temperature and pH have a variable effect upon stress, depending 

upon how they interact with the other operating conditions. 
As a postscript, it is worth reiterating that organic additives are frequently 
added to "bright" nickel plating solutions to yield deposits with low levels 
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of internal residual stress. These sulphur based compounds, typically 
include saccharin, sulphon amide and benzene disulphonate. Although, 

these chemicals are highly effective in counteracting stress they must be 

used with extreme caution, as in excess they induce compressive stress. To 

control and maximise the effectiveness of stress reducers they must be 

added on an ampere hour basis and replenished at regular intervals to 

alleviate the potential re-emergence of stress. The whole procedure is a 
carefully balanced compromise. Stress reducers eventually decompose in 

solution to produce hard, brittle deposits. To mitigate this detrimental 

effect the electroplating solution must be regularly filtered over activated 
carbon, prior to adding fresh doses of the stress reducer. 

It is imperative that stress is effectively dissipated and neutralised by 
controlling the solution and conditions under which deposition occurs. 
Electrodeposited glass artefacts cannot successfully undergo any post 
treatments to eliminate stress. This is in direct comparison to electroplated 
metal substrates, which can either be annealed at elevated temperatures to 
alleviate any residual stress, or subjected to shot peening processes which 
are capable of converting tensile stress into less disruptive compressive 
stress. The significance of stress is not only crucial to affecting good 
adhesion in electrodepositing metal onto glass. Frequently, within 
engineering applications producing a deposit with the correct level of 
internal stress is of paramount importance in imparting a corrosion 
resistant finish. Stress has fundamental implications which infiltrate into 

every aspect of the electroplating industry. 

Section 2: Recommendations for Promoting Adhesion in 
Electrodepositing Metals onto Glass. 

Basic criteria 
In addition to the fundamental principle of "encapsulation", the following 

criteria are worthy of consideration as they play a significant role in 
promoting adhesion. The first two factors are particularly important, 
because they are likely to be the most common sources of any problems 
which arise: 

1: Appropriate surface preparation 
The structural characteristics and physical condition of the glass will have 
a profound effect upon the level of adhesion acquired. Specialist 
preparatory treatments, namely surface roughening and cleansing are of 
fundamental importance in promoting good bonding properties between 
the electrodeposited metal and glass. Adhesion will be superior in 
roughened glass substrates. Mechanically sandblasted surfaces are 
particularly advantageous. Alternatively, where etched surfaces are used in 
conjunction with the principle of encapsulation it will still be possible to 
achieve a relatively good level of adhesion. Irregularities within the 
morphology or surface texture of the artefact will provide strong and 
tenable anchorage points around which the electrodeposited metal can 
interlock. Above all else, good adhesion relies emphatically upon the 
meticulous cleansing of the substrate surface. Any residual greases, dirt, or 
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contamination must be eliminated since this will interfere with potential 
bonding cites at the glass to metal interface. (Refer to Chapter 6A for 
further details). 

2: Selecting a suitable metallizing medium 
Table 6/5 (Chapter 6B) documents the results of adhesion tests which were 
conducted within the context of this research, to identify metallizing 
agents / sensitizers which provide optimum conductivity and superior 
bonding properties in electrodepositing metals onto glass. (The procedures 
employed in conducting these empirical tests are referred to in Section 3). 
This information is advocated for use by the A/C, and should be seen as a 
valuable source of reference in highlighting successful approaches to 
maximizing good surface adhesion. 

3: Optimising the conditions under which deposition is initiated 
It is essential to ensure that the artefact is introduced to the electroplating 
solution "live". Setting up an electrical potential (voltage) in the circuit 
will promote spontaneous electrodeposition and superior adhesion, whilst 
preventing: 

(i) The formation of poorly adherent and weak immersion deposits. 
(ii) The freshly metallized surface of the glass being dissolved and 

eroded away by the electroplating solution. This would adversely 
affect the conductivity of the metallizing media and impair the 
quality and durability of the resulting bond. 

4: Minimising stress within deposits 
The profound affects stress has upon adhesion have been illustrated and 
documented in Section 1. As previously stated, it will only be possible to 
produce tenaciously adherent films on glass if the metal is electrodeposited 
in a low state of stress. This in turn relies upon the employment of: 

(i) An appropriate electroplating solution. 
(ii) Optimum operating conditions: This implies using solutions 

which operate at near ambient temperatures. It is also important 
to avoid excessive agitation and to use very low current densities 
(e. g.: 0.5 - 1.0 A/dm2 (5 - 10 Asf) for an acid copper sulphate 
electroplating solution). 

(iii) A pure, clean, well balanced electroplating solution. Carefully, 
well maintained solutions are more likely to reciprocate deposits 
of superior quality and greater adherence. 
N. B.: In circumstances where the most obvious sources of poor 
adhesion have been vindicated and the problem persists, the 
electroplating solution must be regarded as the main culprit. The 
analysis and purification of the solution should prove particularly 
useful both in identifying the source of the contamination and in 
resolving the problem. 

Sustaining long-term adhesion in electrodepositing metals onto glass 
Where suitable procedures have been implemented to ensure that adhesion 
has been maximised, the resulting bond should be of a sufficient strength 
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and durability to withstand long term serviceability, regardless of whether 
the object is intended for practical or decorative applications. 

Nevertheless, incidences have been reported which indicate that a loss 

of adhesion has been experienced (between the electrodeposited metal and 
glass) when artefacts have been exposed to specific environments. In 
particular, it has been claimed that by directly exposing artefacts to 
sunlight on a hot summers day, sudden changes in temperature are brought 
about which result in a difference in the co-efficient of expansion of the 
metal and the glass, causing peeling, poor adhesion and subsequent 
exfoliation and detachment of the electrodeposited metal film. Since it has 
not been possible to investigate or substantiate these claims, it can only be 
assumed that the original metal to glass bond was inherently weak and 
ineffective, rendering it more susceptible to this premature and rapid 
deterioration. It must be acknowledged that electrodeposited film substrate 
relationships are not stable once deposition has ended. However, whilst 
temperature can be regarded as an influential factor upon the bonding 
properties of a deposit, adhesion is generally believed to improve with 
ageing. 

Section 3: Testing Adhesion 

The A/C can implement various test procedures to evaluate and compare 
the level of bonding which can be achieved between electrodeposited 
metal and glass substrates. Techniques of testing adhesion are usually 
quantitative or qualitative in nature. The latter of these can be conducted 
very simply, and is therefore recommended for use by the A/C in carrying 
out routine inspections. These procedures include the `Peel Test' 
(commonly referred to as the `Jacquet Test') and the `Scotch Tape test'. 
Whilst these tests are not scientifically proven or highly accurate they do 
provide a perfectly adequate method of evaluating comparative bonding 
qualities. They can be used to determine whether the electrodeposited 
glass is sufficiently durable to withstand long-term use within the context 
of its intended application, or whether the deposit is likely to fail and 
become detached. Several versions of these tests are documented in 
literature. However, the basic methods of administering them are outlined 
below. 

It is important to remember that these procedures are destructive, and 
will disfigure or damage the sample being tested therefore they should not 
be performed on the A/C prized artefacts, but on specially designed test 
panels. When conducting these experiments it is essential ensure that all 
comparative test pieces are subjected to the same control conditions, that is 
prepared and electrodeposited using strictly comparable operating 
conditions and procedures - (e. g. same current density, temperature, 
plating duration, etc). This is crucial if any meaningful conclusions are to 
be drawn from the results. 

The Peel Test 
This procedure involves electrodepositing metal on to a single flat sheet of 
window glass, which has been prepared using appropriate roughening, 
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cleansing, and metallization procedures. The electrodeposited metal should 
be approximately 37.5µm (1.5 thou) thick, and at one end deliberately 

overlap on to the polished surface of the window glass. On completion of 
the deposition process, this portion/lip of the metal (which is non- 
adherent), provides a suitable lever for testing the adhesion and strength of 
the deposit. 

To test the strength of the bond, (Fig. 6/12) the metal lip is simply 
gripped and physical force is applied at a 90° angle in an attempt to peel or 
strip the electrodeposited coating away from the substrate surface. Any 

exfoliation, peeling, flaking, or lifting of the deposit indicates less than 
perfect adhesion. The amount of force exerted in stripping the metal from 

the glass can be used to assess the level of adhesion present. True adhesion 
is present if the bond between the electrodeposited metal and glass is 

greater than the strength of either one. Scientific equipment is available to 
accurately measure the force (in pounds per inch) required to strip the 
metal. However, the A/C must rely upon his own personal discretion and 
judgement to analyse the ease or difficulty with which this occurs. Whilst 
the results are dubious because they are open to personal interpretation, 
(i. e. the assessments made by one individual cannot be easily compared 
with those made by another) this method is suitable for comparing 
bonding/adhesion properties, and for determining the practical limitations 

of the process in relationship to specific technical and creative 
applications. 
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Fig. 6/12. Diagram of the Jacquet/Peel Test. Employed to measure the level 
of adhesion present in a sample of electrodeposited window glass 

(Source: Based on a diagram by Blum & Hogaboom, 1949, p. 132) 
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This empirical experimentation can be used by the A/C, to assess: 
the effectiveness of different roughening/cleansing procedures in 

promoting or undermining adhesion-, 
the level of adhesion derived from using different metallizing media; 
the effect of various operating conditions (e. g. high/low current 
density, agitation. and temperature) upon the bonding properties of a 
deposit; 
the level of adhesion derived from using different electroplating 

solutions. 

The Scotch Tape Test 
This method of testing adhesion depends upon a similar principle and 
procedure to the 'Peel Test'. Metal is electrodeposited on to a sample of 
prepared window glass. Again all test procedures must be conducted under 
strictly comparable control conditions. On completion, sticky tape is 
firmly applied to the electrodeposited coating (Fig. 6/13). This is then 

gently peeled away from the surface, and observations are recorded, which 
document the extent to which the metal adheres or becomes detached and 
peels away from the surface of the glass. Again the process relies upon 
personal interpretation to comparatively analyse and assess the physical 
effort required to remove the metal film. 

(Source: Based on a diagram by Pulker 1984, p. 80) 

Research to assess the feasibility of obtaining strong adhesion in 

electrodepositing metal on to glass 
Within the context of this project, research was undertaken to investigate 
the possibility of obtaining strong adhesion between the metal and the 
glass without recourse to encapsulation. In an attempt to obtain this true 
adhesion, defined as an independent and tenacious bonding, methods of 
making the glass conductive known as metallizing procedures were 
examined. These are fundamentally important in obtaining good adhesion, 
and are an essential precursor to initiating and promoting successful 
electrodeposition. 

A series of samples were produced. These were then subjected to the 
`Peel Test' to assess the adhesion reciprocated. Test procedures focused 

Fig. 6/13. Diagram of the Scotch Tape Test 
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around the electrodeposition of copper on to glass from a proprietary 
electroplating solution, - Canning's `Cuprasol Mk 5'. The samples were 
produced within a predetermined set of control conditions. They were all 
prepared on identical microscope slides, these were lightly sandblasted, 
meticulously cleansed and metallized using a variety of different 

conductive media. Electrodeposition occurred at a current density of 1.0 
A/dm2 (10 Asf) for a duration of 2 hours and 35 minutes depositing a thin 
film of metal (38µm - 1.5 thou thick) on to each sample. Throughout the 
entire deposition procedure the electroplating solution was constantly 
maintained at an optimum temperature of 23°C (74°F), and mild 
mechanical agitation was employed. 

On extraction from the electroplating solution, the samples were 
thoroughly rinsed in tepid water, air dried, and then subjected to the Peel 
Test, using the procedure outlined above. Physical pressure was applied in 
the documented manner to test the strength of the glass to metal bond. Any 
lifting or exfoliation of the deposit was indicative of less than perfect 
adhesion. Genuine adhesion was considered to be present if the bond 
between the metal and the glass was greater than the strength of either one. 

Results 
Throughout the testing procedure, the degree of adhesion obtained from 

using comparable techniques was recorded and analysed to enable a series 
of preferred metallization procedures to evolve. The results of the tests are 
presented in Table 6/5 (Chapter 6B). This identifies the metallizing media 
which are most highly recommended for use by A/C. These have been 
selected on the basis of their superior bonding qualities, ease of 
application, and practicability within the small-scale studio environment. 
The results also highlight the various advantages, disadvantages, and 
limitations of each method. It is hoped that this information will not only 
assist the A/C in selecting a suitable metallizing media, but will also act as 
a springboard for experimentation which will be directed towards 
identifying new techniques of promoting adhesion in electrodepositing 
metals on to glass. 

The empirical tests investigated the level of adhesion reciprocated 
from using different metallizing agents. Although the results varied 
significantly almost all of the metallising media tested (with one or two 
exceptions) were found to engender deposits with dubious or negligible 
bonding properties. This effectively confirms that the process of 
electrodepositing metal on to glass relies emphatically upon the principle 
of encapsulation as an alternative to true adhesion. This is an important 
conclusion to this research, which must be taken into consideration by A/C 
wishing to exploit the process. 
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Chapter 7 

Decorative Effects 
Introduction 

The electrodeposition process has a flexibility of approach which renders it 
capable of producing a vast portfolio of aesthetic and decorative effects. The 
techniques and samples generated in this research, have emerged as a direct 
result of practical and empirical experimentation. They have evolved out of a 
desire to nurture creative effects, and have been identified through a process 
of personal preference and creative selection. The techniques record a 
journey of discovery, which has been enriched through the ad hoc fusion of 
practical observation, inspiration and accident. In particular, play and error 
have given rise to some unexpected results, which have been crucial in 

redefining the scope for generating further aesthetic effects. Through a 
research process of carefully evaluating results, fostering disparate ideas and 
distorting previously identified concepts and practices, it has been possible 
to continually redefine the boundaries of the process to encompass an ever 
increasing range of decorative / aesthetic effects. The resulting techniques, 
which demonstrate a premeditated control over textural and tactile surface 
qualities, are advocated for practical exploitation by the A/C practitioner. 

In pursuing this research sophisticated technologies have been 
borrowed and combined with traditional craft based activities to further 
enhance the potential for discovering new decorative effects. Frequently, 
this has involved manipulating the process to yield metal deposits which 
bear characteristics conventionally deemed unacceptable or unsuccessful 
within the technical remits of an industrial scenario, but which are 
nevertheless visually stimulating and alluring to the A/C practitioner. 

Every effort has been made to present and illustrate the information 
contained within this chapter in a simple, accessible format for direct 
practical exploitation by the A/C. For this reason the chapter has been 
divided into three main sections. Section A focuses upon techniques of 
generating textural and tactile surface qualities using the process of 
electrodepositing metals onto glass. Within this section, each technique has 
been organised and broken down to follow a predetermined format, which 
describes the various stages of the process. Although, these may vary 
slightly in title allocation they are generally denoted as follows; 1. The 
principle; 2. Surface preparation; 3. Metallization; 4. Electrodeposition; and 
5. Post treatments. Furthermore, where these stages have been subdivided 
into a practical methodology, each procedure has been clearly labelled (using 
roman numerals) to assist the A/C in interpreting and following the 
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instructions. Where applicable this may be interspersed with additional 
information and recommendations. (However, to avoid continually 
repeating procedures which are applicable to most of the techniques, 
reference has been made to information held within the appendices). Section 
B relates to colouring techniques, which can either be achieved as a result of 
the electrodeposition process or through a post treatment. Finally, Section C 
examines techniques of finishing and preserving the effects created in 
Sections A and B. Methods of protecting the surfaces against tarnishing and 
oxidation are especially important for A/C designing and producing 
decorative artefacts destined for commercial or small scale studio 
production. 

It is hoped that this chapter will excite and captivate the imagination of 
A/C, by highlighting those attributes of the process which can be capitalised 
upon for decorative / creative effect. However, this only represents a 
starting point. The spirit of this research must be harnessed and taken 
forward by the freshly inspired curiosity, innovation, enterprise and 
enthusiastic zest of future generations of A/C so that it becomes possible to 
further challenge and extend the boundaries of the process. Fundamentally, 
this can only be achieved through a process of practical / empirical 
experimentation and by adopting an open minded approach to using 
transferable technologies. Only then will A/C be able to formulate a new 
vocabulary of creative expression and broadened the horizons of the 
technique to reveal an infinitely new and exciting range of possibilities. 

Section A: Creating Textural and Tactile Surface 
Qualities 

Technique No. 1: Incorporating texture in to the surface of the glass 
Refer to Sample Nos. 115 and 59 to 63 

This simple and effective method replicates with exact precision, every detail 
of the underlying surface, upon which the metal is deposited. (Naturally, 
any imperfections present in the surface of the glass will also be exaggerated 
during subsequent electrodeposition). 

1. Principle 
The technique centres around methods of introducing texture and pattern 
into the surface of the glass. These effects are then facsimiled during 
subsequent electrodeposition to produce a range of delicate / sensitive or 
conversely bold ornamentation. The process is particularly suitable for 
reproducing embossed effects, intaglio patterns and tactile surface qualities. 
2. Surface preparation 
(i) Engendering texture: Textural qualities may be incorporated into the 

body or surface of the glass using a range of methods. Examples of 
principle techniques include: - 

Sandblasting 
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This process is simple, rapid, and highly effective. Skill is required to carry 
out the stencil cutting and control the depth of the sandblasting. The process 
employs compressed air to blast grit (conventionally aluminium oxide or 
glass beads) onto the substrate's surface. This erodes the exposed surfaces 
of the glass to produce a smooth or contrastingly rough surface quality 
depending upon the fineness of grit. To prepare the glass a range of resist / 
stencil materials such as draughtsman's tape, glue, buttercut or fabricated 
screens, are cut in appropriate design configurations/patterns and adhered to 
the surface to selectively protect and shield areas of the glass from the 
abrasive cutting action of the grit. By interspersing stencilled images with 
different resist media a variety of raised patterns and textural / tactile effects 
of contrasting depths can be achieved (Sample No. 115). 

Alternatively, soft, undulating, irregular surfaces can be formed by 
directing the blast in a random fashion to evolve channels and recesses 
independently of a masking medium. 

Acid etching 
This involves chemically dissolving the surface of the glass. Etching 
solutions tend to be based upon hydrofluoric acid. (Typical formulations are 
referred to in Chapter 6A) Employed in conjunction with a suitable masking 
medium these solutions can be used to evoke relief and slightly depressed 
surface patterns. Areas of the glass which are to be preserved are protected 
using specially formulated resists. Alternatively, wax can be applied and 
mark making implements can be used to draw back into the surface to depict 
lines, figures and abstract patterns. Brunswick black, resin or gutta-percha 
type formulations can also be painted, daubed or sponged onto the surface 
to perform this function. 

Hydrofluoric acid in the form of a matte paste or solution can then be 
applied to the exposed surface of the glass to produce subtle designs, 
bearing a frosted / matte surface sheen. Where a consistently uniform bite or 
etch is required, it is essential to ensure that the glass plate is perfectly level 
and the acid is of a uniform depth across the entire surface. Care must also 
be taken to avoid prolonged exposure to the acid, which may result in a 
breakdown of the resist medium causing a smudging or obliteration of the 
intended design. Regular observation to monitor the progress of the etching 
procedure, together with the repeated application of resist media, and 
intermittent mopping of the surface with cotton wool buds (to remove 
sediment), is therefore essential. By regulating the exposure time and 
strength of the etching mordant it is possible to predetermine and control the 
tone and depth of the resulting etch. However, it should be noted that 
etching will generally have a much subtler effect than sandblasting. 

Once a sufficient bite has been obtained the etching solution / paste can 
be disposed of (as referred to below) and the glass thoroughly rinsed in 
water to remove all residual traces of acid. The resists can then be removed 
using the procedures referred to in Section 1 of the Appendix. A particularly 
interesting and diverse range of effects can be achieved by partially etching 
away the coloured veneer of "flashed glass". 
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Historical records indicate that the scope and potential exists for 

exploiting a diverse range of resist media. Further examples are referred to 
in Section 2 of the Appendix. 

Note: Hydrofluoric acid is extremely dangerous and emits obnoxious 
fumes. The corrosive nature of this chemical makes it difficult to contain. 
For this reason it should be stored in securely stoppered, acid resistant 
bottles. Skin contact MUST be avoided and protective clothing, footwear, 

goggles and gloves should be worn at all times. All residual chemicals and 
etching effluents must be disposed of through a professional company. 
Further information regarding health and safety procedures is referred to in 
Section 1 of the Appendix to Chapter 4C. 

Engraving and cutting 
This cold process employs carborundum / diamond wheels to incise intaglio 

patterns and designs into the surface of the glass. These wheels vary in size 
according to the width and depth of the cut. 

Hot processes 
Tactile and textural qualities which are engendered, or already present in the 
surface of the glass artefact itself, can then be replicated and emphasised 
through subsequent electrodeposition. For example, "kiln" casting 
techniques can be employed to produce a sophisticated range of textural 
inclusions. Similarly, "centrifuged" or "pressed" glass is equally amenable 
to receiving patterned surface textures and impressions through the 
employment of suitable mould preparations, whereas blown glass can be 
fluted using optical moulds or trails (Sample Nos. 59,60 and 63), and 
textured using metal powder (Sample No. 62), or silver sand (Sample Nos. 
64 and 65). 

Surface roughening procedures are advantageous, where an irregular 

surface has not emerged as a direct consequence of the creative process. In 

particular sandblasting will reciprocate good adhesion during subsequent 
electrodeposition. Only in circumstances where the artefact is to receive an 
encapsulating film of electrodeposited metal can the need for surface 
abrasion be relinquished. 
(ii) Jig / attach the electrode wires to the surface of the artefact. These 

should be strategically positioned, to support the weight of the piece 
during the electroplating process and to promote a rapid and uniform 
surface coverage of electrodeposited metal. 

(iii) Cleanse the surface of the artefact to promote the formation of a 
strongly adherent deposit. Recommended procedures are referred in 
Section 3A of the Appendix. 

3. Metallization 
Reference should be made to Section 4 of the Appendix. Sensitisers 
recommended for use include Nos.: 2/3/5 and 6. Sensitising procedure No: 
9 may be appropriate for exploitation in conjunction with hot processes 
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(outlined above) to roughen the glass and create an interesting surface 
texture. 

4. Electrodeposition 
Only a relatively thin film of metal will be required to replicate the 
underlying surface texture and pattern. 

The artefact should be introduced to the electroplating solution using the 
procedure referred to in Section 3B of Appendix. The glass will only need 
to undergo electrodeposition for a relatively short period of time. For 

example, by employing an acid copper sulphate electroplating solution at a 
current density of 1.0 Amp/dm2 (10 Asf) it will be possible to deposit 
0.001" of metal in 1 hour and 20 minutes. 

5. Post treatment 
On completion of the deposition process remove the artefact from the 
electroplating solution using the procedure referred to in Section 5 of the 
Appendix. 

6. Additional note 
The principles behind this technique can be transferred and applied to other 
materials. Clay can be modelled and sculpted to create interesting surface 
textures. Ceramic ware must then be biscuit fired and treated with `Covolac' 
to render it impervious to the plating solution prior to the metallization and 
electrodeposition. The potential/possibilities for using this procedure are 
highlighted in Sample No. 146. 

Preliminary notes on Technique Nos. 2&3 
These techniques can be employed to fabricate layers and contrasting depths 
of embossed metal. Resist media are an essential prerequisite to both 
processes. These are applied to a foundation layer of electrodeposited metal 
which is already present on the surface of the glass. The resists perform the 
role of shielding the underlying surface. However, as indicated below these 
can give rise to very different effects depending upon whether an addition 
process (Technique No 2) or reduction process (Technique No 3) is 
adopted. In the first technique laminates and selected areas of protruding 
metal are selectively grown through the process of electrodeposition to 
create an embossed effect. This is in comparison to the latter process, which 
enables recessed intaglio patterns to be formed by exposing the unprotected 
areas of electrodeposited metal to an etching solution or engraving 
procedure. 

Technique No. 2: Fabricating raised/embossed surface patterns 
Refer to Sample No: 118 

1. Principle 
In this technique the function of the resist medium is to render selected areas 
of the electrodeposited metal non-conductive. These are insulated and 
afforded protection from deposition (during subsequent immersions in the 
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electroplating solution), whilst in contrast the exposed areas receive a further 
build up of metal. The resist media therefore control the process by 
selectively predetermining which surface areas are available for subsequent 
electrodeposition. Furthermore resists can be applied or conversely removed 
at intermediary stages of the plating operation to define ridges and lines, and 
demarcate patterns or texture through the application of subsequent layers of 
embossed and laminated metal. 

2. Surface Preparation 
(i) The glass must receive a preliminary coating of electrodeposited metal, 

before commencing. Directions are referred to in Section 3A and 3B of 
the Appendix. This can be relatively thin, since its role is to provide a 
foundation for the growth of consecutive layers of electrodeposited 
metal. 

(ii) Cleanse and purify the existing layer of electrodeposited metal using the 
procedure referred to in Section 6 of Appendix. This is crucial as 
poorly/ inadequately cleansed surfaces will induce poor adhesion, and 
result in consecutive layers of electrodeposited metal peeling and lifting 
away from the substrate surface. This preparatory procedure must be 
repeated between each intervening stage of the electroplating process. 

(iii) The masking agent can now be applied to the surface of the 
electrodeposited glass. To adhere tenaciously, the electroplated surface 
must be scrupulously clean and dry. The resist medium (also referred to 
as the "stropping off compound") will play a significant role in 
determining the characteristics of the resulting effect. Regardless of its 
composition the resist must be able of withstanding 

the temperature and 
the highly caustic / corrosive nature of the electroplating solution. 
Once the resist medium has been applied it is important to avoid 
handling the artefact since finger greases will inhibit subsequent 
deposition. 

Recommended resists include: 

Wax 
Pure petroleum wax is an ideal stopping off medium. Prior to use the wax 
should be heated slightly above its melting point to form a warm liquid. On 
application it will adhere tenaciously to the metal. This may be promoted by 
gently warming the surface of the electrodeposited glass. The wax can be 
applied by flicking, brushing, drawing or dipping. A pointed stylus or 
comparable implement can then be used to draw / chase into the wax film 
and scribe fine linear patterns and designs. By introducing the artefact to an 
electroplating solution these exposed areas can then be electrodeposited to 
create raised strata and elaborately textured veneers. In effect by repeating 
the procedures of applying wax and electroplating, an intricate range of 
surface patterns can be evolved. 
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Lacquers 
Proprietary plating lacquers which have been designed as stopping off 
compounds are now commercially available. Cannings for example, market 
a product called "Covolac" whilst Michigan's Chrome Co. manufacture 
"Micropeel" specifically for this purpose. Lacquers are viscous in nature 
however, they may be diluted to a more desirable consistency using special 
thinning agents which are also advocated for cleansing paint brush's / spray 
guns employed in applying the medium. Vinyl lacquers offer a particular 
advantage where the temperature of the electroplating solution is too high to 
allow other resists (such as wax) to be used. Transparent lacquers are 
frequently impregnated with colour to make them more visible. Usually 
several layers are applied. These must be left to harden at room temperature, 
prior to subsequent electrodeposition. 

Varnish 
Copal varnishes (which are typically chrome coloured) successfully inhibit 
electrodeposition. Alternatively, where acid based electroplating solutions 
are employed an asphaltum varnish (obtainable from any reputable DIY 
store) or a mixture of asphaltum dissolved in benzene may also be used. 
However, these resists are not suitable where the artefact is to be 
introduced, or exposed to a cyanide based electroplating solution. Varnishes 
generally require lengthy drying periods. 

An alternative possibility is to formulate home-made resists. These can 
be adjusted to meet the individual's requirements. A typical resist may be 

prepared by heating and mixing together an amalgamation of 4 parts 
beeswax, 12 parts paraffin and 2/3 parts rosin/shellac. 

Plating tape /Draughtsman's tape 
This resist medium will adhere tenaciously provided the electrodeposited 
surface is clean, and more significantly dry. It is advisable when stopping 
off a surface in this manner to extracting the piece from the electroplating 
solution and dry it thoroughly under a jet of hot air - e. g. hair / hand dryer. 
This will enable any moisture or damp to evaporate and eliminate the 
potential for poor adhesion. 

Hand pressure is usually adequate to securely adhere the tape to the 
electrodeposited surface. This can be stretched, wrapped and wound tightly 
around the form. The required design can then be cut into the surface and 
the tape selectively peeled away to reveal a pattern delineating those areas 
which are to receive a further build up of metal. A richly embossed pattern 
or relief can be formed by repeatedly exposing the artefact to masking and 
electrodeposition procedures. 

Rubber resists 
Throughout history, gutta-percha was frequently exploited as a rubber resist 
medium. In most instances this was transferred to the electrodeposited 
surface using printing processes. Over recent years these resists have largely 
been superseded by commercially available proprietary products. Of 
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particular notoriety "Kodak" manufacture and market "negative resists", 
which though not directly intended for this purpose, are suitable for use in 

electroplating scenarios. An exemplary photo-resist is Kodak's "KPR". 
"Reprochem" also manufacture a similar product known as "Repropak RP. 
972/5 - Blue". 

Masks /Screens /Stencil plates 
Masks positioned in direct or close proximity to the electrodeposited glass 
will shield the surface by juxtaposing an insulating material between the 
anode and the cathode. This will divert metal deposition on to selected / 
predetermined areas. The screens which frequently take the form of carved 
plastic sheets, or ebonite plates perforated with decorative designs, must be 
made of a material which is not readily dissolved by the electroplating 
solution. These are temporarily attached to the substrate surface for the 
duration of the plating process using plastic clips. 

(iv) Jig / attach electrode wires to the surface of the artefact. These should 
be strategically positioned to support the weight of the piece during the 
electroplating process and to promote a rapid and uniform surface 
coverage of electrodeposited metal. 

(v) Cleanse the surface of the artefact using the procedure referred to in 
Section 6 of the Appendix. 

3. Metallization 
Metallization is unnecessary, as the exposed areas of the artefact have 
already received an electrodeposited metal film and are therefore conductive. 

4. Electrodeposition 
The piece should be reintroduced to the electroplating solution using the 
procedure referred to in Section 3B of Appendix. It is essential to remember 
that each time a resist medium is applied, the surface available to subsequent 
electrodeposition will diminish and a the new / reduced surface area will 
need to be calculated to work out the correct current density. The artefact 
should be electroplated at a very low current density over an extended length 
of time; (several hours) to produce a strongly adherent smooth, and very 
uniform build up of metal. (Note: Whilst a high current density will increase 
the speed at which metal is deposited it will also induce stress and in excess 
result in poor adhesion) This will produce textured and patterned areas of 
greater clarity and definition. 

5. Post treatment 
Extract the artefact from the electroplating solution using the procedure 
referred to in Section 5 of the Appendix. Stages Nos. 2. (ii) to 4 should be 
repeated to achieve the desired level of embossing. 

On completion the resist medium can be eliminated from the surface to 
reveal a rich repousse effect of electrodeposited metal (suitable procedures 
are referred to in Section 1 of the Appendix). Cleanse the metal. To retain a 
bright finish apply a film of lacquer or wax. 
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Technique No. 3: Fabricating intaglio / engraved surface patterns 

Refer to Sample No: 122 

1. Principle 
In this technique the resist is applied to the electrodeposited metal to render 
selected surface areas impervious to subsequent etching procedures. 
Exposed areas of metal are then bitten and eroded to produce depressed 
furrows, and incisions which will contrast sharply with the areas of relief 
protected beneath the resist medium. The resulting design configurations 
and textures will display clearly defined contours, and be particularly 
suitable for producing very intricate, subtle and delicate effects. 

2. Surface preparation 
(i) An initial coating of electrodeposited metal is applied to the glass 

substrate. To enable this process to be exploited successfully a 
considerable thickness of metal will need to be deposited, before 
proceeding to the next stage of the process. This is crucial to allow 
recessed patterns of any depth to be created, and to avoid over etching 
the metal, which would compromise the adhesion of the glass-to-metal 
bond and reveal the underlying glass substrate. To produce this 
foundation layer of electrodeposited metal follow the procedure referred 
to in Section 3A and 3B of the Appendix. 

(ii) Cleansing the metal: To enable the resist medium to adhere with 
sufficient tenacity, the electrodeposited metal surface must be 
scrupulously clean and dry. Suitable cleaning procedures are referred to 
in Section 6 of the Appendix. The cleaning cycle selected for use must 
reflect the properties and characteristics of the base metal. 

(iii) The resist medium can now be applied to the metal surface. The nature 
of the resist will have a profound effect upon the type of aesthetic 
qualities and visual effects produced. Above all the resist must be 
" impervious to the highly corrosive and frequently acidic nature of the 

etching mordant 
capable of yielding protection over an extended period of time. 

Although, resist media such as hot beeswax, commercial asphaltum varnish 
and masking tapes are frequently employed and worth experimenting with, 
they are not recommended for use. These resist media are crude and 
problematic in so far as they create difficulties during etching, which 
necessitate retouching and repairing procedures. Furthermore, they 
frequently yield rough, poorly defined edges and result in etchings of an 
inconsistent depth. A resist medium known to the printing trade as 
"asphaltum plus" or hard ground, is therefore advocated as a simple, 
effective and economically viable means of achieving satisfactory results 
without having to sacrifice the over all quality of the etch. 

Asphaltum plus comprises of an amalgamation of 6 parts (liquid) 
asphaltum to provide acid resistance, 3 parts wax to permit elasticity in 
application and 2 parts rosin to instil good adhesion properties. This 
"medium" can either be purchased as a proprietary product, or alternatively 
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it can be formulated using the procedure delineated in Section 7 of the 
Appendix. Once melted the resist medium can be drawn, painted, sponged, 

or spread as a uniform layer across the electrodeposited surface. On drying 

implements can then be used to score, scratch and sketch back through the 

resist to expose the metal channels to be etched. More sophisticated 
techniques of applying resist media, including silk screening or photosilk 
screening can also be adopted to produce a good, crisp definition where it is 

necessary for complex, intricate designs to be repeated with precision. 
(templates can be used in a similar manner). This process is applicable to 3D 

and 2D forms. It is essential that the ashphaltum ground is applied to all 
surfaces of the object which are not intended for etching including 

electrodeposited metal films on the reverse, back and sides of an object. As 

the ashphaltum cools it will become stiff and harden to give strength, 
resistance and durability. (Where the resist has been applied inappropriately 

a cloth saturated in turpentine can be used to dissolve the freshly applied 
resist medium allowing the A/C to start again). 

(iv) Recleansing the metal surface: Exposed areas of metal can be cleansed 
using a paste comprising of chalk and water. This may be used in 

conjunction with a 3% solution of caustic soda or a drop of ammonia. 
The metal should then be rinsed and briefly immersed in a weak 
solution of 10% sulphuric acid, before being rinsed again. Where it is 

not possible to transfer the artefact to the etching mordant immediately, 
it should be submerged in water until required for use. 

3. Procedure 
This procedure requires skill and judgement which can only be gained 
through experience and practical experimentation. The process is never 
entirely predictable (because many variables are involved). However, the 

quality of the etch yielded will largely be dependent upon the meticulous and 
careful preparation of the piece, the effectiveness of the resist medium and 
the strength and speed of the etching solution / mordant. Despite the 
inconvenience, a slow etching procedure is usually beneficial in enabling a 
more controlled and uniform etch to be achieved. However, from experience 
the etching of the metal is likely to occur at an accelerated rate in small 
confined surface areas and at a slower rate where larger, smoother expanses 
of metal are present. The chemical composition of the etching mordant will 
vary depending upon the metal being treated. Furthermore, the strength of 
the solution is likely to fluctuate over time, frequently becoming more 
concentrated and corrosive as the metal residues evolved during use become 

absorbed into the ageing mordant. Higher solution temperatures will also 
accelerate the action of acid. Suitable etching mordants / formulations are 
referred to in Section 8 of the Appendix. 

4. Etching 
Wearing protective clothing and taking care to avoid splashes submerge the 
resisted artefact in the mordant. Flat two dimensional objects should be 
supported in a level position throughout the immersion process, possible on 
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an elevated rack to allow free circulation of the etching solution. Mild 
aeration may also assist in agitating the solution. Three dimensional objects 
require additional care, and should be supported away from the base of the 
vat, and immersed beneath at least 3 `/i - 4cm (1'/2 inches) of free etching 
solution. 

As etching proceeds and the metal dissolves, effervescing will occur 
and gases will be evolved at the surface. These must be dislodged and 
released to allow an even etch or "bite" to occur. A feather is typically used 
to lightly brush the sediment and air bubbles away from the surface and 
avoid scratching or damaging the resist. To control the etching process a 
schedule of, regularly rotating and moving the piece must be adopted to 
ensure the etch is occurring uniformly and the resist is preserved in a good 
condition. Care must also be taken to avoid over etching which may result in 
large undercuts forming beneath resisted areas. The procedure will typically 
take 6- 10 hours depending upon the depth of etch required. By 
intermittently extracting the artefact from the etching solution (repeating 
stages 2(ii) to 4) and either applying or subtracting the resists at different 
stages of the process a varied and subtle range of embossed effects can be 
created through the juxtaposition of different layers of metal. 

S. Post treatment 
Once the etching process has been successfully completed the artefact 
should be extracted from the mordant and liberally flooded with a strong jet 
of running water. 

To stop / neutralise the insidious and corrosive action of the etchant the 
artefact should be scrubbed, immersed and then soaked for 1-2 hours 
(etched side up) in an alkali solution of neat ammonia. (Where ammonia is 
unavailable baking soda will suffice. ) To avoid fume inhalation or any loss 
in the strength of the ammonia, the solution should be covered with a lid. 
(When the ammonia turns blue it should be discarded and replaced with a 
fresh supply). The ammonia will seep beneath the resist, which should 
relinquish its hold and simply flake / peel away from the surface. If 
necessary the metal can be lightly scrubbed with a nylon toothbrush coated 
in pumice. A scouring action of small rotational movements should be 
sufficient to remove any etching residues still residing on the surface. 

Finally, the artefact should be rinsed in water before being soaked in 
either alcohol or acetone. This can be then be dried immediately under a jet 
of warm air to avoid tarnishing. If desirable the surface can be sealed with 
lacquer or wax. 

Sample No. 122 was electrodeposited, etched and then overplated in 
selected areas to achieve this effect. 
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Technique No. 4: Creating electroformed structures 

Refer to Sample No: 116 

1. Principle 
This procedure harnesses a commercial process and exploits it for creative 
purposes in a manner never envisaged or considered possible by industry. 
Electroforming procedures are conventionally used in isolation to fabricate 
independent metal structures/forms, as illustrated in Sample Nos. 84 and 
100a/b. However, the factor which takes this process forward in a new, 
unique and hither to unexplored direction is that in principle it employs a 
combination of electroforming and electrodeposition procedures to sculpt 
hollow metal shells and skeletons which interconnect and weave with the 
base metal to produce an ornately pierced three dimensional cage-work. The 
sophisticated and intricate labyrinth of electroformed metal is formed and 
grown over an expendable mandrel, which is subsequently eliminated to 
create a free standing, hollow and light weight form. 

Although a few technical limitations exist, an enormous number of 
surface effects can be realised. These are generic to the process and are not 
achievable by any other metal working technique. Patience, imagination and 
time are crucial to producing this effect. (Several successive plating 
operations may be necessary depending upon the complexity of the final 
effect. In each instance the electroformed metal must be of a sufficient 
thickness and density to allow the electroform to emerge as an independent 
and self supporting metal structure). 

2. Surface preparation 
(i) The glass substrate must first be coated with an adherent and durable 

coating of electrodeposited metal. (Follow the procedures referred to in 
Sections 3A, 3B and 4 of the Appendix). This will form a foundation 
for generating the effect. 
Note: The textural effects and final appearance of the electroformed 
metal will reflect the unique properties and characteristics of the mandrel 
material. Since the mandrel material is withdrawn and separated from 
the electroform after deposition is complete, it must be composed of a 
material which can easily be eliminated, so that after evacuation the 
electroform can exist as an independent structure. Suitable master 
materials include beeswax, Plaster of Paris and gutta-percha. The 
following explanation will focus upon employing wax. However, in 
principle this procedure can be adopted for use (with minor 
modifications) with any of the mandrel materials outlined above. The 
basic procedure may be delineated as follows: 

(ii) Prepare a series of thin wax sheets bearing texturally embellished 
surfaces. These can be formed by pouring melted beeswax onto clay 
moulds which have been superimposed with tactile surface impressions 
(e. g. from pressed leaves). (Alternatively, very thin sheets of plaster 
can be formed from previously prepared vinamoulds, although by 
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nature these will be more fragile and less flexible than wax). On cooling 
extract the wax mandrels - clay lodged or trapped in more intricate areas 
can be irrigated using a conventional spray gun to direct a pressurised 
jet of water onto the surface of the piece. It is important to avoid 
handling the wax more than is absolutely necessary as this will hinder 
future deposition. Leave the wax to dry. 

(iii) Taking the previously electrodeposited artefact arrange sections of the 
wax sheet, textured side up on the metal surface. The wax should be 
soft and thin enabling the A/C to manipulate and distort it into 
undulating curves and configurations. These contours should be kept 
fairly shallow in depth in order to avoid uneven deposition (an 
excessive build up of metal on high/ protruding areas and deprivation of 
metal in the recessed areas which would weaken the electroformed 
structure). Having arranged the waxes in an aesthetically pleasing 
manner they should be adhered where they come into contact with the 
foundation coating of electrodeposited metal using small additions of 
warmed / liquid wax. Care should be taken to blend and merge the wax 
with the surface of the metal as discreetly as possible, so that once the 
electroformed cage-work is formed it becomes absorbed, and coalesces 
with the existing metal surface. 

(iv) Jig / attach electrode wires to the surface of the artefact. These should 
positioned strategically, to support the weight of the piece during the 
electroplating process and to promote a rapid and uniform surface 
coverage of electrodeposited metal. 

(v) Acid dip the electrodeposited glass substrate (intact with wax 
appendages) using the procedure referred to in Section 6 of the 
Appendix. This will cleanse the metal in preparation for receiving an 
adherent deposit of metal. Rinse thoroughly and dry under warm air 
taking care to avoid distorting / melting the wax. 

3. Metallization 
Selectively metallize those areas of the wax which are to receive a film of 
electrodeposited metal. By controlling the method of applying the sensitising 
agent, either a perforated framework or a completely continuous sheet of 
metal can be fabricated. The textural and tactile qualities of the wax will be 
replicated during subsequent electrodeposition. Several metallized contact 
points must be made between the wax and the base metal to ensure that a 
continuous conductive surface is formed. This will enable the resulting 
cage-work to grow and interlock with the existing areas of electrodeposited 
glass. 

Sensitising media which can be applied discreetly, without obliterating 
the sensitive surface detail of the mandrel are recommended for use. Due to 
the hydrophobic nature of wax difficulty may be experienced where 
chemically reduced films of silver are sprayed onto the surface. 
Furthermore, whilst conductive silver aquadags will suffice, the simplest, 
most effective, and cheapest method is to use graphite. The main advantage 
of this approach is that graphite has a natural affinity for wax which renders 
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it a far superior metallizing medium. Graphite which can be dusted on to the 
wax in the form of soft dry flakes or sprayed as a liquid dispersion is 
excellent for reproducing fine detail and tactile surface impressions. 

4. Electrodeposition 
Recalculate the surface area to determine the correct current density. This 
should incorporate the accumulated surface areas of the freshly sensitised 
wax and the existing electrodeposited metal, (but should not include areas of 
metal resisted out by wax). The artefact should be re-introduced to the 
electroplating solution using the procedure referred to in Section 3B of the 
Appendix. 

Electroform the artefact over an extended period of time - i. e.: for at 
least 24 hours when plating from an acid copper sulphate solution at a 
current density of 1.0 A/dm2 (10 Asf). The thickness of metal deposited can 
be calculated using an electroplater's rule. Ideally the resulting electroform 
should be at least 4 thou (100 microns) thick in order to produce a self 
supporting structure. 

Three dimensional artefacts should be rotated throughout the deposition 
process. Where available, mechanical agitation (or minimal air agitation) 
may be used in moderation - however, in excess this will induce stress, lead 
to poor adhesion and cause the disfiguration / buckling or warping of the 
electroformed metal. A range of metals can be used to create electroformed 
inclusions. In particular, copper, silver, gold and nickel are recommended 
for use. On extraction from the electroplating solution rinse the artefact 
thoroughly in running water and dry under a jet of warm air. (Follow the 
procedure referred to in Section 5 of the Appendix). 

After the initial electroforming process, a series of additional 
juxtaposing and interjecting metal cage-works can be grown by repeating 
stages 2(ii) to 4 until the required effect is achieved. This technique typically 
gives rise to a very sophisticated and intricate range of effects. 

S. Post treatment 
Finally, eliminate the mandrel material using the procedure referred to in 
Section 1 of the Appendix. Where very complex electroforms have been 
built up through repeated electroforming procedures, it may be beneficial for 
the evacuation of the mandrel material to be conducted between each 
consecutive stage of the plating procedure. This will facilitate the easy 
removal of the mandrel material from intricate electroforms and allow the 
visual impact / aesthetic effect of the electroformed cage-work to be more 
readily assessed. 

Where replating is to follow mandrel elimination, care must be taken to 
ensure that even the most superficial layer of wax is completely eradicated 
from the surface of the metal, as this will act as a resist and prevent the 
tenacious adhesion of any subsequent films of electroformed metal. 
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Technique No. 5: Sythesizing surface texture and tactile qualities 
through encapsulation 
Refer to Sample No: 117 

1. Principle 
Materials of a desirable textural or tactile quality are incorporated into the 
electrodeposited surface as a permanent feature by employing the process of 
encapsulation. The effects generated have an ornamental / aesthetic value 
which is ideally suited to the assimilation of low relief, two dimensional 
decoration. This process provides a simple, effective and particularly 
flexible means of portraying very sensitive and delicate textural qualities. 

2. Surface preparation 
(i) A foundation layer of electrodeposited metal is an essential pre-requisite 

to this process. This is especially important where the reverse side of 
the glass is not intended for deposition. The initial deposit must be 
strongly adherent, therefore surface roughening / abrasion through 
sandblasting, followed by scrupulous cleansing represent essential 
preparatory procedures. To acquire an initial foundation coating of 
electrodeposited metal follow the procedure referred to in Sections 3A 

and 3B of the Appendix. 
(ii) Cleanse the metal using the appropriate procedure to remove any grease 

/ surface contamination (as referred to in Section 6 of the Appendix). 
This preliminary cleansing operation must be conducted to a high 
standard, since subsequent cleansing procedures will not prove to be as 
effective in imparting such a scrupulous level of surface purification. 

(iii) Materials and textures to be embedded and grown into the surface are 
adhered to the base layer of electrodeposited metal using an epoxy glue. 
Polyfilla should be used as a medium for cementing awkward crevices / 

gaps beneath adhering materials and filleting sharp re-entrant angles, 
where deposition is unlikely to occur. This will prevent solution 
seeping behind the materials and undermining the success of the 
operation. Collage materials recommended for application include 
string, fabric - open weave or meshed, tissue paper, embossed paper- 
mache, corrugated cardboard, plaster, wax and natural objects / organic 
materials such as leaves. By skilfully and artistically juxtaposing these 
materials a sophisticated range of surface qualities can be generated 
through a single deposition process. 

(iv) Any porous materials which are integrated into the surface must be 
sealed and rendered impervious with a suitable electroplating lacquer 
e. g. Cannings "Covolac", shellac or a clear coating of methyl 
methacrylate, to avoid decomposition when exposed to the 
electroplating solution. 

(v) Jig / attach electrode wires to the surface of the artefact. These should 
be positioned strategically, to support the weight of the piece during the 
electroplating process and to promote a rapid and uniform surface 
coverage of electrodeposited metal. 
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(vi) Cleanse the surface of the artefact using the procedure referred to in 
Section 6 of the Appendix. 

3. Metallization 
Whilst the existing film of electrodeposited metal will naturally be 

conductive, all new additions of collaged materials must be metallized to 
enable them to coalesce and become an integral part of the existing deposit. 
The sensitising media referred to in Section 4 (Nos. 1/2/3 and 5) of the 
Appendix are recommended for use. It is essential to ensure that the freshly 

applied metallizing medium links up with the existing areas of 
electrodeposited metal. 

4. Electrodeposition 
Having calculated the surface area and correct current density use the 
method referred to in Section 3B of the Appendix to reintroduce the artefact 
to the electroplating solution. It is important to ensure that air bubbles 
trapped on the surface of the artefact during the electrodeposition process are 
released to avoid harbouring or promoting the formation of unplated 
cavities. Plate for a period of 4 to 5 hours. 

5. Post treatment 
Remove the artefact from the electroplating solution using the procedure 
referred to in Section 5 of the Appendix. With complex forms some 
retouching (making supplementary additions of fresh metallizing media) and 
replacing may be necessary to promote the successful electrodeposition of 
difficult or recessed areas. On completion if no further post treatments are 
required, finish the surface with a lacquer to protect it from tarnishing and 
surface oxidation. 

Technique No. 6: Mounting precious stones and appendages 

Refer to Sample No: 145 

1. Principle 
Precious stones, stain glass segments, gems, crystals and lenses can be set, 
grown and embedded into the electrodeposited surface to form decorative 
inclusions. In principle metal is built up around the peripheral edges to 
consolidate their position and adhere them to the surface. This provides a 
means of mounting stones to produce attractive appendages on the surface 
of the electrodeposited glass. The technique is particularly appropriate for 
creating jewel like artefacts and accessories. 

2. Surface preparation 
(i) The surface of the glass must receive a preliminary coating of 

electrodeposited metal. (Follow the procedure referred to in Sections 3A 
and 3B of the Appendix). The artefact should then be rinsed and dried 
under a jet of warm air to prevent rapid surface oxidation. However, if 
the electrodeposited surface is tarnished or has been exposed to the 
atmosphere for any length of time it must be thoroughly cleansed before 
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proceeding to the next stage of the process. Where these circumstances 
arise follow the procedure referred to in Section 6 of the Appendix. 

(ii) Stones or precious jewels can now be fixed to the electrodeposited 
surface, using an adhesive medium (e. g. epoxy glue). Stones / gems of 
any form can be used, provided they are capable of withstanding the 
operating temperature and chemical composition of the electroplating 
solution. Less resilient stones, for example cameos, opals, turquoises, 
natural or cultured pearls and certain synthetic / imitation stones and 
plastics which are likely to be aggressively attacked or destroyed by the 
solution, must be protected with a resist medium and electroformed in 
solutions which operate at near ambient temperatures. Harder stones 
can be set using the deposition process without the need to exercise 
these precautions. 

(iii) Any seams of glue must receive an application of lacquer e. g.: 
"Covolac" to render them impervious and prevent them from 
deteriorating in the electroplating solution. 

(iv) Jig / attach electrode wires to the surface of the artefact. These should 
be positioned strategically, to support the weight of the piece during the 
electroplating process and to promote a rapid and uniform surface 
coverage of electrodeposited metal. 

(v) Acid dip the artefact to cleanse the surface in preparation for receiving 
an adherent deposit of metal. Rinse thoroughly and dry under a jet of 
warm air. 

3. Metallization 
Metallizing agents 2/5 and 10 as referred to in Section 4 of the Appendix are 
recommended for use. These should be applied to the peripheral areas of 
each inset stone. Particular care should be taken to cover any glued / 
cemented joins. The electroconductive media will promote the growth and 
development of an electrodeposited metal collar around the settings. This 
will effectively hold the inclusions in the desired position enabling them to 
be incorporated as a coherent and permanent feature of the artefact. 

4. Electrodeposition 
Follow the procedure referred to in Section 3B of the Appendix. 

S. Post treatment 
Extract the artefact from the electroplating solution using the procedure 
referred to in Section 5 of the Appendix. If the object is to be replated with a 
different metal, the artefact should be thoroughly rinsed under running water 
before being promptly transferred to the next consecutive stage of the plating 
process, without the need for any intermediary cleansing. On completion, 
remove the artefact from the electroplating tank. Any resists which have 
been applied to protect stones can be peeled away from the surface or 
removed using a suitable thinning agent. 
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Technique No. 7: Joining / assembling components 
Refer to Sample No: 121 (and 83) 

1. Principle 
Electroforming / electrodeposition is renowned for its eminent suitability as 
a bonding /joining process. This technique has evolved into a scientific art 
form, which is generically capable of coherently uniting an amalgamation of 
dissimilar parts with speed, flexibility and economy. In principle, 
component parts are encapsulated, so that they become ingrown, effectively 
fused, merged and absorbed beneath a surrounding sheath of 
electrodeposited metal. In this manner they coalesce to form a single, 
durable, homogenous form. 

In practical terms the success of the procedure depends upon the skill of 
the operator especially when it comes to designing objects which illustrates 
an understanding and regard for fundamental engineering / technical 
considerations. This makes it possible to identify and avoid electroforming 
weaknesses which have the potential to undermine the structural rigidity and 
durability of the final artefact. Provided these limitations are borne in mind 
the A/C can have the freedom to assimilate a range of aesthetic effects by 
uniting components in a controlled, precise and predetermined manner. 

Preliminary points of reference: Models are sculpted or fashioned out 
of materials which are capable of rendering the surface qualities, structure 
and morphology of the desired form. This may incorporate non-conductive 
materials, and electroformed components which will ultimately be bonded 
and coalesced to form a single object through the electroforming process. 
Where possible it is advised to incorporate a metal armature or wire support 
structure into the basic design of the artefact. This will give rigidity and 
strength to the assemblage and provide a foundation structure upon which 
component parts can be supported and built. Furthermore, where the metal 
armature is exposed on surface of the artefact it will provide a highly 
conductive pathway. This will promote a rapid surface coverage of 
electrodeposited metal when the artefact is introduced to the electroplating 
solution. When constituent parts are to be married together using the 
electrodeposition process the initial positioning and anchorage of these 
inclusions can be assisted by hermetically embedding / sealing the roots of 
the components beneath the adjoining surface of the master artefact, so that 
they protrude internally. They can then be grasped with a greater degree of 
permanency during subsequent electrodeposition. 

The main complication which arises from joining composite parts is 
with regard to their preparation. The preliminary cleansing and metallizing 
procedures required for treating non-conductive mandrel surfaces is likely to 
be incompatible with those required for preparing metal units. This has 
serious implications upon the level of adhesion likely to be obtained in 
coherently uniting / bonding component parts. A carefully judged 
compromise (as referred to below) is the only solution. To be executed 
effectively this demands meticulous care, patience and ingenuity. 
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Preparation is the key to success, failure to comply with this prerequisite 
will fundamentally jeopardise the effectiveness of the bonding process, and 
result in blistering / peeling, poor adhesion and incipiently weak joins. In 
fabricating complex and intricate forms (especially where undercuts are 
present) it may be beneficial for A/C to carry out several consecutive 
electroforming procedures, each of which should be designed to cohesively 
unite and join a new component to the artefact. This will promote a good 
surface coverage of electrodeposited metal and help to eliminate structural 
weaknesses. 

2. Surface preparation 
(i) Clean any metal / electroformed components thoroughly. Follow the 

procedure referred to in Section 6 of the Appendix. Avoid handling and 
recontaminating the artefact by wearing gloves throughout this treatment 
and the rest of the process. 

(ii) Temporarily adhere the component parts to the main artefact. (This join 
will be reinforced through subsequent electrodeposition. ) This is likely 
to be achieved through the use of conventional glues, grouting cements 
and resins, alternatively parts can be sewn, woven or held together with 
wire. Any undercuts, cavities or joins must be smoothed over or filleted 

using a suitable medium, such as plaster or Polyfilla. The resulting 
surface must be perfect to prevent any sign of the join from being 
evident within the final artefact. It is essential at this stage of the 
process, for all prepared surfaces to be aesthetically nurtured to create 
as smooth or textured a surface finish as desired within the completed 
electroform. (Remember any surface blemishes, distinguishing marks 
or characteristics will be exaggerated and reflected with greater 
magnitude as a direct consequence of undergoing the electrodeposition 
process). 

In designing the artefact it is crucial for the A/C to be objective and 
anticipate / consider potential points of structural weakness (Refer to 
Chapter 4E) and reject forms with deep undercuts, re-entrant angles or 
sharp projections. It is particularly important to avoid crevices and 
severe recesses, especially where joins occur between two component 
parts, and to ensure that all comers are given filleted radii to circumvent 
any corner weaknesses - this is an incipient problem of the 
electroforming process. By nature these areas are inherently difficult to 
plate and will only receive a very thin film of electrodeposited metal, in 
a ratio which is likely to be inconsistent with the thickness of metal 
deposited elsewhere on the artefact. This phenomenon, together with 
the fact that they naturally trap air, inhibiting successful deposition 

renders these areas particularly susceptible to structural weakness. It is 
worth reiterating that a good working knowledge of the throwing 
capabilities of an electroplating solution will be useful in assessing the 
limitations of the process and its ability to deposit metal in difficult to 
plate areas. 



Burdett, G. 1998 Chapter 7- Decorative Effects [7] 379 

(iii) Where porous materials / components are to be integrated into the main 
body of the artefact they must be given several layers of shellac / 
lacquer to render them impervious to the electroplating solution. 
Examples of porous / absorbent materials include paper, ceramic ware, 
plaster, rope etc. Any exposed areas of glue, plaster, resin or cement 
must be treated in a similar fashion to prevent: 
o These materials from being dissolved by the corrosive nature of the 

plating solution, which would have disastrous consequences for the 
artefact. 

o Possible contamination of the electroplating solution which would 
detrimentally effect the character and properties of the resulting 
deposit. 

(iv) Jig / wire up the artefact. Care must be taken to: 
" Support the piece during the electrodeposition process - avoiding 

shadowing areas which require electrodeposition. 
o Ensure an adequate number of electrodes are used. These should be 

positioned strategically and securely across the surface of the 
artefact, to facilitate an even distribution of the electrical current and 
promote a uniform surface coverage of electrodeposited metal. The 
electrodes must be located in a discreet position to avoid scarring the 
surface of the artefact when they are detached on completion of the 
electroplating process. 

o Weight the artefact (wherever necessary). Glass components are 
usually heavy enough to be held in a rigid position in the 
electroplating solution. However, buoyant structures will require a 
counterbalance weight to prevent swaying or floatation. Inert 
materials may be used to provide an anchor for light weight 
components. (Further recommendations for wiring artefacts are 
referred to in Chapter 6A). 

(v) Recleanse all metal surfaces / electroformed structures using the 
procedure referred to in Section 6 of the Appendix. This is particularly 
important where the artefact has been exposed to the atmosphere for any 
length of time, since the metal will have been contaminated and 
undergone surface oxidation. 

(vi) Cleanse the non-conductive surfaces. Freshly lacquered surfaces can be 
exempt from this treatment. However, all other areas of the artefact will 
require surface purification. Glass can be cleansed using the procedure 
referred to in Section 3A of the Appendix. A small quantity of liquid 
detergent used in conjunction with a scouring paste comprising of 
pumice and water can be used to lightly abraded the surface of all other 
non-conductive materials. Finally, rinse the artefact in copious 
quantities of water to ensure all traces of soap are removed, before 
introducing it to the electroplating solution. It is especially important to 
avoid touching or handling the artefact, since finger greases will inhibit 
successful metal deposition and seriously impede good adhesion. 

3. Metallization 
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A metallizing agent / media should now be applied to the non-conductive 
areas of the model. The selection of a suitable sensitising agent will be 
determined by the character and nature of the material undergoing 
electrodeposition. Metallizers which are universally applicable and therefore 
most highly recommended for use include Nos.: 2 and 5 (as referred to in 
Section 4 of the Appendix). The metallizer must be applied so that it 
overlaps with the existing, foundation layer of electrodeposited metal. In 
this manner it will provide a continuous conductive surface and enable the 
component parts to blend and create a single coherent form. 

4. Electrodeposition 
Introduce the artefact to the electroplating solution using the procedure 
referred to in Section 3B of the Appendix. A structurally more sound and 
uniform coating of metal will be deposited by using a low current density, 
(despite the lengthy plating time - which may extend over several days). A 
durable thickness of metal should be formed. This must be of sufficient 
strength and rigidity to be self supporting and to cohesively unite the parts. 
As the components are likely to vary greatly in their morphology and 
material composition no specific plating time can be prescribed. Complex 
forms should be rotated at regular intervals throughout the electroplating 
process to promote a more uniform surface coverage of electrodeposited 
metal. (Refer to Chapter 4E for further details). 

5. Post treatment 
Remove the artefact from the electroplating solution using the procedure 
referred to in Section 5 of the Appendix. Stages 2(i) through to 4 should be 
repeated where further components are to be integrated into the final artefact. 

In most circumstances non-metallic mandrel materials are likely to 
become permanently embedded as integral part of the electrodeposited form. 
However, where deemed necessary these materials can be evacuated on 
completion of the electroforming process by implementing the procedures 
referred to in Section 1 of the Appendix. 

On completion of the electrodeposition process remove the electrode 
wires using a sharp craft knife. The artefact may then be coloured, or the 
surface preserved using a wax, lacquer or a chromating procedure. 

6. Additional note 
This process has wider creative implications. Non-conductive components 
which have been joined together and assimilated into a single, coherent 
structure through the electrodeposition process, can be used to form the 
basis of a cage/framework or metal armature into which glass can be formed 
using slumping (Sample No. 155) or blowing procedures. 

Preliminary notes on Technique Nos. 8&9 
Within the trade, basic electroplating skills are an essential prerequisite to 
producing metal deposits with variable properties. These can typically be 
manipulated and controlled to produce deposits which conform to the 
precise specifications or predetermined characteristics (of smoothness, 



Burdett, G. 1998 Chapter 7- Decorative Effects [7] 381 

brightness, porosity, hardness or ductility) demanded by an individual 
customer or a given application. By exploiting and manipulating this skill 
and technical knowledge, (frequently in a manner considered inappropriate 
or undesirable by commercial platers) the A/C can generate interesting 
surface qualities and creative effects. Naturally for the A/C practitioner or 
operator to predetermine and control the nature and physical characteristics 
of the resulting deposit s/he must have a firm grasp and understanding of the 
plating criteria which promote the formation of a specific effect. 

The two main techniques by which the operator can significantly and 
deliberately alter the structure and / or appearance of the resulting deposit 
include either: 

0 Controlling the operating conditions of the deposition process. This 
usually involves altering either the current density, the level of 
agitation or the temperature of the solution. The implications of 
changing any one of these variables (whilst controlling / maintaining 
the others in a static / constant condition) are discussed below. 

0 Modifying the chemical composition of the solution. 

The following two sections contain basic guidelines, explanations and 
principles which will assist the A/C in understanding how the operating 
conditions or composition of a solution can be altered to achieve or promote 
certain aesthetic effects. Due to the enormous number of variables involved, 
these recommendations are only arbitrary and the onus must ultimately lie 
with the individual A/C to develop an awareness of the possibilities of 
manipulating or controlling a specific electroplating solution. As such this is 
merely a launching pad to entice the A/C enthusiast into pursuing further 
research and developing strategies for procreating decorative effects. 

Technique No. 8: Controlling the operating conditions of the 
electroplating process 

Current density 
The speed at which metal is electrodeposited onto a predetermined surface 
area is governed by the amount of electricity flowing. This is referred to as 
the "current density" and is measured in amps. Electroplating solutions are 
capable of depositing metal within a specific current density range, for 
example a typical acid copper sulphate solution will deposit metal within a 
current density range of 1.0 - 7.5 A/dm2 (10 - 70 Asf). Significantly 
different aesthetic effects will result from using a very low, or conversely a 
very high current density. At low current densities there will be a growth in 
the grain size of the metal deposited, which will be of a coarser structure, 
and dull / matte appearance (even in bright solutions). However, at high 
current densities the deposit will be fine grained and have a highly polished / 
bright reflective appearance. 

At first sight it may appear desirable to use high current densities to 
plate metal as rapidly as possible. (N. B.: Although, it is important to bear in 
mind that the resulting stress will compromise adhesion). However, when 
the current density for a given electroplating solution exceeds its optimum 
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value rougher and less uniform deposits will be produced. Consequently 

excess metal will be deposited on the more prominent corners and edges of 
the artefact. These protruding features will preferentially attract metal to 
become high current density areas and in doing so will progressively 
deprive the surrounding areas of metal. The rough, granular deposits 

produced will subsequently give rise "treeing" and "nodularity" (Fig. 7/1). 
The former phenomenon may be distinguished as very flat / angular growths 
which have a branched geometry and favour growth in a lateral direction. 
This is in contrast to nodular growths which aggregate to form tumour like 
growths - swollen bulbous masses of metal. These project outwards from 
the surface of the metal in a random and unpredictable fashion. Their 
occurrence is haphazard and incidental. So far it has not been possible to 
identify which factors play a decisive role in determining whether trees or 
nodules form. However, they are believed to emerge as a result of foreign 
particles becoming embedded in the surface of the metal during the 
deposition process. 

When too high a current density is used to initiate deposition on a 
freshly sensitised non-conductive substrate, the stress induced tends to 
cause the metal to blister and peel away from the substrate surface. 
However, if this effect is nurtured (Sample No. 119) (and replated at a very 
low current density to reinforce the strength of the deposit) it can be 
transformed into a rich, decorative effect. If during deposition the current 
density is increased to an excessively high level i. e. beyond the current 
density range for that specific solution, a flocculent, spongy, black, burnt 
deposit will form. Whilst this is structurally weak it again offers both the 
potential and latitude for creative expression. 

Agitation 
The function of agitation is to maintain a uniform and consistent chemical 
composition throughout the entire body of the electroplating solution. One 
of the main advantages / benefits of using agitation is that it extends the 
current density range of the solution enabling very high current densities to 
be adopted. However, in excess agitation can result in the formation of 
rough, porous and weak deposits. 

Temperature 
Increases in the temperature of a solution will result in a growth in the 
crystal size of the metal deposited. In practical terms this means that the 
electrodeposited metal will be softer, more easily abraded and more 
malleable / pliable. Conversely decreases in temperature will evoke fine 
grained deposits, which by comparison will be smoother, brighter, 
stronger, harder and far less ductile than their coarse grained counterparts. 
This is likely to have profound implications where post treatments are 
employed. In particular, dictating the extent to which a patina will form. The 
main advantage of using a high temperature is that it facilitates the use of 
high current densities, which in turn enables metal to be deposited far more 
rapidly. This is because metal is dissolved and transported to the cathode 
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1) 

These irregular growths which occur as a result of foreign 
particles/contamination becoming embedded in the substrate, 
emerge on prominent/protruding areas of the cathode surface 
-the high CD areas. They either form as flat/angular (A), or 

nodular tumour (B), like growths, which have a branched like 
geometry and project outwards from the surface of the metal 

in a random and unpredictable fashion. 

Fig. 7/1 Treeing and Nodularity 
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more easily creating a more highly conductive solution. Under these 
circumstances, the high current density will counteract the usual effects of 
employing high temperatures to produce fine grained / smooth deposits. A 
further advantage of using high temperatures is that treeing is reduced and 
deposits are less stressed. 

An alternative method of nurturing a harder resilient finish is to deposit 
the metal in an alloyed condition. In particular, this is advocated for use 
where softer metals such as gold are employed in engineering applications, 
where precise specifications and properties of electrical resistance, abrasion / 
wear resistance and porosity need to be incorporated into the 
electrodeposited surface. Alternatively, a composite structure comprising of 
laminated layers of specific base metals can be electrodeposited to achieve a 
similar effect. 

Promoting decorative qualities 

Rough / nodular deposits 
Rough / nodular growths can be obtained from copper and silver plating 
processes. This effect fundamentally relies upon the employment of an 
appropriate electroplating solution. Very basic, dull solutions which are 
devoid of any additives are recommended for use. 

In addition the following guidelines can be advocated to assist the A/C 
in procreating rough textural and tactile surface qualities 

0 Long / extended plating periods: (possible several weeks) This is 
essential to produce rough, undulating and nodular surfaces. 
Deposition should occur at a very low current density (e. g. 0.5 
A/dm2 (5 Asf) in an acid copper sulphate electroplating solution). 
Avoiding the use of filtration mechanisms: Any impurities present in 
the solution will form nodular proliferation's when they come into 
direct contact with the plating surface. Furthermore, the use of 
impure, unbagged anodes, (which will enable coarse particles to be 
freely released into the solution) will promote the formation of 
rough, nodular deposits. (The employment of non-phosphorus 
copper anodes in acid copper sulphate solutions will also encourage 
treeing). 
A cool solution temperature: When the temperature of the 
electroplating solution drops, the chemical constituents crystallise out 
- this phenomena is particularly prevalent in acid copper sulphate 
baths. These crystals do not readily re-dissolve, but instead impinge 
upon the cathode surface to promote a rough, nodular growth of 
metal. Because this effect has a detrimental effect upon the 
composition of the electroplating solution, it cannot be actively 
encouraged. Nevertheless, it is a factor which is worthy of 
consideration. 

0 Altering the composition of the electroplating solution: For example 
high concentrations of acid in copper sulphate electroplating 
solutions and high levels of carbonates in a cyanide solutions can 
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result in rough, granular deposits. However, the A/C must possess a 
good working knowledge and understanding of the electroplating 
process before attempting to modify the solution in this way. This 
remark is particularly pertinent with regard to cyanide solutions 
where high operating temperatures induce the formation of 
carbonates, which result in the irretrievable deterioration and 
decomposition of the solution. 

These factors may be used to assist the A/C in either eliminating or inducing 
roughness / nodularity. However, for basic experimentation employing the 
correct type of solution in conjunction with an appropriate current density 
should be sufficient to induce nodularity. The more latent points which 
follow on from this have merely been included to aid those practitioners 
wishing to pursue and research this subject in greater depth. 

An interesting anomaly of the electrodeposition process is exploited 
within the engineering industry for the purpose of manufacturing drill bits. 
This technology embodies a principle which has the potential to be 
transferred to a creative context, where it could be used to generate rough, 
textural and tactile surface qualities. In the process solid particles of either 
diamond or silicon carbide are deliberately suspended within a vigorously 
agitated electroplating solution. During subsequent electrodeposition these 
become impinged and incorporated into the cathode surface coating it with 
an electrodeposited film of abrasive particles. From this description it is 
apparent that the technology offers enormous potential for creating 
aesthetically interesting, coarse grained surface qualities. 

Dull / bright deposits 
The production of a dull / bright deposit does not depend entirely upon the 
current density, although this is a significant factor. Many dull / basic 
electroplating solutions will only ever deposit metal in a matte condition. To 
produce a bright or reflective finish, additives have to be introduced to the 
solution to modify the properties and characteristics of the metal deposited. 
The brightening agents recommended for use (in conjunction with specific 
solutions) are classified in Chapter 4C - "Electroplating Solutions". 
However, it is important to remember that where there is an increase in the 
current density, or additions of brightening agents are made to the solution 
in order to promote a bright / lustrous surface finish the resulting deposit 
will be significantly more stressed. This is unlikely to arise where 
brighteners are used in moderation, however in excess they will exacerbate 
problems of poor adhesion. A suitable compromise must therefore be 
identified by the A/C practitioner. It is also useful to remember, as referred 
to in Chapter 4D - "Cathode Design", that those areas of the artefact which 
are in closest proximity to the anode are likely to preferentially attract a 
higher current density and receive a more lustrous, brighter and heavier 
deposit than the recessed areas. 
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Pitting 
Pitting occurs when gases (usually hydrogen), formed at the cathode as a 
by-product of a plating process are not liberated from the surface. Held in 

position by surface tension, these bubbles inhibit deposition and become 

occluded in the electrodeposited metal to produce a series of tiny pin holes. 
Once established the effect is accumulative. Certain electroplating solutions 
are more susceptible to pitting than others, and as such exhibit a greater 
potential for creating aesthetic effects using this defect. Nickel 

electroforming solutions are particularly prone to pitting , especially those 
which employ sodium naphthalene trisulphonate as a stress reducer. The 
phenomena of gas pitting is exacerbated by both poor agitation, which 
prevents lodged bubbles from being released, and excessive air agitation. 
Furthermore, where the A/C seeks to promote this effect "wetting agents" 
should be avoided because they assist in the release of these gases. It is 
worth noting that pitting is likely to be more prevalent on the underside of 
the cathode, where the gases are more easily trapped. Therefore, it is worth 
considering the position of the artefact in the electroplating tank if pitting is 
to be promoted. 

Technique No. 9: Modifying the composition of the electroplating 
solution 
Manipulating and controlling the composition of an electroplating solution is 
a complex and scientific art form, but one which is well documented in 
literature. Although it is an area of research which offers enormous potential 
and fantastic possibilities, the technical and scientific complexities of the 
subject, deem it outside the remits of this thesis. Some possible avenues of 
exploration have already been disclosed / highlighted in the Chapter 4C -- 
"Electroplating Solutions". However, to illustrate this point, the following 
example highlights some of the typical modifications which can be made to 
an acid copper sulphate electroplating solution. This information has been 
compiled from a wide range of sources. 

Regulating acid copper sulphate electroplating solutions 
0 Additions of bismuth or antimony promote rough / granular deposits. 
o Silver chloride (2-35 mg/l (- fl oz/gl)) added in the form of 

hydrochloric acid can be employed to refine the solution, and eliminate 
rough, sandy deposits. 

o Additions of gelatine and tannin prevent / inhibit the co-deposition of 
impurities and prevent the formation of rough, embrittled deposits. 

" Lowering the copper concentration (i. e. reducing the copper sulphate), 
and increasing the acid levels (sulphuric acid), - whilst simultaneously 
lowering the temperature, reducing the level of agitation and increasing 
the current density will promote the formation of harder, brighter 
deposits. Additions of brightening agents e. g. thiourea added in a ratio of 
0.05g/1(0.008 oz/gal) and / or molasses in a ratio of 0.8g/1(0.13 oz/gal), 
will promote the formation of lustrous / highly reflective deposits. 
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Alternatively, proprietary brighteners are readily available and highly 
recommended for use. 

Many commercial plating companies including Cannings formulate 

solutions which are specifically designed to deposit metal coatings which 
exhibit a predetermined set of properties and physical characteristics. This 
simple option has additional benefits in so far as the company will typically 
provide a backup service, to deal with any difficulties / problems which 
might arise. This presents a reliable alternative to the independent 
experimentation and manipulation of electroplating solutions, which strictly 
speaking should be reserved for more experienced practitioners. 

Section B: Modifying the Colour / Tone of the Metal 

A broad spectrum of colours and chromatic hues and shades can be 
impregnated into the surface of electrodeposited metal to alter its visual 
appearance. This can be achieved using any one of the following techniques: 

1. Alloy deposition 
2. Electrocolouring 
3. Parcel gilt work 
4. Immersion deposition 
5. Patination 
Each of these techniques has been discussed separately in the following 

section. It should be acknowledged that Technique Nos.: 1,2 and 3 are an 
integral part of the electroplating process, whereas Technique Nos.: 4 and 5 
are post-treatments. 

Technique No. 1: Alloy deposition 
In principle alloy deposition involves the simultaneous co-deposition of two 
or more metals from a single electroplating solution. The alloy plating 
solutions delineated in literature are capable of yielding a range of tonal 
qualities, shades and hues of metal. Whilst this process is not strictly within 
the remits of this research it is worth highlighting as an area for future 
investigation, particularly with regard to generating coloured and decorative 
effects. This process already constitutes an avid area of research within the 
industry where commercial platers formulate solutions which for example, 
are capable of creating antique gold or smutty green / black deposits. These 
effects are yielded by modifying the composition of the electroplating 
solution usually through the addition of metallic salts and additives. To 
illustrate this the chemicals listed below (Table 7/1) are typically added to 
standard / basic gold plating solutions to produce variations in colour: 
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Table 7/1. Alloy Deposition: The Effects of Different Additives on Gold 
Solutions 

Colour I Additive 

Pale yellow gold Copper or nickel cyanide 
Green gold Silver, or copper and nickel in varying proportions. 

Cadmium will also yield a swarthy green gold. 
Antique gold Lead or cadmium (or sometimes both). 

(Complied from: CANNING, W. (1978) Canning Handbook on Electroplating. Birmingham: W. Canning 
Ltd., & E. & F. N. Spon Ltd., pg 633 and LÖWENHEIM, FA (1978) Elect oplating-Fundamentals of Surface 

Finishing. New York: McGraw-Hill Book Company Inc., p. 278) 

Naturally any modifications made to the solution must enable the 
electrodeposited metal to retain the desired properties of ductility and 
hardness etc., to be rendered suitable for a given practical application. Alloy 
deposition is as much an art form as a science and requires skill and 
dedication. Examples of alloyed copper and gold plating solutions are 
referred to in Section 9 of Appendix. These may be useful as a starting point 
for A/C wishing to pursue alloy deposition for the purpose of generating 
coloured and tonal qualities 

Technique No. 2: Electrocolouring 
According to literature a broad spectrum of colours can be incorporated into 
the surface of the metal through electrolytic colouring processes. In principle 
chemicals / pigments are added to the electroplating solution which are co- 
deposited with the metal to dye it a specific colour. The resulting effects 
vary depending upon the temperature, current density, plating duration and 
composition of the solution, and therefore rely upon the skill and control of 
the operator. Despite evidence from patent specifications and documents 

which indicate that electrocolouring techniques were widely exploited in the 
1880's, very little is known about the process, since it is now regarded as 
archaic and obsolete. As such the technique has remained dormant and 
shrouded in mystery. This alchemistic art form can only be revived through 
practical research and experimentation. Electrocolouring techniques require 
further investigation to substantiate their latent potential for soliciting and 
impregnating colour into electrodeposited films. Electrocolouring recipes are 
cited in literature - examples of which are referred to in Section 10 of the 
Appendix. 

Technique No. 3: Parcel gilt work 

Refer to Sample Nos. 147 and 148 

Contrasting layers of coloured metals can be built up using consecutive 
electroplating procedures, for example through the electrodeposition of 
successive laminates of copper and silver. A particularly seductive and 
intriguing range of aesthetically patterned or textured effects can be created 
by using this technique in conjunction with resists media (as referred to in 
Section A: Technique No. 2) or etching procedures (Technique No. 3) at 
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intermittent stages of the electroplating process. An interesting series of 
visual effects can be created by embellishing artefacts with surface finishes 
which exhibit a rich array of complimentary and contrasting metals. 

Technique No. 4: Immersion deposition 
"Immersion Deposition" is a process in which metal is deposited onto an 
existing metal surface through a process of chemical displacement. (As 

opposed to conventional electrodeposition / plating techniques which rely 
upon the use of an externally applied electrical current). A commonly cited 
example is as follows: when copper is immersed in a solution of silver salts, 
the surface of the copper partially dissolves into solution chemically 
displacing the silver, which in turn is spontaneously deposited onto the 
copper as a thin film of metal. In principle the ability of one metal to displace 
another is determined by its position within the "electromotive series". A 
shortened version of this series is delineated below (Table 7/2). For 
deposition to occur the metal in solution must have a lower potential than the 
metal to be plated. In practical terms this simply means that each metal is 
capable of being plated by any of those which follow it in the table. 

Table 7/2. The Electromotive Series 
i Zinc Electronegative Metals 
ii Chromium T Examples 
iii Iron 1. When zinc is immersed in a 
iv Nickel solution of copper a film of copper 
v Tin will be deposited. 
vi Lead 
vii Copper 2. When copper is immersed in a 
viii Silver solution of silver a film of silver 
ix Platinum will be deposited. 
x Gold Electropositive Metals 

(Source: Based on extract from Lowenheim 1978, p. 19) 

The advantages of using "immersion processes" are profound where the 
A/C wishes to deposit precious metal films onto glass artefacts which have 
already undergone successful electrodeposition. The process is simple to 
use, practical and effective, making it ideal for small scale studio based 
operations. Its greatest advantageous is that metal can be deposited 
uniformly across the entire surface of an artefact (even in deeply recessed 
and intricate forms) regardless of morphology. (This characteristic defies 
normal electroplating procedures). Whereas electroplating precious metals is 
expensive (naturally this technique produces superior, thicker, stronger 
deposits), immersion processes provide a financially expedient method of 
coating electrodeposited copper or nickel surfaces with decorative films of 
silver or gold. 

However, immersion deposits are very thin. This is because the process 
is finite. Once the chemical reaction has occurred and the base metal has 
been covered with a deposit of metal the reaction will cease, and prolonged 
exposure will not result in any further metal being deposited. (The plating 
solution will be depleted and will have to be discarded after use. ) As such 
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electrodeposition procedures must be employed where thicker, more 
substantial coatings of metal are required. Generally the thin, fine, delicate 
nature of immersion films (10 - 15 microns / 0.4-0.6 thou) renders them 
unsuitable for functional applications. However, provided they are 
subsequently preserved from tarnishing, immersion deposits are adequate 
for cosmetic / decorative purposes, where they are unlikely to be subject to 
excessive wear and tear. Examples of typical immersion solutions are 
referred to in Section 11 of the Appendix. 

Technique No. 5: Patination 

Refer to Sample Nos. 80,138,139,140,141,142 and 143 

1. Principle 
The technique of impregnating metals with colour by a process of chemical 
conversion is referred to as patination. The process involves applying a 
patinating medium to the surface of the metal. This reacts with the air, 
moisture and gases in the surrounding atmosphere to corrode and oxidise 
the surface inducing coloration and a rich patina. An infinite number of 
variables are involved, and the process far from being an exacting science 
requires considerable skill, judgement and expertise. Predictable results can 
only be nurtured through experience and repeated practical experimentation. 
Patinating procedures will not be the subject of detailed discussion within 
the context of this thesis, as an infinite array of comprehensive books and 
literature are already available for A/C wishing to specialising in this area. 
However, basic recommendations and principles will be delineated to 
provide a starting point for future research, and to illustrate the aesthetic / 
decorative possibilities of exploiting the technique in conjunction with the 
process of electrodepositing metals onto glass. As such only a limited 
selection of patinating solutions will be discussed in the following text. Any 
individual wishing to explore the process of patination in greater detail is 

advised to refer to "The Colouring, Bronzing and Patination of Metals" by 
Richard Hughes and Michael Rowe. 

2. Surface preparation 
Precipitating a coloured patina relies upon direct action between the metal 
surface and the applied chemical formulation, as such it is essential for the 
electrodeposited surface to be cleansed prior to commencing with the 
process. Freshly plated components are usually sufficiently clean to negate 
this treatment. However, any surfaces which have been left standing or 
openly exposed to atmosphere for any duration of time must be 
scrupulously cleaned to eliminate any adhering greases, tarnish or surface 
oxidation. (Follow the procedure referred to in Section 6 of the Appendix). 
Tenacious greases which have a strong surface affinity can be removed by 
vigorously scrubbing the metal with a paste, comprising of pumice, water 
and a little caustic alkali (an ammonia based solution), prior to cleansing in 
an emulsion detergent and acid pickling solution. Naturally, rubber gloves 
must be worn to avoid recontaminating the artefact with fingerprints and 
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residual surface greases which would prevent the formation of an adherent 
patina. After cleansing, the artefact should be rinsed and immersed in water 
until required for use. 

The physical condition and properties of the metal surface prior to 
undergoing patination, will profoundly effect the visual appearance and 
intensity of colour likely to be achieved in the patination process. Dull, 
matte, semi-bright and polished metals alike will retain their inherent surface 
sheen's and physical characteristics throughout the process. These finished 

will remain visually conspicuous in the resulting patina. As a rough 
guideline, porous deposits of metal will accommodate coloration and 
patination more easily and will give rise to a more vivid range of tones and 
coloured qualities than electrodeposited surfaces which have a highly 
reflective, polished finished. Literature also indicates that patinating 
treatments elicit superior results when applied to deposits from cyanide 
based electroplating solutions as oppose to acid based electroplating 
solutions. 

3. Procedure 
A large number of patinas are applied by immersing the metal in a chemical 
solution, or by painting or daubing paste onto the recipient surface to evoke 
a stippled or mottled effect. Alternatively, materials such as pine needles or 
sawdust can be saturated in the patinating solution before being compressed 
against the surface. These help to retain the moisture in direct contact with 
the metal and must be of the correct saturation to produce an optimum effect 
(i. e. they must exude or release very little liquid when the sawdust is tightly 
squeezed in the hand. ) The moist sawdust is packed evenly into a resilient 
plastic tray. The artefact is then introduced before additional layers of 
sawdust are added and packed down to give a uniform surface coverage. 
This is then sealed inside a plastic bag / air tight container. The artefact is 
checked at regular intervals to ensure that the sawdust remains moist, and to 
monitor the progress and development of the patina. Personal judgement 
and discretion are used to determine the end point of the process, which will 
vary depending upon the depth and intensity of colour required. 

An alternative method of retaining the patinating formulation on the 
surface of the metal is to use woven fabrics, netting or cotton wool. These 
materials produce variegated decorative effects. They are saturated in the 
solution and applied in a damp / moist condition to the surface of the metal. 
A soft brush may prove useful in manoeuvring the weave of the fabric into 
the desired position. Again, the object must be covered with a plastic bag or 
cling film to avoid dehydration. 

Examples of typical patinating solutions together with samples 
illustrating the resulting surface qualities, are referred to in Section 12 of the 
Appendix. These demonstrate that with curiosity, imagination and enterprise 
the A/C can achieve an unrestricted range of tones and colours. 
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4. Advanced techniques 
A diverse range of approaches can be used to exploit patinating and 
electroplating procedures in conjunction with one another. These are 
delineated below: 

o Glass electrodeposited with alternating laminates of opposing metals 
referred to as "parcel / gilt" work, can be abraded to reveal 
consecutive layers of metals (e. g.: silver and copper). The artefact 
can then be patinated to exhibit an interesting and contrasting range 
of effects. The colours produced will reflect the way in which the 
patinating solution interacts with the different layers of metal. 

o The oxidised / patinated surfaces of the artefact can be selectively 
resisted. Unprotected areas can then be sandblasted, recleaned and 
overplated with the original metal to produce a rich decorative effect 
(Refer to Sample No. 98). Alternatively, oxidised metal / foil 
membranes can be introduced and integrated into the plated surface 
by depositing a film of adhering metal around the peripheral edges 
(Sample No. 120). 

o After patination the textured surface of the electrodeposited metal can 
be lightly abraded with a brass scratch brush to selectively eradicate 
colour from the prominent uppermost surfaces, and expose the 
underlying base metal. Highlighted areas i. e.: those which are in 
relief and protrude from the surface of the metal (where the patina 
has been removed), will contrast distinctively with the recessed / 
coloured areas to produce an interesting graduation of coloured 
effects. 

5. Post treatment 
Once a satisfactory patina has been obtained the article can be removed from 
the colouring solution and thoroughly rinsed in cold water to remove any 
residual chemicals. The article can then be dried, using either warm air or a 
soft drying medium such as a towel. The coloured surface should finally be 
sealed to preserve the patina and inhibit any further reaction with the 
atmosphere. As referred to below, this can be performed using either a wax 
or lacquer based medium. 

Beeswax is commonly used and is particularly complimentary in 
bringing out the full vibrancy and density of the patina. It is applied to the 
surface using a soft cloth sprinkled with turpentine to soften the wax and 
give it -malleability. This should be burnished to give a good surface finish. 

Resins or nitro-cellulose based lacquers and varnishes can be applied 
using spraying, dipping or brushing techniques and are generally air dried. 
They are particularly useful for protecting / sealing delicate surface patinas, 
which are not capable of withstanding the physical pressure of applying 
wax, or which require a harder, more resilient surface finish. However, 
they are difficult to apply as a thin, discrete film and may alter or obscure the 
richness of the patina. Aesthetically they do not provide as complementary a 
surface finish as wax. 
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Section C: Post Plating Treatments 

Tarnish / corrosion resistance (protecting the plated surface) 
With the exception of certain "noble" metals such as gold, many 
electrodeposited metals are highly susceptible to corrosion in normal 
atmospheric conditions. This is caused by surface oxidation and sulphides 
films which cause tarnishing on copper and silver. Over a sufficient length 

of time these reactions naturally subside and stabilise, rendering the surface 
"passive". That is the metal absorbs certain chemicals which effectively 
slow down and inhibit the rate of any further corrosion. "Conversion" 
coatings exploit this fundamental principle to "passivate" surfaces in a 
controlled manner, allowing metal surfaces to be retained in a clean 
condition over a longer period of time. This mechanism relies upon specific 
inhibiting substances being absorbed into the surface of the metal to form a 
protective anti-tarnishing film. This goal can be achieved using any of the 
following processes. 

(i) Mechanical passivation 
This creates a physical barrier which insulates the surface from the 
surrounding atmospheric conditions, thereby inhibiting corrosion. 
Mechanical passivation techniques include lacquering or plating an object 
with a noble metal. 

(ii) Chemical passivation 
This process impregnates a metal or metal oxide into the surface of the metal 
to produce a stable / passive film. Chemical passivation techniques include 
oxidation and chromating procedures. 

(iii) Electrochemical techniques 
Metal is deposited in such a manner as to create an impermeable and stable 
surface finish. This enables oxidation to be readily controlled. For example, 
metals plated in a highly lustrous, reflective state tend to be more resistant to 
tarnishing than metals plated in a dull, porous condition. 

The ability to retain an electrodeposited surface in an aesthetically 
pleasing condition represents a significant part of any electroplaters' 
repertoire of skills. 

Technique No. 1: Chromating 

1. Principle 
Tarnishing can compromise the aesthetic appearance of copper and silver. 
Creative artefacts and "objets d'art" therefore frequently undergoing 
"chromating" procedures after deposition. This procedure which may be of 
a chemical (immersion) or electrochemical nature produces a very discrete, 
passive, amorphous film (comprising of metallic chrome) on the surface of 
the metal. This serves to inhibit any subsequent corrosion / tarnishing or 
discoloration of the surface, by imparting a protective film which is resistant 
to finger staining or manual handling. The resulting film is visually 
imperceptible. The intrinsic quality and protective longevity of the film will 
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vary depending upon the physical state of base metal and the atmospheric 
conditions of the intended environment it will be exposed to. Although, the 
process cannot provide permanent protection it engenders short term 
resistance and is ideal for preserving ornamental / decorative artefacts. It is 
also an ideal pre-treatment to lacquering, since it has the advantage of 
promoting adhesion between the applied lacquer and underlying 
electrodeposited metal surface. 

2. Method 
The artefact to be treated is immersed in the chromating solution for a matter 
of seconds. Timing is a crucial factor since the process is highly corrosive 
(and may destroy the electrodeposited artefact if implemented 
inappropriately). The sample illustrated in Fig. 7/2 was exposed for 2 
minutes -- far too long, resulting in the over etching of the metal and 
exposure of the underlying glass. This is a useful indication of the possible 
consequences of inadequately testing / monitoring, and is not meant to deter 
the A/C from using the process. The technique is recommended as an 
efficient and highly effective anti-tarnishing treatment for electrodeposited 
surfaces. 

Although chromating solutions vary in composition according to the 
nature of the metal being treated they are dichromate based. Proprietary 
solutions are commercially available and highly recommended for use. 

3. Procedure 
A typical chromating cycle comprises of several stages. These may be 
delineated as follows: 

Stage No: (i) Cleanse the surface of the metal using the procedure 
referred to in Section 6 of the Appendix. (This is not 
necessary where the artefact is treated immediately after 
the electrodeposition process. ) 

(ii) Rinse thoroughly in cold water (twice). 
(iii) Chromate dip (Note: freshly formed films are delicate 

and easily impaired. ) 
(iv) Rinse thoroughly in running water. 
(v) Rinse in warm water. 
(vi) Dry the artefact using a jet / circulation of warm air. 

Chromating solutions have a tendency to deteriorate overtime. This is due to 
a depletion in the strength of the solution, or over saturation with the 
residues of dissolved metals. Maintenance and replenishment, (or regular 
replacement) of the solution is necessary to control the pH level of the 
solution. Furthermore, because chromating solutions contain concentrated 
acids and are by nature oxidising agents they must be handled with care to 
avoid any direct skin contact. 
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This illustrates the aggressive and highly corrosive nature of 
the chromating process which cleans and polishes the surface. 
Too long an exposure time (2 minutes in the above instance) 

results in the over-etching of the metal to reveal the 
underlying glass substrate. This is a warning of the 

consequences of inadequate testing/monitoring and is not 
meant to deter the A/C from exploiting the process. This very 
effective anti-tarnishing treatment is highly recommended for 

preserving and passivating electroplated surfaces 

Fig. 7/2 Chromating Treatments 
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Treating copper 
A typical chromating solution comprises of 30g11(4.8 oz/gal) sodium 
dichromate, 130g11(20.8 oz/gal) nitric acid, 150g11(24 oz/gal) acetic acid, 
and 52g11(8.3 oz/gal) sodium chloride. This solution operates at room 
temperature, (24-35°C -75-95°F) and has an immersion time of between 10 
seconds and 2 minutes. The reaction not only passives the metal but also 
polishes it to produce a highly reflective surface finish. 
Since the surface of the metal is attacked and undergoes dissolution during 
the chromating process (up to 2.51im - 0.0001" of metal may be stripped 
from the surface), it is imperative that the original electrodeposited copper 
film is of a sufficient thickness (i. e.: 12.7µm - 0.0005") to withstand the 
treatment. Care must also be taken to avoid prolonged exposure, as this 
solution is aggressive and un-nurtured may have a detrimental effect. 

Treating silver 
Chromating solutions used to protect silver tend to be cyanide based. 
Furthermore, in order to promote the dissolution of the surface the treatment 
is frequently performed under electrolytic conditions. A typical example of a 
proprietary solution is "Lea Ronals Anti-tarnishing Agent" which 
cathodically passivates the surface of the silver in approximately 30 

seconds. A neutralising process which involves immersing the artefact in a 
solution of 0.5 % nitric acid is usually conducted prior to the chromating 
procedure. The resulting film is clear, offers good solderability and has a 
low electrical resistance. 

Treating gold 
Since gold is a noble metal it does not oxidise under normal atmospheric 
conditions, post-treatments are therefore unnecessary. Other tarnish resistant 
metals include platinum, palladium and rhodium. 

Technique No. 2: Overplating metals 
Frequently, several metals are co-deposited to produce a tarnish resistant 
finish. For example, nickel is commonly used as a preliminary foundation 
deposit in the gold plating of silver components. The function of the nickel 
is to modify the deposit, in order to produce a durable undercoating with 
corrosion and abrasion resistant properties. In decorative applications 
objects are frequently overplated with noble metals such as gold which are 
resistant to the formation of oxides and corrosion. For this reason silver is 
commonly overplated with rhodium or platinum. 

Technique No. 3: Lacquering 

1. Principle 
Modem lacquers are tough, transparent and durable. They are generally 
based upon epoxy resins or nitro-cellulose based compounds. Cannings 
manufacture a commercially available product known as "Frigilene" which 
is highly recommended for use. 
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2. Surface preparation 
Preparation of the base metal is essential to ensure the tenacious adhesion of 
the lacquer. The surface must be scrupulously clean and dry. Artefacts 
treated immediately after extraction from the electroplating solution, 
(provided handling is avoided) are usually sufficiently clean to relinquish the 
need for further surface preparation. However, where commercial polishing 
agents are present on the surface of the metal, they must be eliminated using 
a trichlorethylene degreasant, whilst more general surface greases can be 
removed using acetone. Any badly oxidised / tarnished surfaces should be 
cleansed using the procedure referred to in Section 6 of the Appendix. 
Rubber gloves should be worn to prevent possible re-contamination. 
Directly before applying the lacquer, the surface should be lightly wiped 
with a solvent / thinners which is compatible with the lacquer being used. 

3. Procedure 
The application of the lacquer which is usually carried out through a process 
of dipping, spraying or immersion, must be conducted in a well ventilated 
and dust free environment. A very uniform surface coverage may be 
achieved by applying several very thin films. Most formulations air dry 
rapidly, however, complete hardening and curing usually takes several 
hours. Lacquer treatments will provide protection and tarnish resistance for 
several years. Whilst lacquers do not produce as discrete a surface film as 
chromating treatments, they are generally more permanent. 
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Chapter 8 

The Dartington Project 

The Background to the Research 

This project was an attempt to negotiate new product and process 
development in the context of a very backward-looking sector of the 
British manufacturing industry. A single company was judged capable of 
delivering a positive response. Whilst undertaking the project it rapidly 
became apparent that the company's approach to innovation and 
subsequent product research and development was not geared to pursuing 
any long-term sustained strategy, but that it was rather speculative and 
highly opportunist, tending to evolve haphazardly in response to resolving 
short-term goals. On the whole, this activity appeared to be driven by the 
vision of one or two highly enthusiastic, committed and motivated 
individuals, and sustained by the majority indifference of most other staff. 
This represents a fundamental shortcoming which is all too symptomatic 
of the British crystal industry, and contrasts sharply with the approach of 
many European competitors. 

Dartington's investment in the process of electrodepositing metals on 
to glass was part of a deliberate attempt to move the brand "up-market". 
To initiate this the company changed its name from Dartington Glass to 
Dartington Crystal, and introduced a number of prestigious new product 
ranges to the market. The resulting "Argenta" range of silver plated 
giftware was launched prematurely without the company having dedicated 
sufficient resources to its development. Committed to the market place, it 
was rapturously received by the retail trade and the public. Sales figures 
far exceeded original expectations, the initial uptake of the product 
outstripped production capacity, and a series of supply problems arose 
with their plating purveyors in Germany. The company had to respond 
immediately. The only way to alleviate the problem was to make a heavy 
investment in the process at their Devon-based factory. The difficulties 
encountered were compounded by a lack of foresight. The product was 
problematic and the process was fundamentally unresolved. The lack of a 
tank furnace in particular meant that the glass was of a poor quality and 
the seconds rates were extremely high (50 - 60%), which ate heavily into 
the anticipated profit margins. (It was a contradiction in terms to produce 
seconds on what was perceived to be a highly prestigious range of silver- 
plated crystal ware. ) This short-term view of product development, and the 
reactions and decisions which subsequently arose from it, are not 
uncommon within the British crystal industry. 
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Preface 
This report is a record of an approach to a medium-sized company, which 
had recently introduced a series of electroplated vessels to its high quality 
product range of hand made glassware. This project had two main 
objectives: 

1. To explore a model of collaboration between A/C and industry; 
2. To test this model against the working and decision-making systems 

of an actual production company 

The origins of the research 
From the research conducted to date, it has become apparent that the small 
scale studio has a flexibility of approach which transcends the needs of the 
individual craftsperson for whom it was initially developed. It is evident 
that it is capable of fostering an experimental approach to product 
development which is not generally a priority in large-scale, financially- 
driven environments. 

The aims and objectives of the research 
Having identified this potential role for the studio, the main thrust of this 
enquiry has been directed towards examining 

1. The presumption that there are possible links/points of contact 
between the A/C and industrial concerns. This will question the 
possibility of using the established skills of the A/C in collaboration 
with a relevant commercial organization to enable studio-based 
consultancy work to take place; 

2. Whether the process is suitable for exploitation within an 
industrial/manufacturing environment. This will focus upon 
questioning and assessing the commercial viability of 
electrodepositing metals on to glass; 

3. The possibility of generating decorative effects (primarily 
textural/tactile qualities) and procedures which are capable of 
exploitation within a larger commercial context and, more 
specifically, within the context/profile of the host company. 

Reasons for selecting Dartington Crystal 
The project was set up in conjunction with Dartington Crystal. The 
selection of this specific company as a suitable candidate was qualified 
and guided by a number of important considerations. These may be 
summarized as follows: 

1. Through a previous investment programme the company had 
established the technical skills and equipment implicit to the 
process of electrodepositing metals on to glass. As such, the 
fundamental practical criteria necessary to render the project 
feasible were already in place. This made the company an ideal host 
for possible research and product development. 
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2. Dartington is quite unique and different from any other British 
crystal manufacturer. This is because throughout its history it has 
shown a deep-rooted commitment to working with young 
artists/designers in an innovative and enterprising manner. This is 
now an established part of its design ethos. It has gained this 
reputation through two specific roles: 

(i) Through its active participation in, and annual sponsorship 
of the Royal Society of Arts (RSA) Glassware Bursary. A 
competition which provides the winning candidate/recipient 
of the award with the opportunity to develop his/her idea to 
production/prototype stage through a residential attachment 
award at Dartingtons Torrington-based factory. 

(ii) In the past the company has commissioned work from high 
calibre artists and designers (including Charlie Meaker, 
David Queensbury and Rachel Woodman) who have put 
forward design proposals for its "Studio Artist Range" - 
signed, limited edition pieces aimed at the more exclusive 
end of the retail market. 

As such the company is familiar with orchestrating and 
managing interaction between artists/designers and its 
production team, which is essential if a design concept is to 
be successfully followed through into production. 

3. Dartington Crystal is the only British company to adopt a modem 
design philosophy. It has challenged the market by embracing the 
move away from the quintessentially English, heavy cut crystal, and 
in doing so has become the market leader in promoting the current 
trend towards lighter, simpler and clearer crystalware. The company 
projects an image and design profile which appeals most directly to 
the more discerning tastes of the international acknowledged market 
place, and to the propriety and interests of younger clientele. 

Recently a partnership with John Horler resulted in an innovative 
project which explored the possibilities of combining clear crystal 
with marble. Whilst ventures of this nature are still in their infancy 
at Dartington, they indicate that the company has an interest in the 
respective and complimentary qualities of combining crystal with 
other materials (which to date has incorporated marble, wood, silver 
and gold). This indicates that the company is more receptive than 
any other to exploring the creative possibilities of combining glass 
with the decorative attributes of the electroplating process. 

Research Methodology 

From the outset of this project, it was envisaged that co-operation with the 
host company, Dartington Crystal, would be generated to take the form of 
a series of informative dialogues and mutual correspondence. Whilst 
proceeding under the presiding influence of Andrew Brewerton as 
Design/Production Manager, assistance would also arise from consultation 
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with other members of staff in their respective areas of expertise. The 
whole approach would be supplemented by occasional visits to the factory. 

Initially research activities would focus upon identifying the 
fundamental operating parameters (production, technical and financial 
limitations) of using the process within a commercial environment. This 
would identify a set of criteria which could be used as a basic framework 
within which to generate decorative effects (refer to Sample Nos. 75 to 82 
exhibited in the accompanying Display Cabinets), and present a prototype 
range of electrodeposited glassware. In principle, this would be capable of 
exploitation within the economic and marketing parameters of the 
company. However, whilst the above approach was designed specifically 
to operate within the context/profile of Dartington Crystal, it was intended 
to act as a model for product development and consultancy within a wide 
range of commercial contexts. 

The realities of the project: reasons for the poor response 
Having initiated the project, it soon became apparent that the original 
expectations and ambitions would not be feasible. Collaboration, and 
therefore progress, was hindered by several contributory factors. These 
may be summarized as follows: 

I. Lethargy - Because the project was a low priority on Dartington's 
agenda, the company was unable to devote any energy or 
commitment to the research. This was epitomized by the delays and 
lack of response to questionnaires and correspondence. This general 
inertia/complacency crippled the momentum of the project. As a 
research assistant, my relationship with the company was delicate, 
and it was not possible to exert any pressure for fear of jeopardizing 
the future of the research. 

2. Fear - Dartington perpetuated the long-standing historical 
precedence of surrounding the industrial application of the process, 
in an impenetrable shroud of secrecy presumably out of an 
unrealistic fear of commercial competition. As such, I was denied 
access to both the plating facilities and to advice from their resident 
expert. This undermined the project since it was not possible to 
establish practical or technical operating parameters which were 
essential criteria to exploring the commercial feasibility of the 
-process within the context of the company's manufacturing profile. 
It was also presumably out of fear that no information was 
forthcoming on financial policies. This was particularly pertinent 
with regard to Dartingtons strategy for costing their existing range 
of plated glassware. This information would have been essential to 
identify the potential for future product development, and to enable 
a realistic costing equation to be applied to any new prototype range 
of electrodeposited glassware. 

3. The recession - The project was directed at the company at an 
inappropriate time. The severe financial implications of the deep 
recession meant that any new initiatives for product development 
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had to be shelved in favour of bread and butter issues. Their 

existing product range was also undergoing cut backs and 
rationalization. The problem was compounded by the fact that the 
company had no long-term vision/notion of how they would like to 
see the process develop or expand in the future. 

4. Commercial barriers - Questionnaires were sent out to major retail 
outlets to assess if there was any interest in the decorative potential 
of electrodeposited glassware and, if so, to identify suitable market 
gaps/niches for exploiting the process (as referred to in Section 1 of 
the Appendix). The poor response illustrated the complacency of 
the retail trade which was either indifferent or too pre-occupied to 
take any real interest. This attitude in itself creates a physical 
barrier/obstacle to the acceptance of new ideas/concepts within the 
market place. 

Action taken - The redirection of the project 
In light of these events and the subsequent dilemmas posed, it was 
considered necessary to redress the balance by redirecting and altering the 
main emphasis of the research. The original intentions of interacting with 
the company on a practical/empirical level (which should have been 
mutually beneficial) was re-evaluated and finally withdrawn in favour of 
adopting a more theoretical and independent approach, which would 
concentrate upon identifying, questioning and highlighting the commercial 
possibilities, rather than drawing any specific conclusions. This would 
enable the project to develop and proceed in a more positive manner. 

An Evaluation of Commercial Decision Making 

From research it has become evident that the hierarchy of decision making 
which determines the commercial viability of a new concept/product range 
is firmly driven by a rationale of financial and marketing considerations. 
This may be summarized in the following diagrams (Figs. 8/1 and 8/2). 
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Within the operating parameters of a commercial company such as 
Dartington Crystal, it is possible to define a number of important 
considerations and limitations which are specific to the process, and must 
therefore be taken on board. These may be defined as follows: 

Technical/practical considerations 
Development capacity will be dictated by the 

o Pressure of competing new product development plans/schemes. 

Production capacity will be dictated by the 

o Size of the electroplating facility and the number of pieces capable 
of undergoing deposition at any one time; consideration will have to 
be given to the plating duration, the thickness of the deposit and the 
speed of the process. 

The need to employ the principle of encapsulation for 

o The purpose of engendering good adhesion between the 
electrodeposited metal and glass. 

o Aesthetic reasons: any electroplated application must be double- 
sided to avoid observing the plating through the reverse side of the 
glass. 

Time consuming preparatory procedures 
oA one-off approach has to be adopted in applying the metallizing 

media/conductive paint. Furthermore plating procedures must be 
regarded as an additional decorative "finishing" process. The cost 
of implementing this will automatically yield a product which will 
cost one third more than a plain glass equivalent. To recoup this 
cost, electrodeposited glassware must be aimed at the more 
exclusive and lucrative end of the retail market. 

Aesthetic/design considerations 

General 
Any new product must 

O 
. 
Fit within the design profile of the company, achieving a balance 
between the A/C ideas and the image the company wishes to 
portray. 

o Challenge the market place (Dartington's "Argenta" range was 
launched at a time when no other silver-plated equivalents were 
available. ) The product must provide something new either in 
concept or design. (Again a balance must be achieved between the 
new innovative concept and any existing historical/traditional 
precedences. ) Innovation may be technical/mechanical/stylistic or 
conceptual. 
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Specific 
When designing a commercially viable range of electrodeposited 
glassware, the implications of using the process have to be taken on board. 
In particular, consideration must be given to: 

o Jigging strategies; 
o The limitations of the electroplating process i. e.: designing shapes 

and forms which are amenable to successful deposition. 

o The need to avoid unnecessary post-plating/finishing processes 
(which incur additional costs). 

o Selecting plating processes which are appropriate to yielding 
"decorative" product ranges. In most cases gold, silver and 
platinum are considered to be the most desirable options. Good/top 
quality glass designed for the more exclusive end of the market 
necessitates a high quality finishing process to uphold the overall 
image of the product. 

o Ergonomics: For example whether or not the consumer would find 
it acceptable to drink from the electroplated rim of a wine glass. 

Identification of Possible Market Opportunities for 
Electrodeposited Glassware 

Specific - Within the context of Dartington Crystal 
To be considered feasible in the future any new product ranges which 
exploit the electro-plating concept will have to fulfil one of the following 
criteria. Namely; 

0 Instil greater perceived value at a proportionally lower cost; 
o Broaden the overall range of available product categories and 

therefore market opportunities (brand range diversification); 

o Appeal to specific "niche" markets, ie to Japan, Southern Asia and 
the South Pacific Rim, and NOT to Europe. 

General - Product groups within the broader market context 
o Giftware and/or stemware ranges; 

o "Studio ranges" bearing decorative finishes. Dual metal patterns (ie 
silver overplated with gold) and colour etc - this approach is likely 
to give rise to more expensive, limited edition pieces; 

o Prestigious one-off/unique pieces made to commission; 
o Commemorative ware/seasonal products (designed for the 

Christmas/wedding market); 

o Corporate products (specialized); 
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o Products geared to a specific cultural identity (eg. the Arabs' desire 
for gold and the Americans' affiliation with silver). This also 
carries disciplines and connotations which have to be considered in 
the approach to designing the product. 

Reference also has to be made to how the above product categories fit 
within the current market place. This may be assessed through: 

o An evaluation/analysis of any "metallized glassware" ranges which 
already exist within the market place; 

o Market research: questionnaires and results. 

Abstract - Alternative commercial possibilities which exist at the 
more exclusive end of the market include: 

o Jewellery products 
o Architectural/interior design installations 

o Furniture 

o Artefacts designed for exhibition/retail through a Gallery outlet 

o Medical instruments 

ie. these products all have a high market value. 

Different "Consultancy Models" which the A/C can use for 
Collaboration with Industry 

1. The approach by industry to the A/C to solve technical and 
marketing problems; 

2. The approach by the A/C to industry; 

3. The entrepreneurial approach: The A/C develops a decorative effect 
or product independently and then approaches a manufacturer with 
a view to putting it into production. 

NB: With regard to the third proposal, several different approaches 
and strategies are available for integrating a studio-based 
practice/consultancy into a commercial enterprise. In each case the 
professional relationship differs slightly, and the studio consultancy 
performs a distinctly separate role/function (this gives rise to subtle 
variations in emphasis and responsibility). Possible arrangements would 
include: 

o An in-house design group within industry. 
Function: To present potential new ranges to the company, so 
offering design skills and technical expertise. The consultancy 
would also be on hand to follow an idea through to production. 

o An independent design studiolconsultancy. 
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Function: Industry would approach the consultancy and ask them to 
put forward proposals for a new product range. The design studio 
would be more specialized, and would only participate in 
generating decorate effects/prototype design concepts. 

oA halfway house collaborating with industry. 
Function: The consultancy would generate ideas/decorate effects 
for the company. In addition, it would then go on to take full 
responsibility for actually carrying out the electroplating process as 
an independent undertaking consequently, it would not be necessary 
for the host company, to invest in equipment or becoming involved 
in the technical complexities of the process. The work would 
effectively be sub-contracted to the consultancy. 

Conclusions 
The fact that this project did not come to fruition does not invalidate this 
model for research or consultancy. In fact it reinforces the urgent need for 
a more considered and long-term approach. It merely indicates that British 
industry is not currently in a situation to respond, and that in order to do so 
in the future would require a complete change of culture. 

In light of this, it is evident that in the future A/C wishing to operate 
within a commercial environment would need to employ this model within 
a different context. Firstly, looking outside of Britain, possibly towards a 
European or Japanese manufacturer, and secondly, adopting a more 
entrepreneurial approach, possibly either by prototyping designs and then 
taking them direct to the manufacturer to produce, or by buying in and 
customizing blanks. As such, this research must be left open to further 
enquiry. 

The fact that British manufacturing has not provided a resolution of 
these significant development issues concludes this aspect of my research 
as an open question to the British glass industry. 
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Conclusion 

The main feature of this research is that for the first time it has enabled the 
presentation of the process of electrodeposition, in specific relation to 
glass, as a single body of knowledge. The research has assembled from a 
wide variety of sources a coherent historical account of the evolutionary 
development of the process. This enquiry has been guided by the need to 
provide a background to, and platform for, a practical application of 
electrodeposition procedures by individual small-scale studio practitioners 
in decorative and creative situations. The cross-referencing which occurs 
between different parts of the thesis is an attempt to facilitate its 
application to such situations in a very practical sense. It is hoped that this 
study will therefore provide a bedrock on which other studies can be 
based, and a basic network within which individual creative enquiries can 
be achieved. 

The research into the evolution of the process has made it possible to 
formulate of an overview and gain a perspective on the development of the 
technique. The factors that determined the ebb and flow in the popularity 
of applications and advances in electrodepositing glass from the 1840s - 
1990s, resulted in a bewildering tale of conflicting criteria that fluctuated 
between the free spirit and experimental ingenuity of the craftsmen and the 
pressures of commercial repeatability. Industrial entrepreneurs sought 
advantage through technical innovation and supremacy. New discoveries 
or improvements were jealously guarded, and secrecy and disinformation 
were used as a protection against competitors. This impacted on the 
overall development of the techniques, and has meant that 
electrodeposition has been application specific rather than coherent. 

On reflection, it was the advent of the art nouveau period more than 
any other factor that provided the catalyst for the spread of 
electrodepositing glass in decorative terms. It is therefore hardly surprising 
that the demise of the process coincided with the end of the movement, 
and a stylistic shift to a more austere and sparing use of materials and 
decoration in the post-war period. 

Ironically, this failure to communicate and share information in the 
commercial sector drove the process underground. This allowed a few 
technical entrepreneurs to pursue their own lines of enquiry and, as a 
result, the process was allowed to diversify into a number of highly 
specialized and discrete technical applications. 

A small group of artists/craftspeople were responsible for reviving the 
decorative exploitation and application of the process in the experimental 
artistic climate of the 1960s. Driven by a creative imperative, their 
dedicated enthusiasm and ingenuity provided a focus for stimulating and 
perpetuating new interest in the technique. Without doubt their standing 
within formal, academic establishments has been instrumental in 
disseminating knowledge. This has allowed us to witness an outstanding 
resurgence of interest in the technique today. 
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Throughout the early period (1840 - 1900) of its development and its 

uses in a wide variety of different applications from decorative to 

scientific, the pioneers drew inspiration from a wide range of sources. This 

eclectic mix, characterized by borrowing from disparate technologies, and 
the transplanting of ideas and principles from other disciplines in an 
unorthodox manner, fuelled the spirit of experimentation, and helped to 
create many versions and applications of the basic process. These varied 
from craft-based to industrialized procedures, and the tension between 
them further enriched their development. During this fertile period, 
numerous highly specialized versions evolved, many of which faltered and 
became obsolete. These now deserve to be re-examined by contemporary 
A/C, for many exhibit the potential for further use and development. The 
content, structure and organization of the text presents the A/C with 
opportunities for such encounters. However, these require lateral thinking 
and ingenuity to be fully realized. 

The comprehensive nature of the historical and contemporary survey 
has made it possible to identify and evaluate, through empirical and 
practical experimentation, those approaches to the process which are most 
directly applicable to exploitation by the A/C operating within the scope 
and technical, financial and practical limitations of the studio environment. 
These findings are presented in the form of a practical handbook which 
aims to demystify the process by introducing the uninitiated A/C to 
equipment, basic principles and fundamental practices of the process 
(clearly defining the procedures necessary in preparing glass for 
deposition), before negotiating the more complex aspects of the process, 
which will be of benefit in rendering the A/C more conversant with the 
capabilities and limitations of the procedure. More importantly, this has 
resulted from the premise of a research degree and, fundamentally, must 
therefore, above all else, be seen as the documentation of a journey of 
discovery. For this reason, all methods and approaches tested, regardless 
of whether they gave rise to mediocre or excellent results, have been 
represented/recorded so as to present as rich a source of information as 
possible. (This statement is particularly pertinent with regard to the 
information on to metallizing media. ) Furthermore, by deliberately making 
an effort to highlight those which secured the best results (and which are 
therefore most highly recommended for the A/C), and merely 
summarizing those avenues which led to a dead end, it is hoped that this 
approach will assist future practitioners in circumventing any unnecessary 
problems by preventing them from retracing my steps, and promoting the 
achievement of successful results (by outweighing failure). This neutrality 
of approach avoids the rejection of effects and qualities that could be seen 
as defects in certain situations, and presents them without prior judgement 
as possible sources of creative inspiration. 

Central to the electrodeposition of a non-conducting substrates is the 
creation of a good bonding layer in this instance between the metal and 
glass. Generally, the approach to this problem has centred around 
investigating methods of rendering the glass conductive. From this it has 
become apparent that true adhesion, defined as an independent and 
tenacious bond, has not as yet been developed in terms applicable to this 
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study. Essentially, all electrodeposition of metals on to glass relies on the 
principle of encapsulation (defined as an encompassing metal casing that 
has its own integrity of shape independent of the host form) in conjunction 
with/or without surface roughening to bond the metal to the glass. This is 

an important conclusion of this research. However, it has been possible, 
through empirical and practical experimentation, to identify a series of 
preferred methods which are recommended for use by the A/C. These have 
been selected for their superior level of conductivity, bonding properties 
and practical feasibility in the studio environment. (Table 6/5 Chapter 6B), 
which documents the results, will be of assistance to the A/C wishing to 
identify metallizing media which are most appropriate to performing a 
specific task or producing a desired effect. 

In retrospect, it is possible to ascertain that whilst the electroplating 
industry underwent a very significant and rapid transformation, 
paradoxically many of the working methods employed for 
electrodepositing metals on to glass, withstanding minor improvements 
and modifications in principle, remained fundamentally unchanged. 
However, the low technology limits advocated by the remits of this 
research have meant that in many instances early historical techniques and 
methods have been of more direct relevance than their more sophisticated 
modem-day counterparts. 

The journey of discovery has been multifaceted. By the very nature of 
the subject, the study has embraced and taken on board aspects of 
electrochemistry, technology, mathematics, history, art and applied art. 
The pursuit of this very rich and diverse field of enquiry has revealed 
firstly that information on this aspect of the electrodeposition process is 
confined to obscure, isolated and discrete references, which are dispersed 
erratically amongst literature, and secondly, that due to the presence of 
archaic/obsolete colloquial phrases in literature from the bygone era of 
alchemists and the scientific and technical bias of todays texts, much of the 
available information is not comprehensible, or, therefore, directly 
accessible, to a very broad audience. In rationalizing and transcending 
these obstacles, this research provides a fresh approach which helps to 
bridge this information gap for the uninitiated, whilst providing sufficient 
insight to allow the A/C to enter into dialogue with professional 
electroplating specialists. By identifying the main sources of information, 
and suggesting a number of standard process and agreed nomenclature, the 
research undertaken has provided a real perspective on the creative 
potential of this technique. 

The research has been presented in four main ways: 

(1)A foundation of simple, understood, repeatable procedures based 
around basic equipment; 

(2)A network of experimental results which form the basis for future 
creative play/trial-and-error development by the A/C; 

(3) A presentation of a selection of these results in physical sample 
forms; 

(4) A number of creative objects which demonstrate research 
development and the use of personally selected qualities. These 
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artefacts are intended to be judged on their own aesthetic merits, in 
addition to being regarded as demonstrations, basic visual 
statements and repositories. 

Through a series of techniques which illustrate premeditated and 
repeatable control of the textural/tactile electrodeposition of metals on to 
glass, possibilities and effects have been highlighted which are of a highly 
decorative and ornamental nature. These are significant in 
conveying/expressing the creative spirit and scope of the technique, and in 
illustrating the flexibility and freedom it offers from the constraints of 
conventional metalworking techniques. The resulting diversity of 
approaches have transcended way beyond that originally imagined 
possible. 
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Glossary 

Term Definition 
Acid: A substance that contains hydrogen atoms which can be 

replaced by metals. They are highly corrosive substances 
which form the basis of many electroplating baths and 
pickling solutions. Acidic substances have a pH of less 
than 7. 

Addition agent: A chemical which is added to an electroplating bath to 
modify the operating conditions of solution and the 
characteristics of the resulting deposit. These are 
typically added to alter the hardness, porosity, ductility 
or brightness of a deposit. 

Adhesion: The degree to which the electrodeposited metal sticks or 
bonds to the surface of the glass / artefact 

Alkali: A substance which neutralises or effervesces with acids 
to form a caustic or corrosive solution in water 
(especially hydroxides). Alkali substances have a pH of 
more than 7. 

Allotrope: The existence in the same state of more than one form of 
the same element with different properties. 

Alloy: A mixture of a precious metal with a base metal. Alloy 
plating involves the simultaneous deposition of two or 
more metals at the same time in order to produce a 
deposit with increased properties of strength, hardness or 
corrosion resistance. 

Alternating Current (A. C): Alternating Current. 
Amperage: The quantity /amount of electricity flowing. The current 

is measured in amperes / amps. 
Ampere (A): A unit of current equal to a flow of one coulomb per 

second. (Often defined as the amount of current required 
to deposit silver at a rate of 0.001118 gram per second). 

Ampere-hour: The quantity of electricity equivalent to a current of one 
amp flowing for one hour. 

Anion: A negatively charged ion, which under the influence of 
an electrical current migrates towards the anode during 
the electroplating process. 

Anode: In electroplating the anode usually consists of the metal 
to be deposited. This is the positively charged electrode 
and means by which the electrical current is introduced 
to the solution. The electrode at which negative ions are 
discharged and positive ions are formed. 

Anodising: An electrolytic process used to form a tough, corrosion 
resistant oxide coating on certain metals, especially 
aluminium. 
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Anti-pittant: An addition agent which is added to electroplating 
solutions to prevent the formation of tiny pin holes or 
pores in the surface of the deposit. 

Autocatalytic reaction: A reaction which catalyses itself. 
Blistering: A plating imperfection arising from a loss of adhesion 

between the electrodeposited metal and substrate surface. 
Bright dip: An immersion treatment used to give metal a bright/ 

highly reflective surface finish. 
Brightener: A solution additive which is used to promote the 

formation of brighter, smoother and more highly 
reflective deposits. 

Buffer: A chemical which is added to electroplating baths to 
maintain the concentration and resist a change in the pH 
level (hydrogen ion concentration) of the solution on the 
addition of acid or alkali. 

Burnt deposit: An unsatisfactory deposit which has a rough, dark and 
non-coherent appearance. This usually occurs as a result 
of using an excessively high current density. 

Busbar: A supporting rod used to carry current to the anode and 
the cathode. 

Carborundum: An abrasive medium. Silicon Carbide (SiC) 
Cathode: The cathode is the substrate or object which receives the 

electrodeposited metal and is the means by which the 
electrical current leaves the electroplating solution. The 
electrode at which positive ions are discharged and 
negative ions are formed, or where reducing reactions 
take place. The negative electrode in the electroplating 
process. 

Cathodic cleaning: An electrolytic process of cleaning the cathode. 
Cation: A positively charged ion, which under the influence of 

an electrical current migrates towards the cathode during 
the electroplating process. 

Caustic soda: Sodium Hydroxide (NaOH) 
Chalk: Calcium carbonate (CaCO3) 
Chromating: The production of a corrosion retardant, yellowish 

surface film on metals (especially zinc, cadmium and 
aluminium) by immersion in an acidic solution 
containing chromium salts. 

Cleaning: The eradication of oil, grease and particulate debris from 
a surface. 

Coulomb (C): A unit of electricity defined as one ampere flowing for 
one hour. 

Covering power: A solutions ability to cover the surface of an object with 
a deposit of metal at very low current densities. 

Current: A flow of electricity, the quantity being measured in 
amperes as the rate passing per second 
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Current Density (CD): The ratio of current to a given / known surface 
area of the cathode. This is usually expressed in Amps 

per square decimetre A/dm or amps per square foot 
Asf. The correct current density must be calculated 
before the object is introduced to the electroplating 
solution. 

Degreasing: The removal of oily and greasy residues from a surface 
of an object. The terms solvent degreasing is frequently 

referred to when immersion in a liquid solvent is 

employed and vapour degreasing when a condensed 
solvent is used. 

Deposit: The actual metal coating which is formed upon the base 
object. 

Detergent: An agent which cleans soiled and dirty surfaces 
Direct Current (D. C): Direct Current. 
Drag-in: The solution that adheres to the objects introduced into a 

bath. 
Drag-out: The solution that adheres to the objects removed from a 

bath. 
Dummy cathode: A cathode which is only used to "break-in" a new 

plating bath, or remove impurities from the 
electroplating solution. 

Electrochemical series: Also referred to as the "electromotive series" this 
is a table which lists in order the standard electrode 
potential of specified electrochemical reactions and the 
ease with which they will pass into ionic form. 

Electrocleaning: A cleaning process in which the object to be treated is 
immersed in a special solution and made the anode, 
whilst a current is passed. 

Electrode: A conductor through which the current enters or leaves 
the solution. 

Electrode potential: The difference in the electrical potential of an 
electrode and the surrounding electrolyte / electroplating 
solution. 

Electroless plating: The deposition of a metallic coating on to an object 
(without the application of an electrical current), by a 
controlled process of chemical reduction which is 
catalysed by the metal being deposited 

Electrolyte: A conductive medium comprising of an aqueous solution 
of acids, salts and bases. When dissolved (usually in 
water) these give rise to ions, which move around under 
the influence of an applied electrical current. 

Electron: A basic unit of electricity which carries a negative 
charge. 

Electroplating solution: An aqueous solution, comprising of dissolved 
salts of the metal to be deposited. The solution is highly 
conductive and under an applied electrical current allows 
metal to be transferred from the anode to the cathode. 
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Electropolishing: A process of improving the surface finish I reflective 
properties of an electroplated surface by reversing the 
current and making the object the anode in an 
appropriate solution. 

Galvanising: The application of an electrodeposit of zinc, usually on 
steel or on a ferrous metal. 

Hydrogen overvoltage: The use of an excessively high voltage, often 
associated with the liberation of hydrogen gas from the 
cathode surface. 

Inert anode: An insoluble anode, the only function of which is to 
introduce electricity to the electroplating solution. 

Ion: The constituents (an atom or group of atoms) which 
carry an electrical charge, and pass between either of the 
electrodes during the electrodeposition process. 

Joule (J): A unit of electrical energy. 
Levelling: The ability of a plating solution to produce a smoother 

surface than that of the base object / metal. 
Limiting current density: The maximum current density at which a 

satisfactory deposit of metal can be obtained. 
Litharge: Lead monoxide (PbO) 
Liver of sulphur: Potassium polysulphide(K2Sx) 
Mandrel: The supporting model or form upon which metal is 

deposited during the electroforming process 
Metallizing: The application of a an electrically conductive medium 

to the surface of a non-conducting material e. g.: glass. 
This modifies the surface properties of the object and is 

an essential precursor to subsequent electrodeposition. 
Micron: One thousandth of a millimetre (0.001mm). 
Noble metal: A relatively inert and unreactive metal which is resistant 

to the action of acids and to surface oxidation and 
corrosion. Low in the electrochemical series these are the 
opposites to base metals. 

Nodules: Rounded growths of metal which form on high current 
density areas of the cathode surface during the 
electrodeposition process. 

Ohm: A unit of electrical resistance. 
Overvoltage: The excess electrical potential required for the 

electrodeposition process to be initiated. 
Oxidation: The tarnish or surface discoloration which occurs when 

metal is exposed to the air. 
Passive: When a metal becomes covered in an insulating surface / 

oxide film which makes it more noble and renders it 
inactive or inert. 

Patination: A transformation in the colour or appearance of a metal 
surface, which occurs naturally as a result of ageing. 
This can also be induced artificially through chemical 
treatment, heating, or oxidation. The verdigris (green 
discoloration) which occurs on public statues is a typical 
example of patination. 
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Peeling: A plating fault resulting from poor adhesion in which the 
electrodeposited metal becomes detached and peels away 
from the underlying surface. 

Photoresist: A medium which is sensitive to ultra-violet light. This is 
spread onto the surface allowed to dry and then 
illuminated through a mask. A positive or negative 
image can then be developed to resist parts of the film. 

Pickle: An acidic solution used to remove oxides or tarnish from 
the surface of metal by chemical or electrochemical 
action. 

Pits: Tiny pin holes in the surface of electrodeposited metal, 
caused by hydrogen bubbles being generated at the 
cathode surface during the electrodeposition process. 

Proton: A basic unit of electricity which carries a positive 
charge. 

Rack: A frame from which to suspend and carry the current to 
articles during the electroplating process. 

Rectifier: A device which converts alternating current (A. C) into 
direct current (D. C). A source of direct current is 
essential for all electroplating processes. 

Resin: A synthetic material used as a binding medium. 
Resist: A masking material which is applied to part of the 

cathode or plating rack to render the surface non- 
conductive, and prevent subsequent chemical or 
electrochemical reaction. Resist media are also 
frequently referred to as "stopping off' compounds 

Rochelle salt: Sodium potassium tartrate (NaK C4H406.4H20) 
Rouge: Iron Oxide (Fe203). 
Sandblasting: A process of using compressed air to blast an abrasive 

medium (e. g. sand) onto glass, stone or metal to roughen 
the surface. 

Scale: An adherent oxide film that is thicker than the superficial 
film referred to as tarnish. 

Sensitising: Normally used in reference to plating on plastics. The 
absorption of a reducing agent (often stannous chloride) 
into the surface, prior to metallization. 

Soda ash: Sodium Carbonate (Na2CO3) 
Solvent: A volatile liquid used to dissolve or disperse the 

constituents of a product. Once applied the solvents 
contained in the product tend to evaporate during the 
drying process. 

Solvent degreasing: The process of cleansing a substrate in preparation 
for the electrodeposition process. This enables heavy 
greases, oils and soils to be eliminated from the surface. 

Stoving: A process of drying and hardening a coating by heating 
in an oven / kiln. 



Burdett, G. 1998 Glossary 418 

Strike: A solution used to deposit the initial thin film of metal , 
which is then followed by other coatings. (alternatively, 
to plate an object for a short period of time at a high 
current density, which is subsequently reduced to a 
normal current density). 

Substrate: The base metal or material upon which metal is 
deposited. 

Surface roughening: Procedures used to create an abraded / irregular 

surface prior to metallization. 
Surface tension: The property in the surface film of all liquids which 

prevents the liquid from spreading. 
Tarnish: Superficial corrosion, resulting in a dull or stained metal 

surface. 
Thixotropic: The property of a liquid to increase in viscosity with the 

passage of time. 
Throwing power: A measure of the electroplating solutions ability to 

deposit metal uniformly over the surface of an irregularly 
shaped cathode. 

Titration: An analytical process used to determine the amount of an 
element or compound in a solution. 

Treeing: Branched or irregular projections of electrodeposited 
metal which form on edges and high current density 
areas of the cathode surface. 

Voltage (V): The pressure or force with which a current of electricity 
is being forced through the system. This is measured in 
volts. (The voltage which will produce a current of one 
ampere through a resistance of one ohm). 

Volumetric analysis: Method of analysing which depends upon 
measurement of the volume of standard solution 
consumed in a titration. 

Waterbreak: The area on an object being rinsed around which water 
flows because it is resisted, usually indicating the 
presence of dirt, grease or oil on the surface. 

Watt (W): The power which gives rise to the production of energy 
at the rate of one joule per second, or the amount of 
energy expended per second by passing a current of one 
ampere under a voltage of one volt. 

Wetting agent: A substance which reduces the surface tension of a 
liquid, (commonly referred to as a surfactant), thereby 
allowing it to spread more readily and evenly on a solid 
surface. 
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Appendix to Chapter 3 

Section 1: Joining Applications 

A: Koenig's metallization procedure 
Koenig implemented a corresponding joining process, which in principle 
was analogous to Caillet's join. The process was exploited for uniting glass 
manometers to steel osmotic pressure cells. 

To create the join, the glass tube was lightly abraded with glycerol and 
emery dust before an admixture of two parts ether and one part alcohol 
(containing 3% platinum chloride and 2% stearic acid) was applied to the 
roughened surface. On drying, this was permanently fused into the surface 
of the glass, and transformed into a bright platinum film using the heat of a 
bunsen burner. The metallized surface was then electrodeposited, initially 

with gold, and then nickel. This provided a suitable foundation for soldering 
ribbons of zinc foil in position. These attachments subsequently enabled the 
glass tube to be soldered and united with the steel cell. 

B: Alternative forms of metallization in fabricating glass-to-metal seals 
Less widely reported metallizing agents were also used for fabricating joins. 
In particular, silver based mediums were extensively exploited in sealing 
glass-to-metal components in the manufacture of radio condensers. A British 

patent specification (1896 - British Pat. No. 9656), taken out by the 
`Improved Electric Glow Lamp Syndicate Limited', documents a process for 

electrodepositing copper or gold onto glass components. This advocated a 
metallizing procedure, which involved precipitating a silver film through the 
chemical reduction of an ammonical silver nitrate solution (-. a process allied 
to mirroring techniques) to promote the successful electrodeposition of the 
glass surface. Once initiated, a very adherent, protective, durable, and 
permanently sealed metal-to-glass join could be produced. This metallizing 
technique, which has since been superseded by silver electrodags, was used 
for fabricating interconnecting glass-to-metal seals in electric bulbs. These 

were employed in the manufacture of incandescent lamps, globes, shades, 
and light-reflecting devices. Other metallizing compounds which were used 
to elicit deposition in joining applications included platinum-gold alloys. 
These could be impregnated/fused into the body of the glass at a high 
temperature, to create a conductive surface. This enabled a strong join to be 
forged between the soldered components during subsequent 
electrodeposition. 

C: Soldering techniques employed in uniting glass-to-metal 
components 
The joining and soldering of components normally occurred after a copper 
film of sufficient strength and durability had been electrodeposited onto the 
metal-to-glass seal. In principle, the solders regardless of whether they 
consisted of a lead-tin alloy or a silver-based metal, had to exhibit a low 
melting temperature. In order to prevent spalling (of the electrodeposited 
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metal from the glass) which was detrimental to the structural rigidity of the 

seal, it was essential to ensure that the overall thickness of the entire coating 
was no more than a millimetre (1000 microns - 40 thou) thick. In addition, 
wherever possible the metal was also electrodeposited in a state of 
compression to promote a tenaciously adherent seal. The vacuum-tight seals 

produced, were used within an unprecedented and unique range of joining 

applications. 

Section 2: Mosaic Work 

L. Stein and W. Storrs' electroconductive cement 
This conductive cement comprised of 10 parts chalk, 30 parts metal oxide, 
40 parts precious metal powder, and 10 parts soluble glass. A binding 

medium of 10 parts flux (e. g. borate) was used to blend and mix the 
ingredients. 

Section 3: Protective Applications 

The mechanisation of procedures for electrodepositing and preserving 
mirrors 
Many documents illustrate the transition of the process away from the 
exclusive preserve of the skilled artisan to that of the commercial 
entrepreneur. This marked the start of the impending industrialisation of the 
process. The following account by Hoorick and Hindle (1909 - British Pat. 
No. 2490) represents a typical example. This gives a detailed description of 
a mechanical device which employed conducting clips and traversing rollers 
to convey mirrored glass sheets into the electroplating solution along an 
inclined plane. The anodes, used to donate the metal were infinitely 

adjustable, and were located in an adjacent position to the substrate to enable 
flat sheets of highly reflective mirrored glass, or domed spheres of any 
contour to be processed and furnished with a rigid, abrasion resistant, and 
uniform coating of electrodeposited metal. Accordingly, in this fashion 

convex mirrors for single walled lamp reflectors for the automotive industry, 

and shades and globes for reflective lighting applications (1883 - British 
Pat. No. 467) were permanently shielded (from physical breakage) and 
afforded protection from the surrounding environment, with a reinforced 
backing of strongly adherent electrodeposited metal. Lake, in particular, 
experimented with methods of electrodepositing metal films onto spherical 
forms. He discovered that by securely positioning the mirrored glass shade 
concentrically within a jacket/vat which echoed its shape and form, a 
relatively small quantity of electroplating solution could be poured into the 
intervening space, and used to coat the sphere with a uniform film of 
electrodeposited metal. In these scenarios, electroplating procedures were 
generally followed by lacquering treatments. The lacquers typically 
comprised of an amalgamation of sandacre, resin, shellac, turpentine, and 
lavender oil. This process sealed the metal to render it inert, and provided 
the highly reflective/mirrored surface of the glass with a secondary form of 
protection. 
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Section 4: The Development of Chemical Reduction 
Techniques in Sealing and Protecting Mirrors 

Over recent years the practice of employing electrodeposition procedures to 
back mirrors has been superseded by contemporary techniques which rely 
upon non-electrolytic procedures. During the 1950s, Meth in the USA 
developed a series of methods and strategies for applying quality, hard, 
adherent, protective copper coatings to mirrored glass surfaces. The 
techniques employed were documented in a series of patent specifications. 
(U. S. A. Pat. Nos. 1957 - 780,143/1957 - 788,275/1958 - 796,263). 

The standard procedure of reducing a solution of silver nitrate was used 
to precipitate a highly reflective silver film/mirror onto the surface of the 
glass. This was then rinsed, and whilst still wet simultaneously sprayed 
with two solutions. The first consisted of a copper sulphate solution 
impregnated with phosphoric acid which was designed to produce a hard 
deposit, whilst the second consisted of an aqueous solution of suspended 
metal dust (zinc or iron). As these solutions were released from the nozzle 
of the spray gun and impinged upon the surface of the metallized glass they 
amalgamated, catalysing a spontaneous reaction. This resulted in the 
formation of a strongly adherent thin copper sheen, which was capable of 
sealing and protecting the mirrored glass. The overriding benefits of the 
process were evident in its simplicity and economy. Furthermore, the high 
reject rates and technical difficulties which had been encountered in the old 
system, and occurred as a direct result of the silver films undergoing 
prolonged exposure to the electroplating solution, (which impaired and 
diminished the quality of the mirrors) were now effectively eliminated by 
adopting this new process. 

Section 5: Modern Commercial Techniques of 
Preserving Mirrors 
Contemporary manufacturers such as Solaglass employ a completely 
automated method of silvering and preserving mirrored glass. The procedure 
is outlined below. Reference should also made to the photographic 
illustrations (Fig. 6/5) which are shown in Section 6 of Chapter 6B. 

The procedure takes a matter of minutes. After preparatory cleansing, a 
silver film is chemically reduced onto the surface of the glass and cured at a 
temperature of 40-60°C (105-140°F) to maximise adhesion. A process of 
chemical copper reduction follows. The metal film deposited performs a 
dual function. It prevents the deterioration of the underlying silver film, and 
provides a suitable foundation for the subsequent application of a protective 
`paint' backing. This is then stoved and dried to produce a strong, adherent, 
composite structure on the reverse side of the mirrored glass. The main 
advantage of this technique is that it provides a durable and resistant seal 
from the atmosphere without the bulkiness or practical complexity of its 
predecessors. 
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Section 6: Electrical Applications 

Glass-fibre/plastic laminated circuit boards 
Technically, printed circuit boards are fabricated from a glass-fibre-packed 
epoxy resin/plastic laminate. This is the insulating board upon which the 
metallized conductive pathway is formed using the electrodeposition 
process. The hybrid glass composition is effective in affording the desired 

mechanical properties of rigidity, strength, and resistance (to heat, 

corrosion, and wear) in a light and durable form. Printed circuits boards of 
this nature were introduced in the 1940s. Emerging from the research of Dr. 
P. Eisler, they revolutionised the electronics industry, and are now widely 
exploited in many industrial and domestic applications. 

Three principal methods of producing printed circuitry exist today. One 

of these, involves the electrolytic deposition of metal onto fibre-glass/plastic 
laminates. This technique is of specific interest within the context of this 
research because it produces a strongly adherent and highly conductive 
deposit which is capable of transmitting an electrical current. The technique 
is referred to as ̀ semi-additive circuitry'. In principle, an electroless deposit 

of chemically reduced copper is used to metallize the glass/epoxy laminated 
base, which then undergoes conventional electrolytic deposition. The 

process is conducted in the following manner. 
Initial cleansing of the fibre-glass/epoxy base board is followed by a 

chromic acid etch. This partially dissolves the epoxy rubber component of 
the laminate to produce a honeycomb structure of glass fibres which stand 
proud and protrude, to yield a rough, abraded surface. This is only visible 
under the microscope, but is crucial to promote adhesion during subsequent 
electrodeposition (Fig. A/1). A neutralisation treatment prevents surface 
contamination. The sensitizing of the laminate which is essential to give it 
the potential to become conductive, is now brought about by a process of 
activation and acceleration, using a palladium-tin complex. This is a 
precursory treatment to the electroless deposition which follows, catalysing 
a chemical reaction which enables the entire surface to be coated in a thin 
metallic film of copper, nickel, or silver, depending upon the process used. 
A photo-resist pattern is then applied to the prepared surface to mark out and 
determine the configuration of the wiring format. This is built up using a 
conventional electroplating solution, usually to a thickness of 35 microns 
(0.0014") in either, gold, silver, or a tin-lead alloy. After deposition is 

complete, the photo-resist is eliminated, and the underlying film of 
electroless copper is etched away to leave the electrodeposited circuit ready 
for use. 

This process has since been modified to enable electric circuits to be 
developed on both sides of the laminated board using interconnecting holes. 
This contemporary technique is referred to as ̀ through hole circuitry' (Fig. 
A/2), and has the advantage of permitting more compact and complex 
circuitry to be produced. This type of flat patterned (electrodeposited) 
circuitry is used in preference to round wired circuitry because of its 
capacity to conduct and convey a much higher current of electricity per unit, 
and provide a superior level of heat dissipation. Besides these technical 
merits, the process exhibits enormous potential for A/C, who can seize upon 
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The chromic acid etch partially dissolves the epoxy rubber component 
of the laminate, enabling the glass fibres to protrude, yielding a rough, 

abraded surface. This key is essential to promote good adhesion 
during subsequent electrodeposition. 

Fig. A/1 A Microscopic View of an Etched Circuit Board 
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the opportunity and borrow the technology printed circuitry offers, to 
produce ornamental/decorative panel designs on non-conductive substrates. 

Section 7A: Glass Radiators 

St Gobain's technique of metallizing glass with aluminium 
The most economical method of applying an ultra-fine (a few hundredths of 
a millimetre thick) and strongly adherent aluminium film was to employ a 
spray gun, which was capable of projecting fine molten droplets of the metal 
onto the heated (300°C - 572°F) surface of the glass. Aluminium wire was 
continuously threaded/drawn into the gun and delivered to the nozzle, where 
it was spontaneously melted by the intense heat of an ignited flame. 
Compressed air, was then used to project a fine dispersion of pulverised 
metal onto the surface of the glass. On direct contact the molten metal 
resolidified to form a brightly speckled, granular film of aluminium oxide. 
Adhesion was such that the detachment of the aluminium from the glass was 
virtually impossible. Furthermore, the film boasted other properties 
including a high electrical resistance/insulating value, and good reflectivity. 

This adherent foundation formed the basis for subsequent 
electrodeposition. By providing a means of conveying electricity, the 
process demonstrated the potential for exploitation within various electrical 
applications. Although, no specific details regarding the electrodeposition 
process are documented within literature, it is evident that the (inherently 
passive) aluminium would have required specialist treatment before being 
superimposed with an adherent film of electrodeposited metal. This 
preliminary treatment may have involved dipping the metallized glass in a 
solution of sodium zincate in order to furnish the aluminium with an 
immersion layer of zinc, thereby rendering the surface conductive and 
amenable to subsequent electrodeposition. 

Subsequent modifications in the procedure 
It was discovered that the heating resistance of the aluminium strips (which 
was essential to avoid overheating the glass) fell dramatically as a direct 
result of increasing the temperature or extending the heating period (by up to 
10% over 1,000 hours). The implications of this were problematic. In order 
to lower the direct heating effect of the electrical circuit on the glass, St 
Gobain experimented with a broad range of alloys and metals which 
possessed characteristically different properties and electrical resistance's. 
Many of these were far too precious and expensive to be considered 
commercially viable. Eventually however, an aluminium-manganese alloy 
known as ̀ mangalium' was discovered and successfully employed. 
Compared to aluminium, mangalium reduced the temperature coefficient of 
the metal and the glass by half. This was important in rendering the heating 
devices safer and more efficient to use. 
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Section 7B: Other Products Generated by St. Gobain 

With technical progress, advancements and refinements were made to the 
process, which enabled other radiators to emerge. In particular, one heating 
appliance referred to as the 2,000 watt `Radiaveur' (Fig. A/3) could be 
operated using 110 volts. Of considerably larger dimensions, this glass 
radiator was supported on a chromium steel tube. A switch mechanism was 
incorporated into the design which enabled different speeds/outputs of 
heating capacity to be selected, so that either one or both glass planes could 
be heated simultaneously. The radiators discharged heat into the surrounding 
atmosphere by a process of convection. During use, the glass panes were 
found to reach a temperature of between 120 and 150°C (250 to 300°F). 
Similar principles were applied and used in prototyping other appliances, 
including a 12 volt (40 watt) glass defroster and 110 volt (40 watt) glass 
`Chauferette' - food warmer (Fig. A/4). Unfortunately, it has not been 
possible to verify whether these heating devices were ever developed 
beyond the prototype stage into commercially viable products. 

Section 8A: Important Criteria in Selecting 
Compatible Metallizing Media 

Certain fundamental criteria had to be fulfilled to ensure the metallizing agent 
was compatible with the glass. This was essential to ensure that the circuit 
was adherent and strong enough to support an electrical current and 
withstand the effects of thermal heating. Firstly, to function as a sensitizing 
media and promote successful electrodeposition, the silver paste had to 
impart a low electrical resistance. Conductivity levels varied depending upon 
the proportion of silver in the binder, optimum results were typically 
achieved where the metal to binder ratio was between 5: 1 and 40: 1. 
Secondly, the metallizing medium had to bear a similar coefficient of thermal 
expansion to the glass, to enable it to mature and fuse into the body of the 
glass at the correct slumping temperature. Thirdly and finally, (once fired 
into the surface of the glass) the metallizing medium had to be capable of 
withstanding soldering procedures. This would permit electrical connections 
to be made, without adversely affecting the mechanical strength of glass. 

Section 8B: Commercial Approaches to Metallizing 
and Electrodepositing Glass for the Purpose of 
Maufacturing Car Backlights 

Example No. 1 
A patent specification documented by E. 1. Du Pont de Nemours & Co. 
(1970 - German Pat. No. 2021362) outlines the criteria which had to be 
fulfilled in electrodepositing electric circuits onto glass within the car 
industry. 

This describes the use of a metallizing media comprising of 85% silver, 
9% finely ground borosilicate glass frit (e. g. glass made of 65% lead oxide, 
34% silicon oxide, and 1% aluminium oxide), and 6% sodium carbonate (to 
prevent the diffusion of the silver into the surrounding glass which would 
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Fig. A/3 Saint Gobains (2,000 watt) Glass 
"Radiaveur" 

A switch mechanism situated at the base of the radiator 
was used to control and regulate the heating output of the 

appliance. 

[3(APP)] 9 



Burdett, G. 1998 Chapter 3- Historical and Contemporary Uses 

Fig. A/4 Saint Gobains 110 volt (40 watt) Glass 
"Chaufferette" - Food Warmer 

[3(App)] 10 

(Source: LONG, B. (1941) Les Nouveaux Produits Verriers Resultant de 
1 Afnite du Verre pour I 'Aluminium. Cours-Conference du Centre de 

Perfectionnement Technique, Saint Gobain, (No. 763), Paris. p. 8-9) 
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result in discoloration), dispersed in an inert carrying liquid comprising of 
10% ethyl cellulose and 90% turpentine. Silk screen technology, was used 
to apply this medium to the surface of the glass typically as a continuous 
configuration of equally spaced lines, approximately 0.8mm (0.03") in 
diameter. This pattern was fused and fired into the glass at a temperature of 
650°C (1202°F) over a seven-minute period. Both the temperature and 
duration of the firing cycle were arbitrary factors which were predetermined 
by the thickness and composition of the glass. The electrodeposition process 
which followed engendered the electrical conductivity required for the circuit 
to function within its intended capacity of de-misting car windscreens. 

Example No. 2 
American literature published by P. P. G. Industries Incorporated (1972 - 
U. S. A. Pat. No. 3703,445) documents several different, commercially 
viable techniques of applying electroconductive heating circuits to glass 
using electrodeposition procedures. Interestingly, these documents also 
make reference to the potential use of the process within decorative contexts, 
as well as within the more conventional application of heating windscreens 
in aircraft, automobile and architectural installations. The main procedure 
involved applying a rough, porous, ceramic frit (160 mesh) to the glass in a 
pattern conforming to the design configuration of the intended circuit. This 

was carried out using silk screening technology. The width of the lines 
demarcating the wiring pattern were restricted to a thickness of 
approximately 12 microns (0.0005") to maintain a constant electrical 
resistance throughout the circuit. This was essential to guarantee a uniform 
dissipation of heat. The ceramic frit comprised of a fusible glassy 
compound, suspended in a viscous liquid which contained either pure gold 
or an amalgamation of silver and gold to instil conductivity. 

The fusible frit was fired into the surface of the glass. This was then 
rapidly cooled to temper/harden the glass, before exposing it to a mild etch, 
in a solution comprising of 10-25% fluoboric acid and 5 grams per litre 
(0.8oz /gallon) of sodium metasilicate. This dissolved any ceramic frit 

residing on the surface to cleanly expose the conductive metal beneath. 
Electroless deposition which involved immersion in either an electroless 
copper (e. g. using an electroless cuprous ammonium hydroxide solution 
reduced by sodium borohydride), or nickel plating solution (nickel chioro- 
palladate reduced at high temperatures), was used to superimpose an 
electroless metal coating onto selected areas of the glass. Nickel processes 
were preferred because they offered faster rates of deposition, were more 
financially expedient and the resulting deposits possessed superior levels of 
surface conductivity. However, both methods provided a good foundation 
for subsequent electrodeposition. The electrodeposited copper increased the 
conductivity, and promoted the performance and efficiency of the circuits 
which were used for heating glass panels/windscreens. 

In some cases, the electrodeposited metal was found to be susceptible to 
rapid surface oxidation (e. g. where copper was employed). In order to 
protect the metal from tarnishing it was frequently coated with nickel plate, a 
soldering medium, or an immersion coating of tin or gold. Alternatively, 
electropainting processes were used to superimpose an insulating material 
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over the electroconductive heating circuit. (examples of these materials are 
disclosed in (1973) U. S. A. Pat. No. 3 366 363). In principle, this process 
provided a financially expedient method of producing durable and 
aesthetically pleasing electrical circuits on glass windscreens. 

Section 9: Electroforming Applications 
The advantages of using the electroforming process 
Whilst electroforming is a relatively slow and complex arteform, it is 
invaluable as a method of producing very complex, light-weight, hollow 
forms, which require a high degree of dimensional accuracy. The technique 
displays the unique ability to faithfully reproduce delicate forms and intricate 
detail, in a manner which is unrivalled by any other metal forming process. 
The modest cost and flexibility of the process renders it equally applicable to 
the production of commercial work as to one-off specialised objects. In 
particular, the reproduction of prized historical artefacts has emerged to 
become a major field of application for electroforming technology. Here the 
high market value of the product can be off set against the cost of the 
artisans skills. The knowledgeable operator can also adjust and control the 
conditions of the deposition process to predetermine the physical and 
mechanical properties of the resulting electroform. This renders 
electroforming procedures suitable to fulfilling the precise technical 
specifications of many engineering applications. 

Generally, metals which are suitable for electroforming purposes are 
capable of being deposited in a low state of internal stress. For this reason 
copper and nickel were frequently advocated for use. However, where the 
additional cost is warranted, as for example in jewellery design or within 
electrical applications, the electroforming of silver and gold components 
remains common place. 

Section 1OA: Improvements in the Process of 
Electroforming Reflectors 

Subsequent patent specifications registered by S. 0. Cowper-Coles describe 
gadgets and devices for using glass mandrels in the production of 
electroformed reflectors. Amongst some of the more innovative concepts put 
forward, one document (1907 - British Pat. No. 3013) recommended a 
procedure for protecting delicately mirrored surfaces from tarnishing and 
oxidation. This involved using zinc vapour to convert the surface of the 
metal to brass, as a precursory stage to subsequent copper deposition. Later 
patents (e. g. 1907 - British Pat. No. 12,005) went on to explore methods 
of generating more complex mirrors/lenses, often incorporating 
concentrically-arranged bands of copper, gold, and silver. These were 
designed for very specific and unique applications. 

Section 1OB: New Research 
The main thrust of research was now directed towards identifying 
electroplating procedures which would preserve the delicately mirrored 
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surfaces of glass mandrels. This was important to promote successful 
deposition in the electroforming of mirrors and parabolic reflectors. 

American documents (e. g. 1938 - U. S. A. Pat. No. 2,135,873) 
indicate that alkaline based, copper cyanide solutions were broadly adopted 
for this purpose. This solution was successful in averting the spoilage and 
defects exhibited by conventional acid copper sulphate electroplating baths, 

where there was a tendency for the solution to insidiously creep beneath the 
silver film, and be drawn by capillary action across the surface of the mirror 
impairing its appearance. Ollard experienced similar difficulties, and 
recommended an alternative method of electrodepositing nickel on to the 
mirrored surface of the glass mandrel, prior to immersion in a standard acid 
copper plating solution. He discovered that a superior mirror could be 
produced if, after detaching the electroformed reflector from the glass 
mould, the silver film was stripped and an electroplated coating of rhodium 
was applied to the nickel surface. This improved the reflective properties, 
and the serviceability and durability of the parabolic reflector. 

Section 11: Catherine Hough 

Catherine Hough made tentative inquires into exploring the possibilities of 
electrodepositing metals on to glass whilst studying for a glass degree at 
Stourbridge College of Technology and Art. 

After graduating, sponsorship and assistance from Royal Brierley 
Crystal enabled Hough, (over the following two years) to pursue this 
interest with greater dedication. The resulting artefacts took the form of a 
series of blown perfume bottles. These were used to explore techniques of 
generating textural and tactile surface qualities, which were masqueraded 
within a personal vocabulary of abstract design configurations. Examples 
are shown in Figs. A/5 to A/8. Catherine Hough no longer retains an active 
interest in the process. However, she acknowledges that this early work 
was a germinating ground for her creative development and a source of 
inspiration in helping her to explore the concepts of balance and movement, 
which now play an important role in her work. Today, she achieves this 
through the manipulation of clear blown glass forms. 

The textural qualities inherent in Catherine Hough's electrodeposited 
perfume bottles, were elicited by developing contrasting surface areas of 
sandblasted, etched, stippled, and polished glass. Occasionally, coarse glass 
frit was also embedded and fused into the form to extend the visual range of 
tactile surface qualities. This interesting creative effect, also fulfilled the 
technical requirement of promoting and maximising the level of adhesion 
between the metal and glass. Bonding was nevertheless dubious, and there 
remained an emphatic reliance upon the principle of encapsulation. The glass 
was metallized using gold or silver lustre's. 

The electrodeposition which followed was initially carried out using a 
`silver strike' solution. This enhanced the registration of good adhesion, 
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Fig. A/5 Catherine Hough. Scent Bottle, (late 1970's) 

i 

\nJ, 
i 

t 

Blown glass form surmounted by a solid glass stopper. Decorated with clear 
windows, set off against a partially sandblasted and stippled ground. 

Electrodeposited with an abstract design configuration in silver and copper. 
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Fig. A/8 Catherine Hough. Scent Bottle, 
(late 1970's) 

Z 

U 
e 
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Clear blown glass form, bearing a spiral configuration of 
electrodeposited silver and complementary metal stopper. 
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before deposition from a more conventional copper cyanide or silver cyanide 
plating solution was employed, to build up the abstract patterns and designs. 
The rough nodular encrustation's which richly adorn some of her glass 
artefacts possess exciting tactile qualities. These effects were engendered by 

manipulating and controlling the current density during the deposition 

process. To complete the bottles, complementary glass stoppers were 
produced bearing electroformed designs and/or turned metal sleeves with 
screw top appendages. 

Section 12: Metals Employed by A/C in the 
Electrodeposition of Creative Artefacts 

Metals employed for decorative applications in electrodepositing metals onto 
glass, have descended from a long-standing historical legacy. In many 
instances, this has been justified by their precious nature and decorative 

appearance. Those most commonly exploited for electroforming purposes 
include silver, copper, gold, and platinum. However, despite their residing 
market dominance, this range of metals could easily be extended to 
encompass a broad spectrum of precious metal alloys which offer an equally 
complimentary, aesthetic and decorative appeal. This is feasible, provided 
that the A/C exercises skill and judgement in selecting solutions which are 
appropriate to electrodepositing metals onto glass. In particular, the 

possibilities of using non-precious metals for decorative and creative 
pursuits is enormous. In many instances it is merely the prejudices of 
conventional and stereotypical market attitudes, which impedes their 
commercial exploitation. These opinions should be tempered, so that the 
A/C can harness the enormous potential and flexibility of using non-precious 
decorative metals in future research/creative practice. 

Section 13: The Gallery 

The creative and decorative attributes of the electroforming process are not 
exclusively the artist's preserve. Economical and technical incentives have 

guaranteed the technique a future within a broad spectrum of unique and 
novel applications. An example, is evident in Prince Charles Investiture 
Coronet of 1969 (Fig. A/9). Electroforming was used, in preference to other 
metalworking techniques, because it enabled a hollow and therefore very 
lightweight metal structure to be produced. Furthermore, the technique 
offered greater design freedom and unlimited scope in the fabrication of 
textural and tactile surface qualities. The original master/model was 
constructed from PVC, perspex, and wax. This was then silvered using a 
chemical reduction process to provide surface conductivity and promote 
subsequent electrodeposition. Once initiated the deposition process took 
three days to complete. A unique electroplating solution was developed, 

specifically to enable the electroformed gold crown to exhibit the desired 

aesthetic and mechanical properties (hardness, ductility, and heat resistance). 
On completion the master material was evacuated, to leave the electroformed 
coronation crown. 



Burdett, G. 1998 Chapter 3- Historical and Contemporary Uses [3(App)] 18 

A number of practitioners now exploit the electrodeposition process to 
deposit metal onto non-conductive susbstrate materials for creative and 
aesthetic purposes. Examples of contemporary artists and craftsmen who are 
at the forefront fo this field are illustrated in the Gallery which follows; 
(Figs. A/10 to A/24). 
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Fig. A/10 Stanley Lechtzin. Torque # 31 D, 
(1972) 

Stanley Lechtzin has pioneered and refined the use of the 
electroplating process as a unique method of creating strong 
light weight, complex sculptural forms. This provides the 
artist with a greater freedom of creative expression, in the 

exploration and construction of large - scale wearable 
jewellery objects which would not have been feasible using 

other metal working techniques. 

(Source: MANHART, M. &T. (1987) The Eloquent Object - The 
Evolution of American Art in Craft since 1945. Philbrook Museum of 

Art, Seattle, Washington. p. 88) 

Cast opal polyester, electroformed silver gilt 
(7.5w x 15h x 2d. in - 19w x 38h x 5d. cm) 

Collection of the artist, Melrose Park, Pennsylvania, USA. 
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Fig. A/11 Stanley Lechtzin. Torque # 33 D, (1973) 

(Source: MANHART, M. &T. (1987) The Eloquent Object - The Evolution of American Art 
in Craft since 1945. Philbrook Museum of Art, Seattle, Washington. p. 90) 

Electroformed silver, silver gilt, purple polyester. 
(12w. in - 30w. cm) 

Yale University Art gallery, New Haven, Connecticut, USA 
(American Arts Purchase Fund). 
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Fig. A/12 Stanley Lechtzin. Cameo Corsage # 83 D, 
(1979) 

Electroformed silver, silver gilt, cast acrylic, photo image, pearls. 
(6.25h x 3.75w x 3d. in - 15.6h x 9.4w x 7.5d. cm) 

Collection of the artist, Melrose Park, Pennsylvania, USA. 

(Source: MANHART, M. &T. (1987) The Eloquent Object - The Evolution of 
American Art in Craft since 1945. Philbrook Museum of Art, Seattle, 

Washington. p. 89) 
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Fig. A/13 Wiliam Harper. Rain Rattle, (1972) 

USA. 

(Source: MANHART, M. &T. (1987) The Eloquent Object - The Evolution of 
American Art in Craft since 1945. Philbrook Museum of Art, Seattle, 

Washington. p. 150) 

Enamel, copper-electroforming with deer antler 
(10h x 5w x 2d. in - 25h x 12.5w x 5d. cm) 

Collection of Dr. and Mrs Matthew Cohen, Tallahassee, Florida, 
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Fig. A/14 June Schwarcz. Plaque, (1981) 

(Source: MANHART, M. &T. (1987) The Eloquent Object - The 
Evolution of American Art in Craft since 1945. Philbrook Museum of 

Art, Seattle, Washington. p. 198) 

Vitreous enamel, copper foil, stitched and electroplated 
(15.9h x 10.9w. in -- 40h x 27.5w. cm) 

Collection of Robert Ohashi, Seattle, Washington, USA. 



Burdett, G. 1998 Chapter 3- Historical and Contemporary Uses [3(App)] 25 

Fig. A/15 William Harper. Barbarian Bracelet #1, 
(1980) 

(Source: MANHART, M. &T. (1987) The Eloquent Object - The Evolution of 
American Art in Craft since 1945. Philbrook Museum of Art, Seattle, 

Washington. p. 64) 

Gold and silver cloisonne enamel on copper, sterling silver with 
24k gilt copper electroplate, (6d. in - 15d. cm). Collection of 

Lois Boardman, South Pasadena, California, USA. 
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Fig. A/16 James Cox. Perforated Zinc Plated Hat 
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Fig. A/17 James Cox. Body Jewellery 

Electroformed and patinated 
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Fig. A/18 James Cox. Sea Urchin Door Handle 

Fabricated in resin and brass. Electrodeposited in copper and 
patinated 
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Fig. A/20 Third Year Undergraduate Work. Discoidal Bowl 

Fig. A121 Sarah Montague. 
Sculptural Form derived from a Sycamore Seed. 

Blown glass form, bearing an electrodeposited copper rim and rich blue patina 

Fused glass canes, cast glass marbles and beechwood, joined together using the 
electrodeposition process. The copper was oxidised to create a range of iridescent 

metallic colours 
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Fig. A/22 Third Year Undergraduate Work. Ammonite/Sculptural 
Shell Form 

r ,.... F' j 

�e % 
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Cast glass form, bearing a nodular encrustation of electrodeposited copper. 

Fig. A/23 Sarah Greenwood. Experimental Surface Decoration 

Blown glass form, engraved by hand, electrodeposited copper around the rim and 
base, oxidised. 
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Fig. A/24 Sarah Greenwood. Medieval Drinking Horns 

Freeblown clear and amber tinted glass forms, sandblasted and engraved, 
electrodeposited copper, patinated. 
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Appendix to Chapter 4C 

Section 1: Health and Safety Guidelines 

When mixing electroplating solutions always: 

o Follow the instructions precisely, carefully, and systematically. 
o Wear protective clothing at ALL times, including goggles, thick 

rubber gloves, plastic aprons, and substantial footwear. 
o Use the designated chemicals in the quantities and concentrations 

specified. These should be of a high-grade purity, and correctly 
labelled. 

o Use strong, resilient containers (eg. glass) to mix chemicals. These 

should be cleaned thoroughly before use. 
Never rush. 

Wherever possible avoid using tap water. It is preferable to use distilled or 
deionized water because of its high level of purity. Always mix chemicals in 

a well ventilated area, avoiding exposure to heat, damp, or naked flames. 
Any equipment or containers used for mixing or holding cyanide 

solutions MUST be kept completely separate from those used for acid 
solutions. This is ESSENTIAL if the emission of poisonous gases is to be 

avoided. 

CYANIDE-based solutions MUST be kept AWAY from ACID-based 
solutions AT ALL TIMES. To avoid cross contamination these should be 
situated at opposite ends of the workshop. 

Handling corrosive substances 

Acids 
The A/C must exercise particular care when handling concentrated acids, 
which can be extremely corrosive. Always ensure that suitable protective 
clothing is worn. 

Accidental spillages of acid must be dealt with immediately. These 
should be diluted and washed away. Water should be directed at the edges 
before progressively moving towards the centre of the spillage. Particular 
care must be taken as concentrated acids are likely to fizz vigorously, and 
generate a considerable amount of heat during dilution. 

When mixing acids ALWAYS add acid to water and NEVER water to 
acid. 

Alkalis 
These include sodium and potassium hydroxide which are commonly used 
in cyanide solutions. When mixing alkalis, always dissolve in water first, to 
form a solution which can then be added to the electroplating solution in 
small incremental doses. Caustic alkalis emit a great deal of heat when 
dissolved in solution. 
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Cyanide 
o Avoid direct skin contact, ingestion, or inhalation of cyanide salts. 

Always wear appropriate protective clothing. Wash utensils, buckets 

and finally hands thoroughly after handling cyanide-based 
substances. 

o NEVER allow CYANIDE to come into contact with ACID as prussic 
gas is produced, which is extremely poisonous and can be lethal. 
Where it is necessary to transfer an artefact from an acid solution to a 
cyanide solution (or visa-versa), ALWAYS ensure that the object is 
immersed and thoroughly rinsed in running water for at least ten 
minutes before transferring it to the cyanide solution. 

o Cyanide solutions emit HYDROCYANIC GAS, which if inhaled can 
be lethal. Good ventilation is therefore ESSENTIAL (alternatively 

work outside). 
o NEVER take food or drink into rooms where cyanide is present. 
o Cyanide must be stored separately from all other chemicals in a 

locked cupboard. All storage containers must be labelled and tightly 
sealed to prevent the absorption of moisture, and the emission of 
poisonous gas. 

o Cyanide solutions must NOT be disposed of down the drain. 
Unwanted chemicals and effluents must be stored and disposed of 
properly via a local chemicals/electroplating company. 

Important Note 
It is outside the scope of this thesis to provide a comprehensive explanation 
of all of the chemicals involved in the electrodeposition or preparation of 
glass substrates. It is therefore crucial that additional advice (and COSHH 

sheets) are obtained when purchasing chemicals. Toxic or dangerous 

chemicals should NOT be mixed without a thorough, prior understanding of 
the reaction involved; where necessary, professional advice and supervision 
should be sought. 

Section 2: Average Cathode Current Efficiencies 

The term ̀ cathode current efficiency' (frequently abbreviated to CCE) refers 
to the ability of a solution to use all of the available source of electricity 
directly in depositing metal. Solutions with low-efficiencies consume a 
proportion of the current in the production of gaseous by-products. High 
efficiency solutions are naturally more economical to run. The typical CCE 
of common electroplating solutions are shown in Table A/l. 
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Table Ah. Average Cathode Current Efficiencies 
The figures given below are very approximate since efficiencies will vary with 
conditions. 

Electroplating Solution I C. C. E. as a% 
Copper (Acid) 95 - 99% 
Copper (Cyanide) 30 - 60% 
Gold 70 - 85 % 
Nickel 94 - 98% 
Silver 100% 
Rhodium 35 - 40% 

(Source: OLLARD, EA (1969) Introductory Elecbmplating. Teddington: Robert Draper Ltd., p. 295). 
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Section 3: Fig. A/25. Cannings Technical Data Sheet 

- Cuprasol Mk. 5 

Wm. Canning Ltd 
Surface Finishing Division CAfVNING 
ºow. xe 
G.. a Nrnpwn St 
Ownw 9hWo oII us 
T. sp ow« 0121236 1621 
fare W: 0121236 04U 

TECHNICAL DATA SHEET 
N° 2384C 

CUPRASOL MK. 5 
BRIGHT LEVELLING ACID COPPER PROCESS 

Cuprasol Mk. 5 is a decorative acid copper plating process. It is based on a stable additive 
system and provides a high degree of brightness and levelling. The excellent bright throw 
makes it particularly suitable for plating on plastics and barrel operation. 

FEATURES BENEFITS 

Fully bright, excellent bright throw Consistent performance for plating on 
plastics and barrel applications. 

High levelling Good scratch hiding properties 

Stable additive system Improved performance consistency. 
Easy to restart after shutdown period. 
Reduced buildup of breakdown 
products. 

Wide range of operating parameters Easier to operate and control 

1 

n. pae«. a afire: 133 cram wmw«o su... D rmi qh. m U. K. Big PS 
II99n1. MId Ne. 1290112 England VAT Na GIN 056 1343 46 
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Section 5A: Analysis and Control of Electroplating 
Solutions 
As the quality of the metal deposited and long-term serviceability of the 
electroplating solution rely emphatically upon maintaining it in a good stable 
operating condition, regular analysis is of vital importance. The results of 
any analysis should be recorded and used as a valuable source of reference. 
Conducting tests will ensure successful results are obtained, and will 
optimize the efficiency of the solution. Any incipient problems will also be 

revealed, enabling them to be resolved before they develop into more 
complicated issues. 

Routinely conducted (quantitative) analysis techniques are used to 
accurately determine the amount/concentration of any specific constituent in 
the electroplating solution, to ensure it is within the recommended operating 
parameters. Many professional plating companies have established technical 
centres/laboratories which undertake the routine analysis of plating solutions 
for individuals and industrial concerns for a small charge. They also offer 
advice and practical assistance in running and maintaining solutions. It is 
highly recommended that where very toxic solutions (eg. cyanide-based 
electroplating solutions) or highly sensitive solutions (eg. nickel 
electroplating solutions) are employed, the newly initiated A/C enters into 
consultation with these companies, and exploits this service until adequate 
confidence, experience, and skill has been developed to enable the operator to 
test and maintain plating solutions independently. 

For the more avid A/C enthusiast, simpler and more stable electrolytes, 
such as copper sulphate solutions, can be tested, monitored, and controlled 
with relative ease. In these circumstances, volumetric analysis procedures 
offer a convenient and economical method of testing solutions, since they are 
accurate, capable of being conducted with speed, and only require a very 
minimal/basic knowledge of chemistry. In principle volumetric analysis 
methods rely upon basic titration procedures. This involves adding a 
`standard solution' of known concentration, to a sample of the electroplating 
solution in small quantities in the presence of an `indicator'. In excess, this 
causes a chemical reaction to occur, signified visually by a transformation in 
colour of the solution or by the formation of a precipitate. The amount of 
`standard solution' added to provoke this reaction is recorded, and from this 
it is possible to determine, through simple calculations, the amount of a 
chemical `ingredient' present in the electroplating solution . 

If a chemical is found to be deficient or excessive, appropriate steps can 
then be taken to adjust and correct the solution to return it to its preferred 
concentration and optimum operating condition. The replenishment of any 
chemicals should be structured so that additions are made frequently and in 
small quantities. This will avoid unnecessarily upsetting the chemical 
equilibrium of the solution. 

Regularity of analysis 
With so many variables involved - rate of decomposition, stability, usage, 
and efficiency of solutions - it is difficult to stipulate a precise schedule for 
analysing electroplating solutions. However, the frequency with which the 
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various constituents of a solution need to be analysed will usually be 

greatest when installing a new plating facility. Thereafter this can gradually 
be decreased as the operator's knowledge of the solution becomes more 
comprehensive. However, as a rough guideline, during normal usage: 

Acid copper sulphate solutions: should be analysed approximately 
every two to three months (or if used regularly 
monthly). 

Nickel solutions: Metal and chloride concentrations should be checked 
weekly and Boric acid concentrations fortnightly. 
pH levels change very rapidly and should be checked 
daily. 

Cyanide solutions: (copper and silver) 
Metal and free cyanide concentrations should be 
analysed weekly. 
Carbonate levels need to be checked less regularly. 

Sampling solutions 
If testing procedures are to be accurate and meaningful, it is important to 
ensure that the sample extracted from the plating tank for analysis is truly 
representative of the overall composition/concentration of the solution. 
Where continuous filtration and agitation are in operation, the solution is 
likely to be well-mixed and homogeneous. However, in still solutions, 
stratification is likely to occur, and the solution is likely to be considerably 
more dense/concentrated at the bottom of the tank than at the top. Still 
solutions must therefore be thoroughly mixed/stirred before withdrawing a 
specimen sample for analysis. 

Recommendations 
Self-implemented volumetric analysis is only really practical for the newly 
initiated A/C in relationship to acid copper sulphate solutions. As such, the 
following directions are for conducting tests specifically on this 
electroplating solution. This describes the procedures involved. Directions 
for the volumetric analysis of other more complex plating solutions are 
outlined with clarity in numerous specialized text books which are readily 
available to the A/C. It is recommended that these are consulted for further 
details by those wishing to negotiate the analysis of more complex 
electroplating solutions. 

General points of reference relating to volumetric analysis procedures 
When conducting volumetric analysis, it is essential to: 

o Use high-grade chemical reagents of known purity (and of the 
correctly specified concentration). These are available from any 
reputable chemical supplier. 

o Use clean pipettes and glass beakers, bearing accurate measuring 
graduations. 
Use accurate scales/balances for weighing out chemicals. 
Follow any directions given with precision and care. 
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Treat ALL chemicals as dangerous substances. Ensure appropriate 
health and safety precautions are taken, and protective garments 
(goggles, gloves, etc) are worn. Good ventilation is essential. Any 

accidental spillages of reagents should be neutralized and cleaned 
immediately. 

Section 513: Volumetric Analysis of Acid Copper 
Sulphate Solutions 

This method is used to measure the amount of a chemical constituent present 
within the electroplating solution. Copper sulphate solutions can be 
analysed to assess levels of: 

o Copper 
o Sulphuric acid 
" Chlorine. 

Through practical experimentation the following methods were found to 
promote the best results. 

Determining the copper concentration 

Chemical reagents 
o `Sulphon Black F: a suitable `indicator' can be made up by 

dissolving 0.5 gms of fast Sulphon Black F in 100 ml of distilled 
water. This must be freshly mixed. 

"A sample of the electroplating solution. 
o Concentrated ammonia solution. 

(0.01 Molar) EDTA (ethylene diaminetetra acetic acid). 
Pure distilled or deionized water. 

Procedure 
1. Take 10 mis of the electroplating solution. Make this up to 100 ml by 

adding deionized water. Pipette 25 ml of this solution into a conical 
flask (discard the rest). 

2. To this 25 ml sample of diluted electroplating solution, add 5 ml of 
concentrated ammonia solution. (This will turn the solution a 
purple/cobalt blue colour. ) Then add 5 drops of the indicator solution 
`sulphon black'. Mix well. 

3. Fill a pipette with EDTA. Placing the conical flask containing the above 
solution beneath the pipette, gradually add the EDTA in lcc graduations 
(this is referred to as ̀ titration') until a change in colour is observed. 
(Agitate the solution well each time an addition is made to ensure a 
homogeneous mix of the chemicals is obtained. ) This is referred to as 
the end point of the reaction, and can be recognized by a transformation 
in colour from purple/cobalt blue (passing through turquoise) to green. 
Record the quantity of EDTA(in ml/cc) required to bring about this 
reaction. 

4. The copper concentration can then be determined using the following 
calculation. For simplicity this has been broken down into a number of 
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stages. This has been illustrated for the A/C by taking an example in 

which the solution under analysis was titrated using 19 ml of EDTA. 

1. 
Volume of EDTA x 0.0 1 (molarity of EDTA) 

= Moles of copper 
1000 

Example: 
19ml of EDTA x 0.01 

_ 0.00019 moles of copper 
1000 

ii. Moles of copper x molecular weight of copper (63.6) = Amount 

of copper (in grams) in the diluted sample of the solution. 
Example: 0.00019 x63.6 = 0.012 gm of copper. 

iii. The amount of copper in the original (undiluted) sample can now 
be calculated: 
Grams of copper in the diluted sample x4x 10 = grammes of 
copper in the undiluted 10 ml sample of solution. 
Example: 0.012 gm x4 x10 = 0.483 gm of copper. 

iv. To calculate the amount of copper present in 1 litre of solution: 
Grams of copper in 10 ml sample x 100. 
Example: 0.483 gm x 100 = 48.3 gm of copper per litre of the 
electroplating solution. 

v. To transfer grams of copper per litre into grams of copper 
sulphate per litre of the electroplating solution (if required): 
Grams of copper per litre of the electroplating solution x 3.927 = 
copper sulphate per litre of the electroplating solution. 
Example: 48.3 gm x 3.927 = 189.7 g/l of copper sulphate. 

Estimating the free sulphuric acid present 

Chemical reagents 
0 (IN) sodium hydroxide solution. 
0 Indicator - methyl orange. 
o Distilled/deionized water. 
oA sample of the electroplating solution. 

Procedure 
1. Take 10 ml of the electroplating solution in a conical flask. Make this up 

to a volume of 50 ml by adding distilled water. 
2. Add a few drops of the methyl red indicator until the solution changes 

colour to purple. 
3. Fill a burette with the sodium hydroxide solution. Position the conical 

flask (containing the electroplating solution and indicator) beneath the 
burrette and slowly add the sodium hydroxide in 1 ml graduations, 
agitating and mixing the solution thoroughly between each addition. 
Continue until the solution changes colour from black/purple to a 
blue/grey/green coloration. This is referred to as the end point of the 
reaction. The amount of sodium hydroxide required to reach this should 
be recorded in ml/cc. 
(Note: sodium hydroxide added in excess will turn the solution mauve. 
If this occurs, the results will have to be discarded and the experiment 
repeated. ) 
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4. The amount of sulphuric acid in the solution can then be calculated by 

using any one of the following formulae: 
ml of sodium hydroxide x 4.9 = g/l sulphuric acid 

x 0.784 = oz/gal sulphuric acid 
x 0.444 = fl oz/gal sulphuric acid 96% 
x 2.76 = ml/l sulphuric acid 96% 

Example: 
If 9.2 mis of sodium hydroxide were added: 
9.2 x 4.9 = 45 gm per litre of sulphuric acid present in the 

electroplating solution. 

Chloride concentration 
This is not especially critical, and is usually best left to professional 
analysis, which can be conducted every six months. 

Section 6: High-efficiency Copper Cyanide Solutions 
(for heavy copper deposition) 

Producing very thick deposits on complex shapes 
Where very thick, heavy deposits of copper are required on very complex 
recessed forms (which are not capable of deposition from a conventional 
acid copper sulphate solution), the A/C can resort to using a `high- 
efficiency' copper cyanide solution. Based on potassium cyanide, these are 
extremely concentrated, bearing high metal and low cyanide concentrations. 
Characteristically they have a very good throwing power and extremely high 
cathode current efficiency (100%), which renders them capable of 
depositing metal at very high current densities with great efficiency and 
speed. 

Whilst on rare occasions it may be necessary to use a high-efficiency 
copper cyanide solution, it is not generally recommended as these solutions 
have a number of major drawbacks for the A/C: 

They are very expensive to run, less stable, and more difficult to 
maintain than low-efficiency solutions. 

0 They operate at elevated/high temperatures which restricts their use, 
especially in relationship to glass substrates. This may cause the 
deposit to peel and lift away from the glass, resulting in poor 
adhesion. As such, ̀high-efficiency' copper cyanide solutions, 
which operate at as low a temperature as possible, must be employed 
for this purpose. 

Typical examples of high-efficiency copper cyanide solutions are shown in 
Tables A/3 and A/4. 
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Table A/4. High-efficiency Copper Cyanide Solutions (based on sodium 
cyanide) 

Composition - Examples 
Chemical Constituent Solution No: 1 Solution No: 2 Solution No: 3 
(Source of reference) (Hal 1977, P. 220) (Prneº1962. p. 51) (Lower eim 1978, p. 196) 

"U. SA British U. SA " British U. S. A. British 

oz/gal M ozl QW 01 - al oz/ oz/Oal oz/gal oz/Gal 94 
Basic Composition 
Copper Cyanide 75 10 12 60 8 9.5 75 10 12 
Sodium Cyanide 93 124 14.9 -- - 100 13.4 16 
Sodium Hydroxide 30 4 4.8 15 2 2.4 30 4 4.8 
Rochelle salt -- - 45 6 72 optional 

Operating Co Bitions 
Temperature 71°C 160°F 43-65°C 110-150°F 63-82°C 145-180°F 
Current Densfty 62 Ndm2 60 As( 0.5-4.0 Ndmz 5-40 Asf 1-10 A/dm2 10-100 As( 

Section 7A: Stress in Electrodeposited Metal 

Two types of stress exist in electrodeposited metal. These are: 

Tensile stress 
where the deposit contracts or lifts up or peels away from the edges of the 
substrate surface. In excess, tensile stress causes curling and cracking 
around the peripheral edges of the deposit. 

Compressive stress 
where the deposit expands, increasing in size to become larger than the 
substrate surface upon which it was deposited. In excess, compressive 
stress causes the deposit to buckle and blister. 

Tensile Metal Compressive 

deposit 

'--Substrate--' 

Fig. A/26. Tensile and Compressive Stress Compared 

Many variables contribute to the amount of stress present in any given 
deposit, including the composition of the solution, the presence of additives, 
the operating temperature, and the current density used. 

In electrodepositing metal onto glass, stress is a crucial factor in 
determining whether the adhesion between the metal and glass will be 
sufficiently durable to enable the process to be exploited for practical and 
decorative purposes. To promote tenacious adhesion, it is essential that the 
metal is deposited in a minimal state of stress. The solutions recommended 
for use by the A/C for electrodepositing metals on to freshly metallized glass 
surfaces, which include copper sulphate and nickel sulphamate solutions, 
reflect this important consideration. The following table illustrates that very 
high levels of stress are present in many solutions. This information is 
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useful because it indicates which electroplating solutions are unsuitable for 
this application. 

Table A15. Typical Stress Values of Electroformed Metals 

Metal Bath Stress (MPa') 

Copper Cyanide 34 - 83 
Sulphate 2.8-14 

Nickel Watts 110 - 207 
(+ hydrogen peroxide) 275+ 
Sulphamate 3.4 - 55 

Silver Cyanide 14 - 27.6 
Gold Cyanide Compressive 

" Tensile 
(Source: LOWENHEIM, FA (1978) Electroplating - Fundamentals of Surface Finishing. New York: 
McGraw - Hull Book Company Inc., p. 435) 

Section 7B: Stress in Electrodeposited Nickel 

The control and maintenance of nickel solutions is important to enable 
deposits with minimal stress to be produced. 

The following diagrams illustrate why it is essential, in the first 
instance, to electrodeposit glass using a nickel sulphamate solution prior to 
subsequent electrodeposition in a bright nickel solution, if a strongly 
adherent nickel deposit is to be obtained. 

Columnar 

Stress is midly 

Glass 
substrate 

Fig. A/27. Using a Nickel Sulphamate Solution 

Nickel Sulphamate solutions are very pure, and as such, deposit metal in a 
`mildly compressive' state, ie with minimal stress. This renders the solution 
ideal for promoting tenacious adhesion between the electrodeposited metal 
and freshly metallized glass surface. The deposits produced are granular and 
dull. 

Stress is very 

lame) lear 
pttensile 

growth-* 
Glass 
substrate 

Fig. A/28. Using a Watts Bright Nickel Solution 

As Watts Nickel solutions contain organic additives/brightening agents 
which are necessary to produce fine grained lustrous deposits, they tend to 
deposit metal in a very tensile state of stress. Direct deposition from this 
solution onto a metallized glass substrate would result in non-adhesion and 
peeling of the deposit away from the glass. 
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Therefore, solution A is recommended for use in initiating the good 
adhesion of metal to glass, and solution B for producing decorative, 
smooth, bright nickel finishes. 

Section 8: Conventional (potassium cyanide based) 
Silver Plating Solutions 

BB: Tables A/6 to A/8 show typical examples of potassium based silver 
cyanide solutions. Examples of sodium based silver cyanide solutions, 
which are more highly recommended for use by the A/C practitioner, are 
referred to in Chapter 4C of the main thesis. 

Table A/6. Silver Strike Solutions 
Chemical Constituent Composition Range Example 

Solution No: 1 
(Soufce Of reference) (Lcwenheirn 1978, p. 261) (Blurs + Hogaboorn 1949, p. 301) 

" U. SA British U. SA British 
94 oz/gal oz/gal oz/gal oz/gal 

Basic Composition 
Silver Cyanide 1.5-6 02-0.7 024-0.8 6.6 0.9 1.0 
Potassium Cyanide 75-60 10-12 12-14.4 75 10 12 
Potassium Carbonate -- 15 2 2.4 
operating Condib«rs 
Temperature 22-30°C 71-86°F 27°C 80°F 
Current Density 1.6-3 A/dm2 1 5-30 Asf 0.5-1.6 Ndn2 5-15ILsf 

Table AR. Conventional (Low-efficiency) Silver Plating Solutions - 
Thin deposits 

Chemical Constituent Composition Ranges Exam les 
Solution No: 1 Solution No: 2 

(Source of reference) (LoweMem 1978, p. 259) (Blum + Hogaboom 1 949, P. 301) (Ollard 1969. P. 190) 

" U. S. A. British " U. S. A. British " U. SA British 
z/gal OZ/CO 94 oz/Oal oz/qal g4 oz/gal oz/gal 

Basic Composition 
Silver Cyanide 30-55 4-73 4.8-8.8 36 4.8 5.8 25 3.3 4 
Potassium Cyanide 50-78 6.7-10.4 8.0-12.5 60 8 9.6 37 4.9 5.9 
Potassium Carbonate 15-90 2-12 2.4-14.4 45 6 72 25 33 4 
Operating Conditions 
Temperature 20-28°C 68-83°F 27°C 80°F 20-27°C 68-81°F 
Current Density 0.5 -1.5 A/dm2 5-15 Ast 0.5 -1.5 A/dm2 5-15 Asf 0.3 -0.4 Ndm2 3-4 As( 

Table A/8. High Speed (High-efficiency) Silver Plating Solutions - 
Thick deposits 

Chemical Constituent Composition Range Examples 
Solution No: 1 Solution No: 2 

(Source of reterorxe) (Lowerft n 1978, p. 258) (Blum + Hogaboo n 1949, p. 302) (Ollard 1969. p. 192) 

" U. S. A. British U. S. A. British U. SA British 
oz/gal oz/gal ozIgal oz/gal C oz/gal MAW 

Basic Composition 
Silver Cyanide 45-150 620 7.2-24 41 55 6.6 38 5.1 6.1 
Potassium Cyanide 70235 9.3-31.4 112-37.6 60 8 9.6 50 6.7 8.0 
Potassium Carbonate 15-90 2-12 2.4-14.4 60 8 9.6 44 5.9 7.1 
Potassium Hydroxide 4-30 0.5-4 0.6-4.8 11 1.5 1.8 12.5 1.7 2.0 
Potassium Nitrate 40-60 5.3-8 6.4-9.6 
Cperatlng Corxitons 
Temperature 38-50°C 100-122°F 45°C 113°F 30 -40°C 86-104°F 
Current Density 0.5-11 A/dm2 5 -100 Asf 11 A/dm2 to 100 Asf u to 8 A/dm2 to 75 Ast 



Section 9: Fig. A/29. Recommended Routes for the Electrodeposition of Gold/Silver onto Glass 
Method No: 1 Method No: 2 Method No: 3 

I 

Metallize the glass surface 
(eg: using silver electrodags bonded/fired 

into the surface of the glass) 
I 

Wash in a soapy solution and rinse thoroughly 

Acid dip in 10% sulphuric acid solution 
(15 seconds). Rinse thoroughly 

I 

Electrodeposit the glass using an acid copper 
sulphate electroplating solution to build up the 

required thickness of metal 
I 

Rinse thoroughly for 10 minutes in 

agitated/running water 
I 

Electrodeposit the glass using a silver strike 
electroplating solution. This will produce a thin 

`flash' of silver (1-2 minutes) 
I 

Transfer the glass im mediately, to a standard 
silver plating solution 

For a thin deposit of For a thick deposit of 
silver use a. silver use a 

conventional silver high-speed silver 
plating solution. This plating solution. 
will produce a semi- This will produce a 

bright finish. bright/lustrous finish 

Rinse thoroughly in running water. 
(10 minutes) 

I 

Anti-tarnish treatment 

I 

Metallize the glass surface 
(eg: using silver electrodags bonded/fired 

into the surface of the glass) 
I 

Wash in a soapy solution and rinse thoroughly 

1 

Acid dip in 10% sulphuric acid solution 
(15 seconds). Rinse thoroughly 

I* 
Electrodeposit the glass using a dull nickel 
sulphamate electroplating solution to build 

up the required thickness of metal 
I 

Rinse thoroughly for 10 minutes in' 

agitated/running water 
I 

(i) Immersion caustic clean 
(ii) Cathodically clean the glass to 

re-activate the existing nickel deposit 

I 

Rinse briefly in running water 

I 

Acid dip in 10% sulphuric acid 

I 

Rinse thoroughly in running water 

I 

Electrodeposit the glass using a Watts' 
bright nickel plating solution. The amount 

of metal deposited should be of a 
sufficient thickness to produce a 

lustrous/highly reflective surface finish 

I 

Allow to cool to avoid stressing the glass 

I 

Rinse thoroughly for 10 minutes 
in running water 

Footnotes 

(i) Where very sensitive metallizing agents 
are employed the initial wash/rinse and 
acid dip should be omitted. These 
surfaces may be too delicate to undergo 
this treatment without being damaged. 

(ii) In method No: 2, it is essential for the 
stages between the two asterixs' (*) to be 
conducted as a continuous/uninterrupted 
procedure if good adhesion is to be 
achieved. 

I 

Transfer the glass to a conventional 
silver plating solution 

I 

Rinse thoroughly in running water 
(10 minutes) 

I 

Anti-tarnish treatment 

Metallize the glass surface 
(It is essential to use strongly adherent 

metallizing media - eg a lustre or silver 
electrodag fired into the surface of the glass) 

I 

Wash in a soapy solution and rinse thoroughly 

I 

Acid dip in 10% sulphuric acid solution 
(15 seconds). Rinse thoroughly 

I 

Cathodically clean using a cold (caustic) 

cyanide cleaner. 
eg. Cannings "Klenewell" (2 minutes) 

I 

Rinse thoroughly 

I 

This stage is advisable but not essential. 
Electrodeposit the glass using a silver strike 
electroplating solution. This will produce a 

thin `flash' of silver (1-2 minutes) 
I 

Electrodeposit the glass using a high-speed 

silver plating solution to build up the 
required thickness of metal 

I 

Rinse thoroughly in running water. 
(10 minutes) 

I 

Anti-tarnish treatment 

Footnotes (continued) 

(iii) In method No: 2, the pH of the nickel 
plating solution is important. There must 
be a difference of at least 0.3 between 
the nickel sulphamate solution (which 
should have a low pH of 3.5 - 4.2) and 
the Watts nickel solution (which should -- 
have a high pH of 4.2 - 4.5) if good 
adhesion is to be achieved. 

(iv) Whist method No: 3 appears to be the 
simplest and most direct route it is likely 
to produce the least adherent deposit. In 
terms of producing a strongly adherent 
and stress-free deposit, method No: 2 is 
likely to give the most superior results 
and is therefore recommended for use. 

(v) Anti-tarnish procedures are referred to in 
Chapter 7. 

I* 
Electrodeposit the glass using a silver strike 
electroplating solution. This will. produce-a 

thin `flash' of silver (1-2 minutes) 
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Appendix to Chapter 4D 

Section 1: The Ease with which `Metal Salts' Dissolve 
into Solution to Form `Electrolytes' 

The galvanic series (also known as the `electrochemical series') is a 
scientific table which indicates the ease with which metal salts dissolve and 
`ionize' under static conditions. This is fundamental to forming 

electroplating solutions. The series illustrates the extent to which respective 
metals will go into solution. 

Table A/9. The 'Electrochemical Series' 

Metal Chemical 
Symbol 

Zinc - Zn 
Chromium - Cr Metals higher Metals lower 
Iron - Fe up in the down in the series 
Nickel - Ni series are more are more'electro- 
Tin - Sn 'electro- positive' (+) 
Lead/Hydrogen - Pb/H negative' (-) and are easier to 
Copper + Cu and are more electroplate 
Silver + Ag difficult to 
Platinum + PI electroplate. 
Gold + Au I .L 
Na: This table only shows a selection of the metals in the electrochemicAl series (those of greatest interest 

to the A/C). 

(Source: CANNING LTD, W. (1978) Canning Handbook on Electroplating. Birmingham. Canning Ltd & E. F. 

Span Lid. ) 

Metals below hydrogen in the table are electrodeposited from aqueous 
solutions with relative ease. These more noble metals are not readily 
attacked by air or water, and do not easily dissolve into solution. Within the 
series these ̀electropositive metals' are electrodeposited in preference to 
`electronegative' metals. 

Those metals above hydrogen in the table are more difficult to 
electrodeposit, despite showing a greater tendency to dissolve and corrode 
in solution. ̀Electro-negative' metals which include zinc and nickel can only 
be electrodeposited using a ̀ hydrogen overvoltage'. 
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Section 2: Chemical Terms and Definitions 

The 'electrochemical equivalent' of a metal 
Is the weight of an element or compound. This can be calculated by dividing 
the atomic weight of the metal by its valency. For example, the 
electrochemical equivalent of copper (in an acid based solution) is 

63.50 
= 31.75 

2 

The `valency' of a metal 
Refers to the number of hydrogen atoms which will combine with one atom 
of an element. Some metals can exist in one of several forms. For example, 
copper in a cyanide solution is said to be monovalent - that is it has a 
valency of one, whereas copper in an acid plating solution is divalent, and 
has a valency of two. The A/C should refer to Table 4/13 (Chapter 4D) for 
further information. 

The `atomic weight' of a metal 
Is the weight of one atom of an element. This is calculated by multiplying 
the electrochemical equivalent of a metal by its valency. 

Atomic weight = valency x electrochemical equivalent 

'One ampere hour' 
Is equivalent to one amp flowing (through an electroplating solution) for one 
hour. 

A Faraday 
Is the quantity of electricity required to deposit 1 gram equivalent of a metal. 
As one faraday represents 96,500 coulombs of electricity, one ampere hour 
is 1x3,600 seconds, or 3,600 coulombs. Therefore in one ampere hour the 
weight of metal deposited from a given solution can be calculated 
accordingly: 

Electrochemical equivalent of the metal x 3,600 secs 
_ gms of metal deposited 

96,500 

For copper (from an acid solution, and therefore in a divalent state) this 
would be: 

31.75x3,600 
_ 1.18 gms of copper 96,500 

The electrochemical equivalents of metals and the amount of metal 
typically deposited from electroplating solutions when ̀ 1 amp is passed 
through the solution for 1 hour' are shown in Table 4/13: 

This can be used to compare the speeds at which different electroplating 
solutions deposit metal when employed under the same operating 
conditions. 
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Section 3: Fig. A/30. Formulae for Calculating 
Surface Areas 

A combination of the following formulae may be used to calculate the 
surface area of more complex forms. 

Rectangle Sphere 

Height 
Diameter 

Length 
Area = Length x Height Area = n(Diameter)2 

x2 when electroplating both sides 

Cone 

Triangle 
ö 

klo 

Height 
/-------ý\ 

Diameter 

Length it x Diameter x Slope Area = 2 
Area = 

Length x Height 
2 

Cylinder 

Circle 

Height 

X4 cfiu 

Diameter 
Area = n(Radius)2 

Circumference = 2nxRadius Area = nxDiameterx Heigh 

(Source: POYNER, J. (1987) Electroplating. Hemel Hempstead Argos Books Ltd., p. 11) 
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Appendix to Chapter 6A 

Section 1: Preparing Non-Conductive/Conductive 
Substrates for Electrodeposition 
The following resume comprises of a brief summary of the procedures 
employed in preparing miscellaneous substrates for electrodeposition. The 
A/C may wish to use these materials in conjunction with glass for the 
creative exploitation of the electrodeposition process. 

Metal substrates 
Most metals are conductive and therefore do not require metallization. 
Their preparation for electroplating consists of wiring up and cleansing. 
Metal components must be subjected to a cleaning cycle. Whilst this is 
likely to vary depending upon the specific properties of the metal this 
should consist of several stages namely: 

(i) mechanical surface preparation - to remove roughness and refine 
the finish of the object 

(ii) solvent cleaning (an immersion process to remove heavy soils) 
(iii) alkali cleaning and 
(iv) pickling/acid dipping. 

A final process of electrocleaning may also be used (In this process 
the object is made the anode in an electrocleaning solution. An electrical 
current if then applied, to generate gases at the surface of the object which 
vigorously scrub the metal. Electrocleaning may precede or follow the 
pickling stage. Again it is important to rinse the object between each 
consecutive stage of the cleaning cycle). 

Non-conductive substrates 
In principle all non-conductive substrates are prepared using the basic 
procedures referred to in relationship to glass. The substrate surface must 
be appropriately wired up to ensure a good electrical contact is made, 
before being cleaned and rendered conductive using an appropriate 
metallizing medium. Where porous substrates are used (wood, fabric, 
plaster, paper etc) they must be made completely impervious prior to 
metallization. Several coatings of a special lacquer must be applied to all 
surface areas of the artefact regardless of whether complete or partial 
deposition is required. This will provide protection and enable the object 
to be exposed to the plating solution for an extended period of time, 
without adversely effecting the chemical composition of the electroplating 
solution or the success of the deposition process. The object may be 
rendered impervious through surface impregnation, via dipping, brushing 
or immersion in either wax, shellac or lacquer. Suitable commercial 
products, known to the trade as "stopping-off" compounds are highly 
recommended for use (these are available from any reputable plating 
establishment). Examples of suitable proprietary products include 
Cannings "Heavy-body Covolac". This comprises of a highly sensitive and 
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fairly thin lacquer, which has been designed to minimize any potential loss 
of surface detail. Other suitable alternatives include; 

oA molten wax comprising of (Source: Newman 1979, p. 31); 
4 parts Beeswax 
12 parts Paraffin 
2-3 parts Rosin 
The solution is warmed, the object is then immersed for 
approximately 30 minutes until bubbling ceases. 

oA wax solution containing carbon-tetrachloride. The object is 
simply dipped into the solution and allowed to dry. (Source: Blum & 
Hogaboom 1949, p. 224). 

The creative implications and potential for electrodepositing porous/non- 
conducting substrates in conjunction with glass are explored in greater 
detail in Chapter 7. 

In contrast non-porous, non-conductive substrates such as plastic and 
resin will require surface roughening prior to deposition. Modem methods 
of electroplating plastics are sophisticated, highly successful, and readily 
accessible through a range of specialist companies. However, within the 
practical limitations of a small workshop, plastics can be roughened by 
lightly abrading and scouring the surface with pumice -a slurry of 
trisodium phosphate. Ceramic objects may be roughened by etching the 
surfaces in a solution comprising of 49g/1(6.5 oz/gal customary U. S. A. 
units) of chromic acid, 10% by volume sulphuric acid and 10% by volume 
hydrofluoric acid. (This is highly toxic and appropriate safety precautions 
must be taken). (Porous, biscuit fired ceramic ware must then treated in a 
mild alkaline cleaner and rendered conductive). 

Where feasible, after surface roughening and lacquering procedures 
have been completed, the object should undergo alkaline cleaning in a 
suitable detergent prior to metallization. Most of the methods of instilling 
conductivity have already been referred to in Chapter 6B, and should be 
consulted as required. In addition it is important to remember that where 
flammable substrates are used (eg. paper), low temperature metallizing 
procedures must be employed to engender a conductive surface. Those 
methods most highly recommended for use include bronze powders, 
graphite, copper lacquers and silver aquadags. In circumstances where it is 
important to preserve the integrity of detailed and delicate surface texture 
chemically reduced films of silver are advocated for use. 

With the exception of plating on plastics (where more advanced 
processes can be exploited), the principle of encapsulation must be strictly 
followed, if a strongly adherent deposit of metal is to be obtained on non- 
conductive substrates. However by relying upon simple and practical 
methods of preparation, and employing skill and ingenuity the A/C can 
find enormous flexibility and at the same time instil an element of control 
and precision in the electroplating/depositing process. 
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Section 2: The Removal of Tenacious Dirt from 
Sandblasted Surfaces 

On certain occasions sandblasting may be followed by the somewhat 
unconventional procedure of lacquer stripping. This is a simple and 
effective method of removing tenaciously adherent dirt, grime and grit 
particles. The lacquer usually consists of a suspension of nitro-cellulose in 
amylacetate. This is applied to the surface of the glass using a paint brush, 
a loop of wire is then inserted which on drying provides an anchorage for 
subsequent stripping. Since this leaves a residue of lacquer on the surface 
of the artefact the process must be followed by solvent cleansing 
procedures. 

Section 3: The Nature and Sources of Surface 
Contamination 

The selection of an appropriate cleansing procedure will be determined by 
the nature of the contamination likely to be encountered. Any glass 
substrate exposed to the atmosphere will become soiled with vapours and 
solid matter, which may present itself either in the form of a film of grease 
or as granular particulate matter. Common sources of contamination 
include debris which may originate from finishing operations, including 
cutting, grinding, polishing, or from greasy fingermarks incurred as a 
consequence of handling and manipulating the artefact during its 
fabrication. This results in soils such as water-based oxides, polishing 
residues, films of fats, waxes and greases, together with abrasives 
compounds becoming embedded in the surface, particularly in deep 
crevices and holes. These impurities must be eradicated to prevent them 
from contamination the electroplating solution, adversely affecting the 
conductivity of the metallizing medium and undermining the adhesion of 
the metal-to-glass bond. 

Some metallizing procedures, including vacuum deposition and 
chemical reduction, are especially sensitive to the presence of surface 
impurities, and require a particularly scrupulous and frequently more 
advanced/high-tech method of surface cleansing. The longer soil remains 
on the surface of the glass, the more tenaciously it adheres, and the more 
difficult it will be to remove. Generating an adequately clean surface can 
be a time consuming, difficult and delicate operation, nevertheless it is of 
unequivocal importance in promoting good adhesion. 

The level of cleanliness achieved must be sufficient to enable the 
electrodeposition process to proceed efficiently and to ensure that the final 
electrodeposited object can function reliably within its intended context, 
regardless of whether it is designed for a functional or decorative 
application. 
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Section 4: The Historical and Industrial Exploitation of 
Solvent Cleaners 

Solvent cleansing procedures are widely employed in industrial/ 

commercial contexts today. They are typically carried out using fully 

automated machinery. Solvent cleaning is principally used for preparing 
glass for chemical silvering (mirroring). This metallization procedure is 

especially susceptible and sensitive to surface contamination, therefore the 
effectiveness of the cleaning process is of the upmost importance. 
Traditional techniques of preparing glass for mirroring also incorporated 
etching procedures. In a typical cleaning cycle the glass would be swabbed 
in alcohol, cleansed with a detergent, and then etched in a solution of nitric 
acid for 15-20 minutes. Rinsing with water would then follow, prior to the 
employment of a solvent degreaser. Today the solvent cleaning process is 
used independently as a technique in its own right. 

With minor adjustments, the procedure outlined above could also be 
employed as a pre-amble to metallizing glass using `lustring' techniques, 
within this context solvent cleaning would be followed by rinsing in a 
weak alkali solution. This is in contrast to `vacuum deposition' techniques 
of metallization where the surface would be dried with an absorbent cotton 
cloth soaked in benzene. Generally solvent cleansing procedures produce 
excellent results and are highly recommended for use. 

Historically, many other processes can be cited which are notable for 
their curiosity - rather than their practical value. These include an 
interesting formulation tendered by Brook, Draper and Unwin (1874 - 
British Pat. No. 1492) which suggests scouring the glass with a finely 
ground powder of rouge and quicklime to remove grease, cleanse the 
surface and impart a polished surface sheen. An alternative procedure 
involves immersing the glass in a solution of iron sulphate and quicklime. 
These procedures are now obsolete and are not recommended for use 
today. 

Section 5: Mechanisms by which Detergents Dissolve 
Surface Debris 

Detergents and soaps comprise of several basic ingredients including soda 
ash (NaCO3), caustic soda (NaOH), sodium phosphate (NA3PO4) (to 
soften water), and sodium silicate (general formula: NA2SiO3). These 
chemical components interact to saponify the grease and converting it into 
a water soluble form. This can then be released from the surface of the 
glass by the action of softening and wetting agents which lower the surface 
tension, and allow the dirt to be dissolved and liberated so it can be 
suspended in the soapy solution. The presence of sequestering agents helps 
to prevent the precipitation of a soapy film on the surface of the glass. The 
final dispersion of soils is carried out by thorough rinsing. 
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Section 6: Strong Caustic Cleaning Solutions 

A good strong caustic solution (Source: Ammen 1986, p. 80) 
This can be produced by dissolving the following ingredients in one 
litre (gallon) of water - (U. S. A. customary units) 
15 g/l (2oz) Sodium Hydroxide 
75 g/l (10oz) Washing Soda 
15 g/l (2oz) Trisodium Phosphate 
7.5 g/l (loz) Sodium Silicate 

A milder/general purpose caustic solution 
(Source: Blum & Hogaboom 1949, p. 209) 
23 g/1(3oz/gal) Sodium Carbonate 
23 g/1(3ozfgal) Trisodium Phosphate 
8 g/1(loz/gal) Sodium Metasilicate 
8 to 15 g/1 (1 to 2ozlgal) Caustic Soda 

Section 7: Examples of Alternative Cleaning Cycles 
Method 1 (Source Stages 2-5: Wheeler 1958, p. 208) 
This procedure is advocated as a preparatory procedure for coppering 
(mirroring) glass: 

Cleanse the surface of the glass with a solvent degreaser. 
" Immerse for a few minutes in concentrated nitric acid. 
" Rinse thoroughly in deionized water. 
o Place in a warm solution of (1%) caustic potash for 30 minutes. 
o Rinse thoroughly in water for 30 mins and dry with a cloth 

saturated in benzene (or alternatively a cloth which has been boiled 
in castile soap and rinsed successively until the milky residue has 
been eliminated. Clothes prepared in this manner must be dried and 
handled with tongs or rubber gloves until they are required for use 
to avoid recontamination with finger greases). 

Method 2 (Source: Barr & Anhorn 1949, p. 239) 
This method is recommended as a preparatory procedure for silvering 
(mirroring) glass: 

c, Immerse the glass in a solution comprising of sodium bicarbonate 
dissolved in sulphuric acid for 30-45 minutes at 80°C (176°F). 

o Rinse thoroughly (6 times) in distilled water. 
o Leave immersed in a water bath until required for metallization. 

Method 3 (Source: Barr & Anhorn 1949, p. 253) 

C' Wash in a detergent, eg; ̀ Dreft', dissolved in distilled water. 
C. Immerse in a solution of sodium bicarbonate and sulphuric acid. 
" Rinse thoroughly. * 
o Rub the surface of the glass with cotton wool dipped in a mixture 

(1%) of `aerosol OT' and precipitated chalk. 
Repeat the third stage (*) and then immerse in water (for no more 
than 1 hour). 
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o Directly before use, wash the glass in two successive baths of ethyl 
alcohol. 

o Dry the glass using a lens tissue or a silk cloth which has been 

saturated in pure benzene and left to dry. 

Method 4 (Source: Wheeler 1958, p. 465) 

o Sandblast the surface of the glass. 
o Etch in nitric acid overnight. 
o Rinse thoroughly. 
o Immerse in hydrofluoric acid for 30 minutes. 
o Dry in an oven - at a temperature of 100°C (212°F). 
Note: the presence of a rust coloured residue on the surface of the 
glass indicates that the cleansing procedure has not been conducted 
thoroughly enough and must be repeated. 

Method 5 (Source: Blum & Hogaboom 1949, p. 226) 
This procedure is recommended as a preparatory procedure for wet 
metallizing, (eg: mirroring) glass 

o Cleanse the glass with a solvent degreaser, eg. alcohol. 
o Immerse in concentrated nitric acid 
o Rinse in distilled water. 
o Submerge the glass in distilled water until required for use. 

Method 6 
o Cleanse the surface of the glass with a solvent degreaser. 
o Beadblast - (Note: sandblasting is inappropriate for use) to produce 

a mechanically clean surface. 

Section 8: Advanced High-Tech Cleaning Methods 

Although strictly outside the practical or technical operating parameters of 
the A/C, it is of interest to briefly mention a few alternative methods of 
cleaning glass which are capable of producing microscopically or 
atomically clean surfaces. These highly sophisticated techniques, give rise 
to a superior level of cleanliness and are frequently used in conjunction 
with more sensitive metallizing procedures, eg. vacuum deposition. These 
methods include: 

Ultrasonic cleaning 
This involves immersing the object in an aqueous cleaning solution, which 
is then agitated by the application of high frequency sound waves. The 
solution tends to comprise of either fluorocarbons and chlorinated 
solvents, or a mild detergent and operates at an optimum temperature of 
around 60-65°C (140-149°F), to lift and scour the dirt and grime from the 
surface of the glass within a matter of seconds. Although financially 
unrealistic for the A/C, this option may be worthy of consideration where 
inherently valuable objects (eg. jewellery or high-tech field semi- 
conductors) or small objects require surface purification. The process is 
excellent for cleaning complex forms because it produces surfaces with 
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very low levels of residual contamination. This technique is less time 
consuming and labour intensive than those cleaning methods traditionally 
exploited by A/C. 

Vapour degreasing (or solvent vapour condensation) 
This process relies upon the use of cleaning solvents, eg. isopropyl alcohol 
or chlorinated hydrocarbons, which are vaporised (through heating 

elements) in a concealed unit/tank to produce a very hot dense purifying 
vapour. The glass is immersed in this atmosphere for between 15 seconds 
and several minutes. As the humid vapour comes into contact with the cold 
surface of the object it condenses producing a liquid which interacts to 
dissolve and eradicate any surface greases. Droplets of the contaminated 
liquid are then discharged from the surface and replaced by a fresh supply 
of the condensing solvent. The process continues until a stable equilibrium 
is reached between the temperature of the glass and the vapour. Extremely 

pure surfaces are produced, but glass cleansed in this way is static. 
Therefore to prevent the attraction of dust objects must be treated in clean 
`ionized' air. Vapour degreasing is usually employed as the final stage in 
the cleaning cycle. However it may be followed up by spray cleaning to 
remove particulate matter which cannot be eradicated by the process. 

Heat irradiation 
In this process the glass substrate is introduced to an atmospheric vacuum. 
By adjusting the environment to the correct temperature (100-350°C 
212-662°F) and exposing the glass for a given period of time (usually 
between 10-60 minutes), any volatile debris is effectively evaporated and 
eliminated from the surface. High purity atomic cleansing occurs at around 
450°C (842°F). This purification technique is especially appropriate where 
high temperature metallization procedures are to follow. 

Other treatments 
Flame treatment is a fairly effective low temperature (100°C - 212°F) 
cleansing process, which bares many similarities to the glow discharge 
technique and involves bombarding the glass surface with ionized 
particles. Another fairly new process relies upon ultra violet radiation to 
clean glass surfaces. The technique of purifying surfaces through electrical 
discharge is also practised using a gaseous atmosphere of argon or oxygen. 
However this is a very complicated process. 

Section 9: Testing for a `Clean' Water-Wettable Glass 
Surface 

An alternative test, based on the same principle as the technique described 
in the main text, involves spraying atomized water onto a clean, dry 
surface. A good level of cleanliness is diagnosed through the formation of 
a fine and even covering of water droplets. However, if the water 
coalesces into large pools on the surface of the glass, it is an indication that 
cleansing has been inadequate and must be repeated to achieve a superior 
level of surface purification. Despite the greater sensitivity of this test, it is 
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difficult to apply. The water-wettability test described in the main text is 
therefore recommended for use by the A/C practitioner. 
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Appendix to Chapter 6B 

Section 1: The Electroposit 251 Process 

The "Electroposit 251 process" consists of a five stage treatment. This is 

outlined below: 

Stage 1: Immerse in "Acid Cleaner 742" 5 mins 40°C 
Cold Water Rinse 3 mins 

This conditioner cleanses the glass to produce a "water-wettable" 

surface. The cold water rinse swills away any loose debris and 
cleaning residues. 

Stage 2: Catalyst Pre-dip 1 min RT 

The catalyst pre-dip prevents water "drag-in" from the previous 
operation, which causes solution contamination and results in 
poor adhesion between the copper and the glass. 

Stage 3: Catalyst 1558 1 mins RT 
Cold Water Rinse 2 mins 
The catalyst primes or sensitizes the surface of the glass. It 
typically comprises of hydrochloric acid, palladium (in parts per 
million) and a tin complex which stabilises the solution. This 
leaves an invisible film on the surface of the glass. 

Stage 4: Accelerator 1564 3 mins RT 
Cold Water Rinse 2 mins 
The accelerator is a fluoride-based solution. This strips the tin 
away from the primed surface to expose the palladium. The 
process establishes "nuclei sites" which act as a catalyst, initiating 

and promoting the chemical reduction of a copper film during the 
next stage of the process. 

Stage 5: Electroless Copper Solution "Electrodeposit 251" 20 mins 
" Cold Water Rinse 2 mins 

The coppering solution comprises of copper sulphate, 
formaldehyde, sodium hydroxide and EDTA, which stabilises 
and complexes the copper. Throughout the process hydrogen 
gasses will be evolved at the surface of the glass, this must be 
liberated by gently agitating the solution. The chemical reduction 
process is slow and 2-3 microns (0.08-0.12 thou) of copper will 
be deposited in 20 rains. This renders the glass electrically 
conductive and capable of subsequent electrodeposition which 
must be carried out immediately to avoid impairing the surface 
conductivity of the film. 
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Section 2: The Vertical Crimson Process 

The "Vertical Crimson Process" consists of a six-stage treatment. This is 
outlined below: 

Stage 1: Immerse in "Sensitizer 5100" 5 mins 45°C 
Rinse 2 mins RT 
Rinse 2 mins RT 

This conditioner cleanses the glass to produce a water-wettable 
surface. The double rinse is essential to carry away loose debris 
and cleaning residues. 

Stage 2: Pre-activator 5300 I min RT 

The pre-activator prevents water "drag-in" from the previous 
stage of the process 

Stage 3: Activator 5300 5 mins 50°C 
Rinse 2 mins RT 
Rinse 2 mins RT 

This catalyst primes or sensitizes the surface of the glass. The 
activator comprises of a 6% solution of palladium chloride. This 
leaves a transparent brown precipitate on the glass. Rinsing 
carries away any excess surface residues. 

Stage 4: Converter 5400 
Rinse 

2 mins RT 
2 mins RT 

This performs the role of an accelerator. It strips the tin away 
from the primed surface to expose the palladium. The process 
establishes "active sites" which act as a catalyst, initiating and 
promoting the chemical reduction of a copper film during the next 
stage of the process. 

Stage 5: Enhancer 5500 1 min RT 

This is where the process deviates/differs from the ̀ Electroposit 
251 process'. 

The substrate is immersed in a 10% solution of Enhancer 5500. 
This contains sodium sulphide which interacts with the pre- 
conditioned/primed surface of the glass to deposit an invisible, 
yet highly conductive film of palladium sulphide. 
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Stage 6: Stabilizer 5600 1 min RT 
Rinse 2 mins RT 

The stabilizer (which contains sodium hydroxide) preserves the 
conductive film in a stable condition and prevents the surface 
from undergoing rapid deterioration. This final treatment renders 
the glass electrically conductive and capable of subsequent 
electrodeposition, and must be carried out immediately to avoid 
impairing the surface conductivity of the film. 

(NB: Whilst on completion of Stage 6 glass components require 
no further treatment, plastics (used in circuit board technology) 
must undergo an additional process known as "micro-etching". 
This removes the palladium sulphide from those areas of the 
substrate surface which are metallic and therefore naturally 
conductive. This helps to maximise surface adhesion) 
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Appendix to Chapter 6C 

Section 1: Fig A/31. Electroplating Data Sheet (Blank Copy) 

ELECTROPLATING DATA 

NAME: DESCRIPTION: 

Calculated Surface Area: 

Metallisation Procedure: 

Deposition Rate: 

ROTIrrInN nVTAÜ. R! 

Metal Acid/Cyanide PH Temp (Actual) Plating Range 

Optimum Optimum Optimum Rate 

Date Time Temp 
°C 

Amps 
Actual 

A. S. F 
Equiv 

Volts Duration 
Hours 

Observations 
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Appendix to Chapter 7 

Section 1: Removing Expendable Mandrels/Resist 
Media from Electrodeposited Surfaces 

Usually where a mandrel has been completely encapsulated in an envelope 
of electrodeposited metal, a small opening or hole must be pierced in a 
discrete and unobtrusive part of the electroform's surface to enable the 

mandrel material to be evacuated. 
The following section summarises and recommends procedures for 

removing expendable mandrels from electroformed artefacts. These have 
been categorised according to the nature of the mandrel material: 

Cellulose materials: 
(e. g. cotton, fabric, paper or wood derivatives etc. ) These can either be 
burnt out or dissolved in a solution of zinc chloride. 

Plaster: 
Plaster can be dissolved using a dilute solution of sulphuric or nitric acid. 
The etching solution will vary in composition depending upon the specific 
properties and characteristics of the electroformed metal -- which will need to 
be inert and resilient to the corrosive action of the mordant. 

Plastics: 
Styrofoam can be burnt away from the electroformed metal. However, good 
ventilation is essential as the fumes produced are highly toxic. 

Lacquer: 
May be dissolved by submerging the electrodeposited artefact in an 
appropriate thinning essence, or by gently rubbing the affected surface with 
a cloth soaked / saturated in the medium. 

Varnish: 
Apply a recommended thinning essence, in the manner outlined above. 

Rubber & Tape: 
Gently peel the rubber or tape away from the surface of the artefact. 

Wax: 
Can be removed from metal electroforms to leave a hollow structure by 
steaming or boiling the component in water. However, where the wax needs 
to be eliminated from an electrodeposited glass surface, considerable care 
must be taken because on heating: 
o The difference in the co-efficient of expansion of the metal and glass is 

likely to lead to stress and the lifting / peeling of the deposit, away 
from the substrate surface. 

o Any rapid change in the temperature of the glass may cause thermal 
shock and cracking. Therefore the glass artefact (if relatively thin e. g. 



Burdett. G. 1998 Chapter 7- Decorative Effects [7(App)] 64 

electrodeposited window glass) should be immersed in tepid water 
and warmed gently. This will allow the solidified wax to soften so that 
it can be gently eased away from the surface. Any residual grease 
films can be eradicated by immersing the artefact in trichloroethylene 
or an industrial cleaning fluid. A far more effective method of 
removing wax is to use an ultrasonic cleaning process. In this 
scenario, the recommended procedure would be as follows: 

1. Drill tiny holes in discrete areas of the electroform in order to enable 
the wax to drain and escape. 

2. Warm the electroform in hot water to soften the wax thereby enabling it 

to be extracted. (Where glass components do not form an integral part 
of the artefact, steam or boil the electroformed metal structure. ) This 

process will release any wax trapped or encapsulated in concealed 
areas. 

3. Once hollow clean the electroform in a hot detergent solution (or where 
possible in an "ultrasonic cleaner"). 

4. Treat the artefact in an electrocleaning bath to purify the surface. The 
formulae and operating temperature of the solution will vary 
depending upon the nature and properties of the electroformed metal. 

5. Finally, swill / rinse the object in running water. 

Brunswick Black: 
Eliminate using paraffin oil. The greasy residues of this oil can in turn be 
removed using sawdust. 

India Rubber: 
Or gutta-percha can be physically lifted and scraped away from the surface 
of the artefact. The metal can then be cleansed in naphtha. 

Section 2: A Historical Survey of Sandblasting and 
Acid Etching Techniques 
Sandblasting 
The first commercial sandblaster was manufactured in 1870 (British Pat. 
No. 2147) by Benjamin Chew Tilghman. Contemporary designs and 
machinery for sandblasting have changed little in principle from this original 
concept, and rely upon the use of compressed air to impinge an abrasive grit 
onto the surface of the glass. 

In-exploiting the process to generate decorative insignia, investigations 
have focused upon exploring the range of effects which can be achieved 
from using different resist media. Fundamentally, the protective resist must 
be durable, soft and elastic to neutralise the impact of the abrasive medium 
without undergoing deterioration. Over and above this, the type of resist 
used will be determined by the depth of the blast required. Heavy blast 
shields for resisting deep / high pressure blasting include iron profiles or 
buttercut. In contrast shallow patterns can be produced using a fine sand and 
low pressure. This permits natural delicate objects such as adhered ferns and 
leaves to form effective resists. 
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Historical documents and literature indicate that a diverse range of 
resists were used for sandblasting glass. These included, India rubber (1870 

- British Pat. No. 2147) which was transferred by parchment stencils and 
silk screening techniques to the surface of the glass. This was reputed to 
give excellent definition where very fine, complex patterns were required. 
Printing ink resists, including a formulation (1882 - British Pat. No. 2025) 

which was composed of glue, glycerine, flour and yellow ochre, were also 
used. This medium was printed onto paper before being transferred via a 
water bath to the surface of the glass. Furthermore, evidence suggests that 
zinc and steel perforated stencil plates were also regularly employed to 
provide selective protection against the abrasive effects of sandblasting. 

Acid etching 
The following list of patent specifications exemplifies resist media which 
have been used throughout history for etching decorative embellishments 
and designs on glass. This has been included to give the A/C an insight and 
understanding into the breadth of materials available for exploration. Many 
of these are worthy of future research and experimentation. 
(i) 1856 - British Pat. No. 1489 Recommends a resist medium 

comprising of colophony, beeswax, elemi and bitumen of Judea. These 
ingredients were combined to form a homogeneous admixture which 
was then allowed to solidify and set. The powder produced from 
pulverising and grinding this medium was subsequently applied to the 
glass to form a resist. This was achieved using any one of the following 
procedures: 
i. A stencil paper pattern was placed over the glass prior to sprinkling 

the powder onto the exposed areas. The stencil was then lifted 
away and the glass was warmed through to enable the resist to melt 
and adhere. 

ii. The powder was combined with soap to form a paste which could 
be painted onto the surface of the glass. 

iii. The design was applied using lithographic techniques. A resist 
medium comprising of 1.35 kg (3 lb) of bitumen, 1.35 kg (3 lb) of 
turpentine and 900 g (2 lb) of stearin was liberally applied to a 
patterned metal plate. The surface was then scraped clean leaving 
the ink impregnated in the depressed furrows. The pattern was 
printed and transferred onto paper. This was subsequently 
saturated in dilute hydrochloric acid and steamed to release the ink 
from the paper enabling it to be transferred to the surface of the 
glass. This was allowed to dry, set and adhere prior to exposure to 
the etching mordant. 

(ii) 1868 -British Pat. No. 467 A varnish composition 
(iii) 1870 - British Pat. No. 1420 Wax 
(iv) 1876 - British Pat. No. 3268 Records the use of a resist medium 

comprising of red lead and brunswick black. Painted onto the surface 
and left to harden this was reputed to retard the corrosive action of the 
etching mordant. 
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(v) 1876 - British Pat. No. 3942 Advocates the employment of printing 
blocks made of glue, treacle, and India rubber or gutta-percha as a 
means of applying a printing ink to the surface of the glass. Rosin was 
then dusted over the surface and adhered to the printed areas to create an 
effective resist medium. 

(vi) 1881 - British Pat. No. 2016 Recommends a resist which can be 
drawn onto the surface of the glass using the heated nib of a steel pen. 
The resist medium was composed of 2.7 kg (6 lb) rosin, 2.7 kg (6 lb) 

wax and 900 gms (2 lb) lamp black. 
(vii) 1886 - British Pat. No. 5978 The glass to be resisted was taken into 

a dark room and coated with a soft compound of bichromate and 
gelatine. The areas to be etched were then concealed and protected 
beneath a metal foil or stencil plate so that on exposure to light, the 
visible areas of the gelatine could be rendered insoluble. The stencil 
covered areas were then dissolved and washed away prior to 
introducing the resisted artefact to the etching mordant. 

(viii) 1888 - British Pat. No. 12,656 Copal varnish was heated to create a 
thick, viscous medium which was applied to the glass to produce a 
tacky surface. This was dusted with ashphaltum and left to set / harden 
before the artefact was introduced to the etching solution. 

(ix) 1893 - British Pat. No. 20,533 A layer of tinfoil was cemented to the 
surface of the glass using an ashphaltum medium. The desired pattern 
was then printed or stencilled onto the foil membrane. Any superfluous 
areas of foil were subsequently etched away enabling the underlying 
ashphaltum to be eliminated. The exposed areas of glass were then 
etched. 

Section 3: Initiating the Electrodeposition of Glass 
Components 
Part A: 
1. Where the principle of encapsulation is not employed, preliminary 

surface abrasion is essential to elicit good adhesion between the metal 
and the glass. Lightly sandblasting, cutting or etching the surface will 
provide a good mechanical "key"/ bonding cite. 

2. Cleanse the surface of the glass thoroughly using a good pre-treatment 
cycle. A recommended procedure is as follows: 
(i) Swab the surface of the glass with a solvent degreaser e. g.: 

alcohol, trichloroethylene, or acetone. 
(ii) Rinse thoroughly. 
(iii) Alkali soak in a conventional detergent solution. (e. g.: Dreft and 

water) 
(iv) Etch or scour the surface of the glass with a chalky paste (as 

referred to in Chapter 6A) 
Finally, carry out a "water break" test (as referred to in Chapter 6A) to 
ensure the surface is sufficiently clean. Remember to wear gloves to 
avoid re-contaminating the artefact with finger greases. 
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3. Jig / wire up the artefact, using an adequate number of electrodes wires. 
These should be positioned strategically so that they promote a uniform 
surface coverage of electrodeposited metal and securely support the 
weight of the artefact. 

4. Metallize the surface of the glass. This is essential to instil conductivity 
and promote successful electrodeposition. (Refer to Chapter 6B). 
Calculate the surface area of those parts of the artefact which are 
undergoing electrodeposition and determine the correct current density. 

Part B: 
5. Switch the electroplating facility on. Set the voltmeter to 0.5 volts - this 

indicates that a current of electricity is flowing. 
6. Securely attach the electrode wires to the cathodic busbar. This will 

ensure the artefact is introduced to the solution "live" and will allow 
electrodeposition to occur spontaneously, thereby inhibiting the 
formation of an immersion deposit which would compromise and 
undermine the adhesion of the resulting deposit. 

7. Carefully lower the artefact into the electroplating solution. Avoid any 
direct contact between the anode and the cathode as this will short 
circuit the system. If necessary, reposition and secure the artefact to the 
supporting cathodic busbar. Ideally the cathode should be positioned 
approximately 2.5 cm (I") below the level of the solution. 

8. As the artefact is introduced to the electroplating solution the voltage 
will drop, and the amperage will rise, indicating that the 
electrodepositing process has been initiated. Over the first half an hour 
gradually increase the amperage to the required / predetermined current 
density, 0.5 - 1.0 A/dm2 (5-10 Asf). 

9. Agitation should be avoided until an encapsulating film of 
electrodeposited metal has been formed. Mechanical and mild air 
agitation may then be introduced. 

10. Continue to plate the glass until a sufficient thickness of metal has been 
deposited. The period of time required to plate a predetermined 
thickness of metal can be calculated using a platers slide rule. Where 
complex 3D objects are being processed the position of the anodes in 
relationship to the cathodes should be adjusted, and where necessary 
the artefact should be rotated at regular intervals (Refer to Chapter 4E) 
to promote a uniform surface coverage of electrodeposited metal. 

NB. For a more detailed explanation of this procedure refer to Chapter 6C. 
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Section 4: Metallizing / Sensitising Media 

The following section comprises of a brief summary of metallizing media. 
For a more comprehensive guide refer to Chapter 6B. 

1. Graphite (also known as black lead / plumbago) 
Application: (i) Dry method: Dust the graphite onto the surface of the 

object using a soft camel hair paint brush and then burnish 
to a high lustre using cotton wool. This technique is 
particularly appropriate for metallizing wax. 
(ii) Wet method: The graphite is applied as a colloidal 
suspension which can be painted, swabbed or sprayed onto 
the surface of the artefact. 

Notes: Conductivity is increased if the graphite surface is heated to 
a temperature of between 200 and 300°C (400 - 572°F) for 
approximately one hour. When applied to glass, graphite 
reciprocates poorly adherent deposits during subsequent 
electrodeposition. However, graphite is hydrophobic and is 
therefore an excellent metallizing media for electroforming 
wax. The conductivity of a graphite surface can be 
increased through immersion plating. This procedure 
involves sprinkling the surface with iron filings prior to 
immersing the artefact in a copper sulphate solution (62.5g/l 
(10 oz/gal) of copper sulphate) in order to produce a more 
highly conductive copper film. 

Suppliers: "Aquadag - colloidal graphite in water" - supplied by - 
Acheson Colloids (as referred to above). 

Comments: This medium is both cheap and effective when applied to 
wax. However, it is not recommended for metallizing glass 
substrates. 

2. Copper / Bronze lacquers 

Application: A three part mix comprising of copper bronze powder, 
cellulose lacquer and thinners. These constituents are mixed 
in varying ratios, (according to the manufacturer's 
guidelines) to form a viscous liquid with a smooth 
consistency. This medium can be painted or sprayed onto 
the surface of the artefact. 

Notes: Once mixed copper bronze lacquers must be used 
immediately, since they rapidly increase in viscosity 
causing gelling and solidification. Lacquers usually require 
several hours (frequently overnight) to cure / harden before 
undergoing electrodeposition. 

Thinners: Seek technical advice from the manufacturer. 
Suppliers: (i) Copper Paste RO 1080, Ecropen Lacquer 1764 / 002 

and Thinners 355 / 007 - supplied by Schloetter Co. Ltd., 
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Abbey Works, New Road, Pershore, Worcestershire, 
WK10 1BI. 
(ii) Copper bronze powder and Resin liquid F67406 - 
supplied by Cannings Ltd., Great Hampton Street, 
Birmingham B 18 6AS. 

Comments: Copper lacquers are practical, reliable and relatively cheap 
when purchased in large quantities. This makes them ideal 
for metallizing a broad range of substrates. They are 
particularly appropriate for covering large surface areas. 
However, lacquers are difficult to apply as a very thin 
discrete film which makes them unsuitable for replicating 
very delicate / intricate surface textures. 

3. Lustre's 

Application: Painted onto the surface of the glass. 
Notes: Lustre's are kiln fired and fuse into the surface of the glass 

at a temperature of 500 - 580°C (932 -1076°F). 
Contamination must be eliminated by meticulous surface 
cleansing to avoid defects in the lustre. 

Thinners: Seek technical advise from the manufacturer. 
Suppliers: (i) Gold lustre "KA6" or Platinum lustre "035" -- supplied 

by Heraeus Silica & Metals (referred to above) 
(ii) Gold lustre "D 3501" - supplied by Deancraft Fahey, 
12 Spedding Road, Fenton Industrial Estate, Stoke on 
Trent. ST4 2ST. 

Comments: The substrate / glass must be capable of withstanding the 
firing temperature without undergoing slumping and 
deformation. Lustre's promote relatively good adhesion 
during subsequent electrodeposition. 

4. Metal leaf 

Application: (i) Hot Method: Copper / silver or gold leaf can be applied 
to blown glass using a marver. 
(ii) Cold method: The glass is coated with a clear lacquer. 
This adhering viniculum enables the metal leaf to be lightly 
daubed onto the surface using a badgers brush. 

Notes:. This process requires an infinite amount of patience since 
metal leaf is extremely delicate. Any fractures or tears 
which occur during application, unless rejoined, will 
interrupt the conductivity and inhibit successful 
electrodeposition. 

Suppliers: Silver, Copper and Gold Leaf - supplied by Habberley 
Meadows, 5 Saxon Way, Chelmsley Wood, Birmingham. 

Comments: This process is rather expensive and fiddle. It is therefore 
used in applications where a specific aesthetic affect is 
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required. Since pure metal is applied to the surface of the 
artefact the resulting level of conductivity is excellent. 

5. Silver paints / Electrodags 

Application: Concentrated electrodag pastes may be painted onto the 
surface of the glass. Where they are used as a spray 
application they must be diluted (50% weight) with methyl- 
iso-butyl-ketone. Alternatively, the artefact may be 
immersed in a solution comprising (by weight) of 50% 

electrodag medium and 50% butyl acetate. 
Notes: After application stove the glass (at the recommended 

temperature) for 30 minutes to improve / maximise the 
adhesion of the electrodag. (This should be conducted in 

accordance with the manufacturers guidelines. ) Silver 

aquadags must be air dried if applied to non - heat resistant 
materials. 

Thinners: Methyl pentane two - one 
Suppliers: i) "Electrodag 915" - supplied by Acheson Colloids, Prince 

Rock, Plymouth. 
ii) "Silver electrodag T9058" -- supplied by Heraeus Silica 
& Metals, Newpark Works, Cinderhill Trading Estate, 
Weston Coyney Road, Longton, Stoke-on-Trent. 

Comments: Although electrodag paints are fairly expensive (prices 
fluctuate in accordance with the price of silver on the stock 
market, they are extremely reliable and flexible. This 

enables them to be applied as thin, discrete and highly 

conductive films to most substrate surfaces. 

6. Chemical reduction / Mirroring procedures 
Mirroring techniques vary in their formulation and method of application. 
Within the context of this thesis specific reference is made to Shipleys 
(commercially available) "electroless copper plating process". However, 
similar processes are also available for producing mirrored / chemically 
reduced films of silver and nickel. 
Application: This technique sensitises the glass through the application 

of a tin chloride sensitising medium and palladium catalyst. 
A chemically reduced film of copper is then produced 
through a series of immersion procedures. Shipleys 
electroless copper plating process known as "electroposit 
251" is recommended for use. 

Notes: Reference should be made to Chapter 6(B) where the 
process is described to in greater detail. 

Suppliers: "Electroposit 251" - supplied by Shipleys Chemical Co., 
Herald Way, Binley Industrial Estate, Coventry. CV3 2RQ. 
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7. Vacuum deposition 

Application: Under the pressure of a high vacuum metal is heated and 
evaporated to form a vapour. On contact with the substrate 
surface this re-condenses to form a very thin continuous 
film of metal. 

Notes: Specialised equipment is necessary for this process. 
Varying thickness of metal films can be produced by 

controlling the pressure and vacuum. 
Comments: This technique is not generally feasible for A/C operating 

within the practical and financial parameters of a studio 
environment. 

8. Cathode sputtering 

Application: The metal which acts as a cathode is volatized by the 
application of a glow discharge. A highly conductive gas is 
then used to transport the metal vapour onto the substrate 
surface (anode). The process depends upon the use of the 
correct voltage and a low pressure vacuum. 

Notes: Specialised equipment is necessary for this process. 
Comments: This technique is not generally feasible for A/C operating 

within the practical and financial parameters of a studio 
environment. 

9. Metal powders 
Application: (i) Hot Method: Metal powders can be rolled / marvered 

onto hot forms using glass blowing procedures - However, 
care must be taken to ensure that a continuous and 
uninterrupted conductive surface is produced. Alternatively, 
metal powder can be cast or fused into the surface of the 
glass using kiln forming techniques. 
(ii) Cold Method: A varnish medium can be applied to the 
glass to create a tacky surface, onto which metal powder 
can be sprinkled and adhered. With porous wear e. g. 
pottery, a solution of metal salts can be used to steep and 
saturate the surface so that it becomes impregnated with 
metal. Alternatively, fine metal powders can be integrated 
into the body of the clay during the manufacturing process 
to instil surface conductivity. 

Suppliers: Scropas Metal Fillers and Bronze Powders, - supplied by 
Alec Tiranti, 27 Warren Street, London. W1P 5DG. 

Comments: Textured / roughened surface qualities are generally 
produced from using metal powders as metallizing media. 
Nevertheless, they can be applied and manipulated in a 
diverse number of ways. Where metal powders are 
incorporated and cast into the body of the glass tenaciously 
adherent films of electrodeposited metal can be produced. 
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However, this technique is not suitable for metallizing 
delicate surface textures. The process also has a tendency to 
discolour kiln formed glass. 

10. Conductive tapes / Adhesives 

Application: Physical pressure is usually sufficient to adhere conductive 
tapes to the surface of the glass. Alternatively, resins or 
sealants loaded with a conductive medium can be advocated 
for use. Depending upon their viscosity these can be either 
be painted or daubed onto the substrate surface. 

Suppliers: Scotch Electrical Tapes (copper) - supplied by 3M 
Electrical Industries, P. O. Box No. 393, Hudson Road, 
Bedford. MK41 OYE. 

Comments: Conductive tapes / adhesives are readily applied. However, 
they have a limited level of electrical conductivity and 
produce a restricted range of decorative effects. 

Section 5: Extracting Artefacts from the 
Electroplating Solution 

1. Switch off the mechanical agitation / aeration. 
2. Supporting the weight of the piece release any suspension wires or 

electrodes from the cathodic busbar and gently extract the artefact from 
the tank. Take care to avoid any direct electrical contact between the 
anodes and the cathodes. Allow any excess solution to drain back into 
the plating tank. 

3. Transfer the artefact to a vat / bowl of running water and leave to rinse 
for several minutes. 

4. Returning to the tank, lower the reading on the voltmeter to "0" and 
switch off the rectifier, cover the tank with a protective lid. 

5. After rinsing, either transfer the artefact to the next stage of the 
electroplating / finishing process, or dry the piece under a jet of air. 
This will reduce tarnishing and surface oxidation. 

6. On completion remove the electrode wires from the surface of the 
artefact using a sharp craft knife. 

Section 6: Preparing Base Metals for Re-plating 
When a metal surface requires replating it must be scrupulously cleaned to 
ensure a good level of adhesion is achieved between the base metal and any 
consecutive layers of electrodeposited metal. Any traces of grease or dirt 
must be eliminated by exposing the object to an alkaline and then a pickling 
treatment. Electrocleaning techniques may also be used, although they are 
not generally feasible for A/C operating within the practical and financial 
parameters of a studio environment. To avoid recontamination after 
cleansing, it is important to refrain from physically handling the artefact or 
exposing it to the atmosphere for any length of time. 
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Procedure 

1. Alkali/Caustic cleaning 
To remove organic dirt and grease, vigorously scrub the base metal with a 
nylon brush (e. g. toothbrush) dipped in either of the following solutions. 
Then immerse and leave to soak for at least five minutes: 

(i) A standard (ammonia based) detergent solution 
(ii) A general cleaning solution comprising of. 37.5g/l (6 oz/gal) 

caustic soda (NaOH), 25g/1(4 oz/gal) soda ash (Na2CO3), a small 
quantity 6.2 g/l (1 oz/gal) of Tribasic sodium phosphate and 
(where available) 1.5 g/l ('/4 oz/gal) of a wetting agent, dissolved 
in 1 litre (1 gallon) of water (H20) and heated to a temperature of 
80-90°C (176-194°F). Avoid immersing electrodeposited glass 
artefacts, since the high temperature of the solution is likely to 
cause thermal shock. Instead, lightly abrade the surface of the 
metal using a light scouring action. (Source: Brandes & Smithells 1983, 

p. 1487). 

2. Swilling 
Rinse thoroughly in copious quantities of water to remove all traces of the 
caustic cleaner from the surface of the artefact. 

3. Pickling 
This involves soaking or immersing the artefact in a dilute acid based 
solution, the chemical composition of which will vary depending upon the 
metal being treated. Recommended pickling solvents are outlined below. 
These will eradicate oxidation, scale and tarnish, and neutralise any alkali 
residues present on the surface of the artefact from previous stages of the 
cleaning cycle. During the pickling process it is important to check that 
gases (usually hydrogen) are not evolved or liberated from the surface of the 
metal. This indicates that the pickling solution is too concentrated / 
astringent and requires dilution. Where especially tenacious oxidation / dirt 
remains evident on the surface, a paste comprising of pumice, water and a 
small amount of the pickling solution can be used to scour the surface of the 
metal prior to a further immersion in the pickling solution. 

Pickling Solvents 
For Silver: 
Either. 

(i) Add 1 part sulphuric acid to 10 parts water. Immerse the artefact 
and gently heat the solution. (Source: Strosahl & Barnhart 1982, p. 166) 
Or 

(ii) Immerse the artefact in an aluminium pot containing a dilute 
solution, comprising of equal parts of baking soda (sodium 
bicarbonate) and table salt (sodium chloride), together with a little 
soap. Bring to the boil and allow to stand for a few minutes. Any 
oxides should be transferred from the silver to the aluminium pot. 
(A typical mix comprises of'/4 of a cupful of baking and'/4 of a 
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cupful of table salt to one gallon of water) (Source: Untracht 1975, 

p. 13). 

For Gold: 
Either. 

(i) Add 1 part sulphuric acid to 10 parts water and gently warm/heat 
through. Use this in conjunction with a paste made up of baking 

powder (sodium bichromate) and water to lightly scour the surface 
of the metal. (Source: Strosahl & Barnhart 1982, p. 166) Or 

(ii) To remove stubborn oxides: mix 1 part sulphuric acid with 8 parts 
water and 6.5 gm (V4 oz) potassium dichromate. Soak at room 
temperature (Source: Choate 1970, p. 280) 

(iii) Mix 1 part nitric acid (conc) with 3 parts hydrochloric acid (to form 

a solution known as aqua regia). Immerse the artefact in the 
solution and leave to soak at room temperature (Source: Smith 1978, 

p. 208). 

For Copper: 
Either. 

(i) Use pumice and a 10% solution of sulphuric acid to lightly scour 
and abrade the surface of the metal. Or 

(ii) For a semi-matt dip: immerse the metal in a sulphuric acid - sodium 
bichromate solution at room temperature; 114g11(18.2 oz/gal) 
sulphuric acid to 19g11(3 oz/gal) sodium bichromate, and 1 litre (1 

gallon) of water. ) (Source: Brandes & Smithells 1983, p. 1488) Or 
(iii) For a bright dip: immerse the metal in a sulphuric-nitric acid mix. 

(Comprising of 2 parts sulphuric acid, 1 part nitric acid, and 1 part 
of water) (Source: Brandes & Smithells 1983, p. 1488). 

For Nickel: 
Cathodically clean the nickel in a caustic cleaner for 15 seconds - then rinse 
and immerse in 10% sulphuric acid. 
4. Swilling 
Rinse thoroughly in copious quantities of water to remove all traces of the 
pickling solvent from the surface of the artefact. 

5. Reintroducing the artefact to the electroplating solution 
To maximise adhesion ensure the object is introduced to the solution "live". 

NB: Wherever possible it is advisable to electroclean the metal, 
especially if strongly adherent dirt and oxidation are present. Electrocleaning 
facilities are very similar in their set up and mode of operation to 
electroplating tanks. The fundamental difference is that on the application of 
an electrical current, gases in the form of hydrogen or oxygen are 
vigorously generated at the cathode surface which scrub and eliminate any 
tenacious smut and tarnish. Electrocleaning procedures should be 
implemented at the following stage of the cleaning cycle: 
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(i) Electroclean 
(ii) Rinse 
(iii) Alkali clean 
(iv) Rinse 
(v) Pickle 
(vi) Electroclean (again) 
(vii) Weak pickle 
(viii) Electroplate 

A more expedient alternative to electrocleaning is "bright dipping". In 

principle, either of these procedures will vastly improve the adhesion of any 
composite layers of electrodeposited metal. These techniques are therefore 
highly recommended for A/C operating within the more flexible 

environment of a professional. / commercially viable enterprise. 

Section 7: Formulating Ashphaltum Resists 
Composition (Source: Strosahl & Barnhart 1982, p. 92) 

6 parts liquefied ashphaltum 
3 parts beeswax. 
1 part rosin. 
Thinners or solvent as a binding medium -- either alcohol or turpentine. 

Where ashphaltum is obtained in a ground, powdered form it must be 

converted to a liquid using a thinning agent. The resulting medium should 
be smooth and have the consistency and viscosity of cooking oil. 

Procedure 
Melt the beeswax in a water bath and gradually introduce the ashphaltum, 
stirring constantly. In a separate container, (also over the heat of a water 
bath) mix the rosin with the solvent (The latter may comprise of equal 
proportions of turpentine and alcohol). To prevent the ingredients from 

separating out stir constantly. On melting add the beeswax to the ashphaltum 
and agitate constantly to form a homogeneous composition. The solution 
will increase in viscosity, gel and stiffen as it cools. Thinners must therefore 
be added to maintain the medium in a workable form. This can then be 

stored and used at a latter date. 

Section 8: Acid Etching Solutions 

General Information 
All etching mordants are highly corrosive and extremely dangerous. They 
should therefore be used in a well ventilated area to avoid fume inhalation. 
Protective clothing including gloves, plastic aprons and goggles must be 
worn at all times. Etching solutions should be stored in secure, screw top 
bottles designed specifically for holding corrosive solutions. These must be 
clearly labelled and kept in a cool, dark environment. Further 
recommendations regarding Health and Safety procedures are referred to in 
Section 1 of the Appendix to Chapter 4C. 
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Etching mordants should be formulated using distilled or deionised 

water. When mixing solutions it is imperative that the acid is added to the 

water (and NEVER water to the acid). This should be carried out slowly and 
at arm's length, using constant stirring. Containers for mixing or holding 

etching solutions should be made of glass, porcelain or tough plastic. 
Accidental spillage's must be neutralised using additions of baking soda, 
which will effervesce and swell on absorption of the effluent. Once the 
reaction has subsided the spillage may be diluted with copious quantities of 
water and swilled away. After use any residual etching mordants must be 
disposed of through a professional chemicals company. 

1: Base metals 
Several alternative formulations are given with regard to each metal, any of 
these are recommended for use: 

Copper 
Method A: (Source: Strosahl & Barnhart 1982, p. 98) 

7 'h parts Water to 1 part Ferric Chloride. 
This etching mordant produces well defined lines and a reflective / 

shiny surface finish. It is relatively easy and safe to use. The etching 
process may take 2 to 3 days to complete. During etching mild air agitation 
should be used to circulate the mordant and help prevent yellow oxide 
sediments and residues, from becoming quiescent / languid on the surface, 
where they would impede the etching activity. For this reason it is 

advantageous to etch the surface face down, when using a ferric chloride 
based solution. 

A much stronger solution comprising of 1 part ferric chloride and 1 part 
water can be used to produce a correspondingly faster result. A typical etch 
may take between 4 and 8 hours. The vigorous action of the mordant is 
likely to necessitate the retouching of the resist at regular intervals. This 

etching solution produces a less precise bite / definitive impression, which 
will be prone to undercuts. 

Method B: (Source: Brandes and Smithells 1983, p. 309) 
4 parts Ferric Chloride solution, 4 parts Hydrochloric Acid, 1 part Acetic 
Acid and a few drops of Bromine. 

The guidelines referred to in Method A are also applicable to this 
mordant. This will produce and uneven, pitted surface. 

Copper or Nickel 
Method A: (Source: Gross 1970, p. 94) 

1 part Nitric Acid (69%) to 1 part Water 

Method B: (Source: Chamberlain 1972, p. 85) 
10 parts Hydrochloric Acid to 2 parts Potassium Chlorate and 88 parts 
Water (Heated at 80°F (28°C). 

This "Dutch Mordant" produces a slow, but highly accurate bite. It is 
formulated by dissolving potassium chlorate in hot water. This must be 
allowed to cool. It is then poured into a glass container, prior to adding the 
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acid. When mixing this etching solution it is advisable (wherever possible) 
to reserve a small quantity of the existing / old mordant (e. g.: a cupful), so 
that it can be mixed with the new batch to moderate the otherwise over 
zealous action of the etching solution. (which may detrimentally effect the 
resist / ground). Throughout the etching process gases are likely to be 
evolved as a direct consequence of the biting action and dissolution of the 
metal. 

Once again a faster etch can be achieved by using a more concentrated 
formulae, consisting of - 20 parts Hydrochloric Acid, 3 parts Potassium 
Chlorate and 90 parts water. 

2: Precious metals 
From a financial point of view the etching of precious metals (with a few 
exceptions) is neither justifiable or practical. Therefore it is advisable to use 
either copper or nickel to create the desired aesthetic effect, prior to 
overplating the surface with a thin film of silver or gold. Where the etching 
of precious metals is necessary (suitable etching solutions are referred to 
below), etching solutions should be retained after use, in order to reclaim 
the dissolved metal. As an alternative, electro-etching techniques may be 

used for treating silver or gold. The advantage of this technique is that any 
etched metal will automatically be retrieved by the anode and can be used / 
recycled during subsequent electroplating procedures. 

Silver 
Method A: (Source: Anon. '3', p. 171) 
5 parts Water to 1 part Nitric Acid - This is a good, though fairly weak 
solution which will produce sharp edges and good definition. 

Or. 
4 parts Water to 5 parts Nitric Acid and 1 part Isoproplyalcohol - This will 
produce a very harsh and vigorous etching action (Source: Anon. 'I', p. 3 1) 

Method B: (Source: Strosahl & Barnhart 1982, p. 90) 
3 parts Water to 1 part Ferric Nitrate 

Gold 
Method A: (Source: Strosahl & Barnhart 1982, p. 166) 
1 part Nitric Acid to 3 parts of either Hydrochloric or Sulphuric Acid 

Method B: (Source: Strosahl & Barnhart 1982, p. 166) 
8 parts Hydrochloric Acid and 4 parts Nitric Acid to 1 part Ferric Chloride, 
and 40-50 parts Water. 

Section 9: Alloy Plating Solutions 

The following abstracts have been taken from the literature of J. Newman, 
E. A. Ollard and R. Pinner. However, within the context of this thesis they 
have not been subject to practical experimentation. As such it has not been 
possible to comment upon their particular merits. These have been included 
to illustrate the wide range of possibilities/potential avenues of exploration 
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and provide a starting point for A/C interested in alloy plating metals of 
different colours and tonal qualities. 

1. Brass plating (copper - zinc alloy) 
Brass plating has many decorative applications. In particular, it provides 
good corrosion-resistant properties and has an industrial application as an 
undercoating for chrome. Brass plating solutions are usually based on 
cyanide. It is therefore essential that basic health and safety precautions are 
taken into consideration. Reference should be made to the recommendations 
delineated in Section 1 of the Appendix to Chapter 4C. Two brass plating 
solutions are presented below - the first is reputed to produce a standard 
brass colour, whilst the second gives rise to either a yellow or a white 
deposit depending upon how the composition of the solution is manipulated 
and controlled. 

(A) Brass cyanide bath (Source: Newman 1979, p. 90) 

Composition: 32 g/l (5.1 oz/gal) Cuprous Cyanide 
13 g/l (2.1 oz/gal) Zinc Cyanide 
45 g/l (7.2 oz/gal) Sodium Cyanide 
15 g/l (2.4 oz/gal) Sodium Carbonate 
15 g/l (2.4 oz/gal) Sodium Bicarbonate 
1.25 mUl (0.2 fl oz/gal) Ammonia (26% in water) 

Fonnulation: 
Dissolve the cuprous cyanide and zinc cyanide in half the total volume of 
water. Dissolve sodium cyanide separately in one quarter of the total volume 
of water. Add the former to the latter. Then with constant agitation, dissolve 
the remaining chemicals in the order presented above. Once the bath is 

operational regular additions of ammonia may be made to the solution to 
replenish that lost through surface evaporation. 

Bath Operation: 
Temperature: 22-36°C (71-97°F). Lower solution temperatures are used 

for producing flash deposits. Higher temperatures result 
in more copper coloured deposits. 

Current density: 1-3 A/dm2 (10-30 Asf) 
Anodes: Although in some alloy plating solutions it is possible to 

employ separate anodes for each type of metal, single- 
phrase alloy anodes are recommended for use. Brass 
anodes are available and should be used in a proportion of 
75% copper to 25% zinc. To reduce anode consumption, 
20-25% of the total anode surface area can be made up of 
rolled steel anodes. Intersperse these evenly amongst the 
brass anodes for uniform deposition. Anode area should 
at least equal cathode surface area (1: 1). 

Agitation: Only required for heavy plating. 
Storage: Store in a convenient container. Keep well away from acid 

solutions. 
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Faults: Red, spotty deposition may result from the presence of 
metallic impurities in the bath - especially lead or tin. 
Whilst, cloudy deposits are caused by wetting agents / and 
organic compounds. Dull deposits either arise from using 
too high a current density, (which can be resolved by 
reducing the current density) or from using insufficient 
brighteners. Proprietary brighteners are now commercially 
available and highly recommended for use. 

Modifications to Achieve Different Effects: 
To change the colour of the plate: The colour produced will vary depending 

upon the amount of time and current. Elevated temperatures favour red 
/ copper coloured deposits, whilst lower temperatures promote the 
formation of lighter brass coloured deposits. High levels of copper 
tend to create a red brass, whilst high levels of zinc in the solution, 
create a yellow brass. 

To increase the rate of plating: High levels of agitation will increase the 
current efficiency and facilitate faster deposition. 

To brighten the plate: Commercial brighteners are readily available and 
highly recommended for use. 

(B) Brass cyanide bath (source: Ollard 1969, p. 204) 

Composition: 60 g/l (9.6 oz/gal) Sodium Cyanide. 
30 g/l (4.8 oz/gal) Copper Cyanide. 
7.7 g/l (1.2 oz/gal) Zinc Oxide. 
11 g/l (1.8 oz/gal) Sodium Bicarbonate. 
3 mUl (0.48 fl oz/gal) Ammonia (0.880) 

Bath Operation: 
Temperature: 30-40°C (86-105°F) 
Current Density: 1 A/dm2 (10 Asf) 
Anodes: 70 : 30 brass cast or rolled anodes. 
pH: The solution is slightly alkaline - 10.5 to 11.5. 
Storage: A steel vat, preferable rubber lined. 
Faults: The free cyanide must be maintained at around 6.25g1l (1 

oz/gal). If this is allowed to rise significantly the deposit 
will become non- adherent and the current efficiency of 
the solution will fall. If on the other hand, the free cyanide 
falls too low the anodes will take on a greenish appearance 
and fail to dissolve properly. 

Modifications to Achieve Different Effects: 
To change the colour of the plate: Since the colour of a brass deposit is 

determined by its composition, it is relatively easy to control. By 
adding either copper or zinc cyanide to the plating bath it becomes 
possible to alter and predetermine the appearance of the resulting 
deposit. Small additions of ammonia will promote the formation of 
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deposits with high levels of zinc, whilst raising the temperature of the 
solution, will promote deposits with high levels of copper. 

In some instances deposits of brass are used as an undercoating in the nickel 
plating of aluminium. 

2. "German silver" plating (copper - nickel) (Source: Newman 1979, p. 72) 
This copper-nickel alloy can be plated to produce a range of decorative 
finishes from a silvery white through various yellow hues to a brilliant 

white. As the percentage of nickel is increased, the plate takes on the 
appearance of pure nickel. However, the main advantage here is that the 
presence of a small percentage of copper makes it easier to polish 
mechanically. This enables a highly reflective surface to be produced which 
is capable of withstanding tarnishing. 

Composition: 31 g/l (5 oz/gal) Nickel Sulphate crystals. 
93 g/l (14.9 oz/gal) Copper Sulphate crystals. 
140 g/l (22.4 oz/gal) Sodium Cyanide. 
47 gIl (7.5 oz/gal) Sodium Carbonate. 

Formulation: 
Dissolve the copper sulphate and nickel sulphate salts in half the total 
volume of water. In a separate container dissolve the sodium cyanide in one- 
quarter of the total volume of water. Add the first solution to the second 
solution, stirring constantly, until all the constituents have dissolved. 
Finally, add a sufficient amount of water to bring the solution up to its full 
working volume. 

Bath Operation: 
Temperature: Variable 40-90°C (105-195°F). 
Current density: 0.5 A/dm2 (5 Asf). 
Anodes: Where available, use alloy metal anodes comprising of 

75% copper and 25% nickel. Alternatively, use three 
copper anodes for every single nickel anode, and place 
them in a strategic position around the plating tank to 
promote an even distribution of electrodeposited metal. 

Agitation: Recommended for use where separate (nickel and copper) 
anodes are employed or where very thick deposits of 
metal are required. 

Storage: Any container that is not lined with a galvanised or zinc 
interior. 

Faults: Refer to Chapter 4C, where faults with cyanide solutions 
are outlined in greater detail. 

Modifications to Achieve Different Effects: 
To change the colour of the plate: To promote a yellow finish, raise the 

temperature of the solution to 60-70°C (140-158°F), and employ 
copper-nickel anodes in a ratio of between 60: 40 and 65: 35. To 
promote a silvery-white finish, lower the temperature of the solution 
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to 40-50°C (105-122°F), and employ copper-nickel anodes in a ratio 
of between 50: 50 and 55: 45. 

To brighten the plate: To promote a shiny radiant-white finish raise the 
temperature of the solution to 80-90°C (176-195°F), and employ 
copper-nickel anodes in a ratio of 70: 30. 

3. "White gold" plating (copper - silver) (Source: Newman 1979, p. 73) 
Copper-silver alloys have an attractive finish which is easy to mechanically 
polish and quite tarnish resistant. Where a high percentage of silver is 
present the deposit will take on a silvery appearance. In contrast where a 
high percentage of copper is present the deposit will take on very yellow - 
gold appearance. 

Composition: 15.5 g/l (2.5 oz/gal) Silver Nitrate. 
39 g/l (6.2 oz/gal) Copper Sulphate. 
78 g/l (12.5 oz/gal) Sodium Cyanide. 
31 g/l (5 oz/gal) Sodium Carbonate. 

Formulation: 
Dissolve the silver nitrate in one-quarter of the total volume of water. In 
separate containers dissolve the copper sulphate in one-quarter of the total 
volume of water and the sodium cyanide in one-third of the total volume of 
water. Add the copper sulphate solution to the cyanide solution stirring 
constantly. Then add the silver nitrate solution and mix thoroughly. Finally, 
add the sodium carbonate to the solution before adding water to bring the 
solution up to its full working volume. 

Bath Operation: 
Temperature : 20-70°C (68-158°F). 
Current density: 0.3-0.7 A/dm2 (3-7 Asf). 
Anodes: Inert, stainless steel anodes may be used provided that 

metal salts are added periodically to replenish the metal 
concentration of the solution. Alternatively, pure silver 
and copper anodes may be employed. The ratio of silver 
to copper anodes will vary depending upon the intended 

physical characteristics of the resulting deposit. 
Agitation: Not necessary, unless heavy deposition is required. 
Storage: In a non-metallic vat to avoid deposition on container 

walls. 
Faults: Brown deposits are caused from using excessively high 

current densities or insufficient agitation. Deposition 
failure or a tendency to deposit copper only, is likely to 
occur if their is an exhausted supply of silver ions in the 
solution. In these circumstances the silver concentration of 
the solution should be replenished by making regular 
additions of silver nitrate. (This problem is likely to occur 
where steel anodes are employed. ) 
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Modifications to Achieve Different j`erent Effects: 
To change the colour of the plate: To produce a silvery finish, maintain the 

bath at room temperature and employ anodes with a silver-copper ratio 
of between 99: 1 and 75: 25. To produce a deposit with a light yellow- 
gold appearance, raise the temperature of the solution to 50-60°C 
(122-140°F), and employ anodes with a silver-copper ratio of between 
65: 35 and 45: 55 (i. e.: Thereby, increasing the copper concentration of 
the solution). To produce a more intense gold, raise the temperature of 
the solution to 65-70°C (150-158°F), and increase the copper 
concentration of the solution by using anodes with a silver-copper 
ratio of 30: 70. The resulting plate will polish well to produce a highly 
reflective surface finish. 

4. "Antique green" - gold bath (Source: Newman 1979, p. 75) 
This solution produces a bright green deposit on the high points, and a 
darker green deposit in the crevices and recesses, to create an antique effect. 
It is a flash deposit technique. 

Composition: 1.6-2.5 g/1 (0.25-0.4 oz/gal) 
0.2-0.4 g/1(0.03-0.06 oz/gal) 
15 g/l (2.4 oz/gal) 
35 g/l (5.6 oz/gal) 
0.05 g/1 (0.008 oz/gal) 

Formulation: 

Potassium Gold Cyanide. 
Potassium Silver Cyanide. 
Sodium Cyanide. 
Ammonium Carbonate. 
Lead Acetate dissolved in 
Sodium Hydroxide Solution. 

Stirring constantly, dissolve the potassium gold cyanide and potassium 
silver cyanide in one-half of the total volume of water. Dissolve the sodium 
cyanide in one-quarter of the total volume of water. Add the former solution 
to the latter. Then dissolve the ammonium carbonate in the solution. Mix the 
lead acetate with a small amount of sodium hydroxide solution and add this 
to the bath in small quantities to vary the intensity of the green hue. 

Bath Operation: 
Temperature: 20-30°C (68-86°F). 
Current density: 1.0-3.2 A/dm2 (10-32 Asf). 
Anodes: Stainless steel. 
Agitation: None. 
Time: ' Immerse for 10-60 seconds to produce a flash deposit. 
Storage: In a non-metallic container. Keep well away from acid 

solutions. 

Modifications to Achieve Different Effects: 
To change the colour of the plate: Vary the amount of lead acetate in the 

solution. To reduce the intensity of the green hue, lower the 
temperature of the solution. 
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Section 10: Table A/10. Electrocoloring Solutions 

No Constituent Symbol oz/gal fl oz/gal 94 MIA 

(U. S. A. Customary 

1. Black (use on copper, silver & brass) 

Hydrochloric acid (sp gr 1.18) HCl -8 - 62.5 

Arsenious oxide As2O8 1- 7.5 - 
Ferric oxide FeZ03 1- 7.5 - 
Copper sulfate CuSO; SH2O 1- 7.5 - 
Temp 110°F (43°C) 
Anodes Steel 
Current Density 3-5 Asf 
(0.3-0.5 A/dm) 
N. B: A jet black finish is produced. Frequent replenishment of arsenic and 

copper is required in use. 

2. Gray (use on silver) 
Ammonium chloride NH4CI 8- 60 - 
Stannous chloride SnC12 5- 37.5 - 
Temp 80-100°F (27-38°C) 
Anodes tin 
Current Density 5 Asf 
(0.5 A/dm2) 
N. B: Adding Ferrous sulphide, (FeS) darkens the finish. 

3. Navy Bronze (use on brass, copper and nickel plate) 
Hydrochloric acid (sp gr 1.18) HCl - 114 - 890 

Arsenious oxide As2O8 16 - 120 - 
Nickel sulfate NiSO; 6H20 2- 15 - 
Copper sulfate CuSO; 5H20 0.5 - 3.7 - 
Temp room 
Anodes nickel 
Voltage 2 

4. Pink 
Nickel carbonate NiCO3 6- 45 - 
Sodium bisulfite NaHSO, I- 7.5 - 
Sodium thiosulfate Na2S2O3.5H2O I- 7.5 - 
Copper carbonate CuCO3 0.75 - 5.6 - 
Temp 80°F (27°C) 
Anodes iron or carbon 
Voltage 1-2 

5. Various Colours 

Molybdic oxide MOOS 0.5 - 3.7 - 
Sodium bisulfite NaHSO3 3- 223 - 
Sodium thiosulfate Na2S2O3-5H2O 4- 30 - 
Ammonium chloride NH4CI 6- 45 - 
Temp 120-130°F (49-54°C) 
Anodes carbon 
Voltage 1-11h 
N. B: This process produces a number of shades of a given colour, as a 
result of varying the time, current density or temperature 

NB: Colours produced vary depending upon the temperature and current density and time 

(Source: ROGERS, T. M. (1959) Handbook of Practical Electroplating. New York: The 

Macmillan Company. pp. 127-8) 
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Section 11: Immersion Plating Solutions 

Glass vessels must be used for holding immersion solutions unless 
otherwise stated. 

Articles are cleansed in the standard manner (Refer to Section 6 of the 
Appendix to Chapter 7) prior to immersion. Deposition will occur within a 
matter of seconds. Where cyanide solutions are employed, appropriate 
Health and Safety precautions must be taken. (Refer to Section 1 of the 
Appendix to Chapter 4C). If metals are pickled in acidic solutions they must 
be thoroughly swilled to avoid any possible interaction between acidic 
surface residues and cyanide based immersion solutions, which could lead 
to the emission of highly poisonous gases. 

1. Immersion silver plating of copper 
Use either: 

Formula 1: (U. S. A. customary units) (Source: Untracht 1982, p. 681) 
7.5 g/l (1 oz/gal) Silver Nitrate. 
75 g/l (10 oz/gal) Ammonia. 
105 g/l (14 oz/gal) Sodium Thiosulphate. 
This solution operates at room temperature. 

or 
Formula 2: (Source: Canning Ltd 1978, p. 613) 

3 g/l ('h oz/gal) Single Silver Cyanide (80.5%). 
3 g/l ('/2 oz/gal) Potassium Cyanide. 

(Temperature: between 40-50°C -105-122°F) 

2. Immersion gold plating of copper and copper alloys 
Use either: 
Formula 1: (U. S. A. customary units) (Source: Wheeler 1958, pp. 226-227) 

7.5 g/1 (1 oz) Gold Chloride. 
240 g/l (32 oz) Potassium Bicarbonate. 
The glass would be immersed and slowly warmed to a 
temperature of 80°C (176°F) 

Or 

Formula 2a: (USA customary units) (Source: Untracht 1982, p. 681) 
3.7 g/l ('h oz/gal) Potassium Gold Cyanide (67%). 
26-30 g/l (3'12-4 oz/gal) Potassium or Sodium Cyanide. 
30-37 g/l (4-5 oz/gal) Soda Ash or Sodium Carbonate. 
Operating temperature: 60-80°C (140-176°F) 

Formula 2b: (a variation) (Source: Newman 1979, p. 67) 
3.6 g/1(0.48 oz/gal) Sodium or Potassium Gold 

Cyanide. 
21.6 g/1 (3.46 oz/gal) Sodium Cyanide. 
15.5 g/1 (2.48 oz/gal) Sodium Bisulphite. 
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15.5 g/l (2.48 oz/gal) Potassium Hydroxide (Caustic 
Potash). 

Stirring constantly, dissolve the sodium or potassium gold cyanide in one- 
quarter of the total volume of water. Dissolve the sodium cyanide in one- 
half of the total volume of water. Mix the two solutions together. Now add 
the remaining chemicals - sodium bisulfate and potassium hydroxide. 
Immerse the artefact in the solution once it has been heated to a temperature 
of 50-70°C (122-158°F). An immersion deposit will form within a matter of 
seconds. 

Note: It is generally not advisable to immersion deposit gold onto copper 
surfaces. Although short term success will be assured, with time, because 
of the thin nature of the deposit, the gold will be absorbed into the 
underlying copper and become inadmissible. Gold electroplating as oppose 
to gold immersion deposition of copper surfaces is therefore advisable. 
However, more durable immersion deposits of gold can be formed on nickel 
or silver based deposits. 

3. Immersion rhodium plating of silver and copper alloys 

Formula 1: (U. S. A. customary units) (Source: Untracht 1982, p. 681) 
4.5 g/l (0.6 oz / gal) Rhodium (as Chloride). 
250 mUl (32 fl. oz / gal) Hydrochloric Acid. 
This solution operates at room temperature. 

Note: Further immersion solutions which are of historical interest are 
referred to in Spons Encyclopaedia-1882. 

Section 12: Patinating Solutions 
The following section contains examples of patinating solutions. In each 
case the heading, highlights which metal(s) the solution is appropriate to and 
gives an indication of the resulting colour. 

1. Gold / Sterling silver & copper - brown / black. (Sources: Strosahl et al. 
1982, p. 149 and Langbein 1920, p. 626) 

Formulation: 1-2 lumps of Liver of Sulphur. 
142 ml -1.136 litres ('/4 -2 pints) Water. 
A small quantity of Ammonia - optional (to give a bright 
lustre). 

Procedure: Stirring constantly, dissolve a small amount (e. g.: 1 lump) 
of the liver of sulphur in water to produce a deep yellow solution. (Note: 
Whilst gentle warming will speed up the process, it is important to avoid 
boiling the solution. ) It will take between two and five minutes for the 
solution to become active. The object to be treated is then immersed in the 
solution and monitored until the desired change in colour occurs. As the 
reaction takes place the metal will pass through a range of bronze, blue and 
purple hues before taking on a brown / black stain. The piece should be 
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observed and checked at regular intervals. Once the prerequisite colour 
emerges, extract the artefact and rinse thoroughly initially under cold 
running water, then hot, to neutralise the reaction. Dry under hot air, then 
lacquer or wax the piece to retain a stable finish. 

This approach produces a very even colour. Where necessary the 
process can be repeated several times to generate a deeper hue / tone. 
Alternatively, the flexibility of this process enables selected areas of the 
artefact to be coloured in a more irregular fashion, by dabbing/drawing upon 
the surface to be treated with a lump of sulphur, or by randomly flicking the 
solution onto the surface to create a mottled effect. 

2. Copper - scarlet / blue / violet 

Formulation: Barium Sulphide 
Water 

Procedure: Dissolve the barium sulphide in water. Apply the solution 
using either an immersion procedure, or a paint brush. 

3. Copper - antique green (Source: Untracht 1975, p. 417) 

Formulation: (USA customary units) 
30 gms (4 oz) Copper Nitrate. 
30 gms (4 oz) Calcium Carbonate. 
30 gms (4 oz) Ammonium Chloride. 
to 1 litre (1 gallon) of Water. 

Procedure: Warm the article whilst in situ in the solution. Alternatively, 
warm the solution prior to stippling it onto the surface of the metal using a 
sponge, stiff brush or mark making implement. 

4. Copper - blue patina 
Formulation: 56.7 gms (2 oz) Cuprous Chloride. 

56.7 gms (2 oz) Ammonia. 
284 ml ('/2 pint) of Vinegar. 

Procedure: Dissolve the cuprous chloride and ammonia in vinegar. 
Then either immerse the artefact in the solution, or apply using a paint 
brush. A vibrant blue patina should emerge within 1-2 hours. (Alternatively, 
the solution may be daubed or sponged onto the surface of the metal to 
produce a textured effect. ) On extraction do not rinse the artefact - simply 
allow it to dry, prior to treating it with a lacquer or wax medium to protect 
the surface. 

5. Copper -r bright blue/turquoise (Source: Hughes and Rowe 1982, No. 3.204) 

Formulation: 150 gms (24 oz) Ammonium Carbonate. 
60 gms (9.6 oz) Copper Acetate. 
50 gms (8 oz) Sodium Chloride. 
50 gms (8 oz) Potassium Hydrogen Tartrate. 
to 1 litre (1 gallon) of Water. 
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Procedure: Dissolve the constituent ingredients in water in the order 
shown above. Effervescent fizzing will occur. Cotton wool (or alternatively 
pine needles) moistened with the solution can then be used to line the base 

of a tray. The article is placed inside the tray before additional layers of 
saturated cotton wool are tightly packed around the form to ensure good 
surface contact. The artefact should then be covered in a plastic bag / sheet 
and left for approximately 10-20 hours - observations being conducted at 
regular intervals. The artefact can then be washed in cold water before being 

air dried and finished with wax. 

6. Copper & silver -a multicoloured iridescent effect on silver, and a 
flat sea green coloration on copper. 

Formulation: 1 part Zinc Chloride (2% -- conc. ) 
2 parts Acetic Acid (3%) 
4 parts Ammonium Chloride (5%) 
4 parts Sodium Chloride - Table Salt (5%) 
8 parts Copper Sulphate (10%) 
60 parts Water 

Procedure: Dissolve the ingredients in water in the order shown above. 
The solution which functions at room temperature, can either be applied 
using a paint brush or used as an immersion treatment. 
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Appendix to Chapter 8 

Section 1: Market Research Questionnaire 
Correspondents 
Market research was undertaken to assess the commercial viability of 
electrodeposited glassware. The enclosed covering letter and questionnaire 
were sent to the `Crystal Buyers' of the following major retail outlets: 

Kerry Daley Amelia Meyers 
Crystal Buyer Crystal Buyer 
Liberty Plc Selfridges Ltd 
210 Regent Street 400 Oxford Street 
LONDON LONDON 
W1R 6AH W1A 1AB 

Melanie Solari Susan Walker 
Crystal Buyer Crystal Buyer 
Harrods Ltd Thomas Goode & Co Ltd 
87 Brompton Road 19 South Audley Street 
Knightsbridge LONDON 
LONDON W1Y 6BN 
SW1Z 7XL 

Sue Chiverton Chris Martin 
Glass Buyer Crystal Buyer 
John Lewis Partnership House of Fraser Plc 
171 Victoria Street 1 Howick Place 
LONDON Victoria 
SW15NN LONDON 

SW1P 1BH 
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4160"m UNIVERSITY OF 

WOLVERHAMPTON 

Cover Letter Andrew Brewerton MA (Cantab) FRSA 
Dean 

School of Art and Design 
University of Wolverhampton 
Molineux Street 
Wolverhampton 
WV1 1SB 
United Kingdom 

Telephone 
UK Code (01902) 
International Code (+44 1902) 
Switchboard 321000 
Direct Line 
Fax 321944 

Email 
Internet 

Dear 

I am a Research Assistant currently studying for a (PhD) Doctorate. The 

emphasis has been focused upon the "Creative Exploitation of Electro- 
depositing Metals onto Glass", a process which can be employed to 
selectively coat glass with decorative films of gold, silver and copper. As 

part of this research I am currently working in collaboration with a major 
British Crystal manufacturer on an important feasibility study to ascertain 
whether a market exists for a commercially viable glassware range which 
employs this process, and to determine and identify where the best market 
opportunity might lie. The information correlated from this market research 
if positive, will be employed in the long term beyond the remits of this study 
to formulate an informed approach to designing a glassware product/range 
which occupies a specific niche in the market place. 

To fulfil this objective I am currently interviewing the buyers of selected 
major retail outlets. This interview takes the form of a series of documented 
questions, which have been complied following a personal visit to your 
showroom. I would therefore be most grateful if you could please do me the 
honour of firstly completing the attached questionnaire and, secondly, of 
communicating any personal comments/feelings regarding your perception 
of what the market opportunities might be fro a range of electro-deposited 
glassware before returning it to me as promptly as possible. 

Please note that I shall be more than happy to discuss both the conclusions 
drawn from this research and my personal ambitions for using this 
decorative process for commercial application in the future. 

Yours in anticipation 

GL Burdett 
CCR 

FM No FS 28 792 INVESTOR IN PEOPLE 
Vice-Chancellor 
Professor MI Harrison MA 
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Questionnaire 

Specific questions 
The following questions are aimed at surveying the range of metallized 
glassware currently available in the market place. Within the context of 
this questionnaire the term "metallized glassware" is used in reference to 
any item of glass which incorporates a decorative metal finish. This 
therefore includes metal applied by a process of lustreing, gilding or 
electro-plating. 

1. With regard to your existing collection of metallized glassware can 
you please specify: 

(i) The most important brand names 

(ii) The best selling ranges 

(iii) The most popular individual object(s) within the product ranges 
identified above 

(iv) The important price points for metallized 

giftware (with reference to type) 

stemware 

unique prestige pieces 
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(v) How big in terms of financial turnover is your retail market for 

metallized glassware, and how does this compare to your market for 
(a) Cut Crystal, (b) Plain Crystal? (In the future would you like to 
see metallized glassware account for an increasingly large share of 
the market? ) 

(vi) Are glassware ranges metallized with decorative films of common 
base metals (for example copper) as saleable a commodity as 
glassware ranges metallized with precious metal films? 

2. In principle, do you feel that metallized glassware should position 
itself in the market; more towards being categorised as a form of 
ornamental jewellery in which the semi-precious and decorative 
qualities of the object take precedence, or do you think that 
metallized glassware should fulfil a more practical/functional role? 
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3. Your existing range of metallized glassware appears to be dominated 
by glassware bearing a gilded (gold) decoration. In the foreseeable 
future would you be interested in extending this range to include: 

(i) A range of elegant stemware, bearing electro-deposited silver or gold 
stems and feet? 

(ii) A broader and more specialised range of electro-deposited giftware? 
for example: 

a ladies boudoir set (atomised, make-up brush, 
earring holder etc) 

a gents toilet set (shaver, shaver brush, atomiser etc) 

a gents desk top set (paperweight, desk clock, letter 
rack, pen etc) 

(iii) A steady production range of silver or gold plated glassware? 

(iv) A more prestigious and unique range of connoisseur pieces for the 
more exclusive end of the market? 
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4. In your opinion, is there a market for one-off glass commissions 
incorporating metal treatments, and would you wish to offer such a 
service? This for example could be used to supply: 

(i) Very prestigious and unique pieces of glassware to "special 

customers" 

(ii) Glassware featuring decorative emblems or motifs. This could be 
harnessed to: 

produce your own "retail" brand of merchandise 

Produce commemorative glassware in celebration of 
national occasion (eg the Queen's birthday) 

produce wholesale giftware bearing 
promotional/marketing emblems for corporate 
buyers 

provide a personal monogram service, designed to 
customise glassware 

Please comment; 
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5. To what extent, if at all, do you believe your customers can 
understand and appreciate the difference between the quality and 
value of lustred glassware as opposed to a glassware coated with a 
film of electro-plated silver or gold? 

6. Your existing range of electro-deposited glassware is very simple 
and bland bearing either a pure banding of silver (Dartingtons' 
Argenta Range) or plain floral overlay of metal (Jenny Blairs' 
Giftware). In the foreseeable future would you be interested in 
purchasing electro-deposited glassware which offers a more 
sophisticated decorative appeal. This could include a range of 
electro-deposited glassware which features a richly embellished 
surface? For example, Glassware could be adorned with either an 
elegant but concisely embossed/engraved relief pattern or 
alternatively a much freer and highly textured precious metal overlay 
in silver or gold. 



Burdett, G. 1998 Chapter 8 -The Dartington Project [8(App)] 95 

7. I am aware that one or two of your existing glassware ranges carry a 
very "traditional" gilded/lustred transfer pattern. Do you think that a 
market exists for a well thought out contemporary equivalent bearing 

a gilded design within the modernist style/tradition? 

8. Do you believe that there is room in the market place for a "studio" 
range of gilded/silvered glassware? This could perform the role of 
supplying retail outlets with individual handcrafted glassware which 
would illustrate a more direct marriage between craft and 
commercial enterprise and thereby make art more directly accessible 
to the public. 
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9. In the foreseeable future would you be interested in a new range of 
electroplated glassware which features: 

(i) A dual precious metal finish, for example a silver ground over-laid 
with gold? 

(ii) A non-precious metal finish; for example copper or brass possibly 
treated with a richly coloured patina? 

(iii) Coloured glass forms incorporating decorative films/overlays of 
precious metal? 

10. If used innovatively, do you believe that there is a captive market 
opportunity for electro-deposited glassware: 

(i) Designed specifically for foreign customers which could take 
advantage of acknowledged cultural associations. For example the 
Arabs' affinity for richly embellished gold products and the 
Americans' corresponding veneration of silver? 

(ii) Within the market for bridal suites and christening ware? This could 
feature glassware bearing a highly stylised decoration of palladium 
or silver. 
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General questions 
11. From retail sales figures how do you view the current market 

economy, are we emerging out of a recession? With regard to 
glassware are you aware of any new market trends in product type or 
design? - if so, how does this affect the way in which you would like 
to see your product range expand in the future? 

12. Who is responsible for selecting the stock that you purchase. Is this 
entirely your decision or is it a decision reached through consultation 
with retail staff and management representatives? 
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13. When looking for a new range of glassware, are you obliged to 
search for a product which conforms to a previously established set 
of criteria (so that in essence you know precisely what you are 
looking for) or is the decision over the purchase based upon a freer, 
more intuitive and spontaneous selection process? 

14. At which times of the year do you make decisions about new 
products, and when do you place orders? If you intend to launch a 
new product of Christmas when would you expect to buy it in? 

15. After launching a new product what length of time is required to 
determine whether it has been successful? In the event of the product 
being deemed unsuccessful when would the cut off point be? Is your 
evaluation regarding success of a new product based entirely upon 
sales figures? 
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16. I assume that you have ongoing contracts with corporate clients. If 

so: 

(i) Are these arrangements geared specifically to supplying them with 
glassware or do they cover a broader range of commodities? 

(ii) Does this account for a very large percentage share of your retail 
market? Is this market likely to expand in the future? 

(iii) Do you believe that corporate buyers are looking for a 
convenient/traditional glassware product or something more unique 
and quirky? 

17. Presumably your main channel for introducing/purchasing "new" 
products is through the International Trade Fairs (Frankfurt and 
Birmingham). By what other methods do new products enter into 
your range? For example: 

(i) Do small business's approach you directly through an interview 
situation? 
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(ii) Are you active in pursuing products outside your existing range to 
satisfy the requirements of individual customers? If so, specify how. 

18. What important rationale would it be necessary to adopt when 
considering a glassware product for the European market opposed to 
the British Market? 

19. On reflection, do you feel that any of the answers you have given to 
the above questions are likely to change in the foreseeable future? 
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Introduction 

The following catalogue consists of a recorded documentation of the 

empirical experiments and test results undertaken within the context of this 

research into "The Creative Exploitation of Electrodepositing Metal onto 
Glass". These have been derived from background research into historical 

precedences, contemporary practice and from pursuing quite independent, 

and frequently adhoc lines of enquiry. 
These samples have been generated in response to the investigation of 

two fundamental lines of enquiry, namely to explore and evaluate (i) the 
levels of surface conductivity and adherent bonding properties between the 
metal and the glass, by examining metallizing procedures used to initiate 
the electrodeposition process, and 

(ii) methods of exploiting the formal aesthetic possibilities and 
creative potential of the technique. The samples produced display a range 
of textural and tactile qualities which are of a highly decorative and 
ornamental nature, and demonstrate a repeatable and premeditated control 
over the electrodeposition of metals onto glass. This pragmatic and 
empirical experimentation was designed to identify practices and 
procedures of the process which could be used by the A/C operating 
within the financial, practical and technical limitations of a small scale 
studio environment. The samples presented in the accompanying material 
are not designed to be viewed in isolation, but form an integral part of the 
research. This has given rise to strong evidence of cross referencing 
between the academic and practical strands of the enquiry. Conclusions 
drawn from these experiments are highlighted in Chapters 6B and 7 of the 
main thesis. 
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Sample No. 2b 

Preparation 
A sample of 4 mm window glass was cleaned using a solvent degreaser 
and alkali based detergent before being rinsed and dried in warm air. 

Metallization Technique - Fused metal powder. 
An admixture of beeswax, enamel, glass flux and turpentine was melted, 
ground and pulverized to form a liquid paint. This was applied to the 
surface of a sheet of greaseproof paper, and maintained in a semi-liquid 
state whilst nickel powder and printers bronzing powder were sprinkled 
over the surface. The paper was removed from the heat allowing the 
surface to cool and solidify. Writers Gold Size was then spread onto the 
glass sample to form a tacky, cohesive surface, for adhering the metallized 
greaseproof paper. 

This was transferred to the kiln and fired to a fusing temperature of 
750°C (1382°F). On annealing the sample was rinsed, dried, and the lower 

section masked off using black insulating tape prior to undergoing 
electrodeposition. 

Electrodeposition 
Metallized surface area: 16 cm2 (2.5 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf). 
Actual amps: 0.35 amps 

Plating duration: 13/4 hours (initially) 

Observations 
During deposition the corrosive nature of the electroplating solution etched 
and stripped the metallizing medium, this inhibited the spread of 
electrodeposited metal across the surface of the glass. Bearing this 
limitation in mind, the surface coverage of copper was complete (as far as 
was possible) within the initial 13/4 hour plating period. To reinforce the 
deposit, plating was subsequently allowed to continue for a further 30 
minutes at an increased CD of 4.0 A/dm2 (40 Asf) - 0.7 amps. 

Result 
The electrodeposited metal was scantily clad and confined to a very small 
surface area. The deposit which was partially adherent formed as a 
nodular, cauliflower-like growth of copper. 
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Sample No. 2b 
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Sample No. 6 
Preparation 
A prototype of the glass form was sculpted and modelled in wax. 

Metallization Technique - Cast metal powder. 
The exterior skin of the wax model was melted using a naked flame, and 
Scropas brass powder was liberally compressed into the soft malleable 
surface. A film of hairspray was applied to retain any loose powder in 
position. A jacket mould of plaster and investrite was cast around the 
metallized wax form in preparation for the "lost wax casting" process. The 
wax model was then melted out and evacuated to leave a hollow cavity in 
the plaster mould, impregnated with metal powder. Crushed lead cullet 
was packed into the mould, which was fired to a casting temperature of 
912°C (1674°F). 

After annealing, the mould was removed to reveal the corresponding 
glass form which was impregnated with the metallizing medium. This was 
cleaned and rinsed before being transferred to the electroplating solution. 

Electrodeposition 
Metallized surface area of. 42 cm2 (6.5 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.9 amps 

Plating duration: 52 minutes (1 hour) 

Observations: 
There was a high resistance to deposition. After one hour, the surface 
coverage of electrodeposited copper was confined to a meagre area of 1-2 
cm2 (0.155-0.31 sq")The piece was therefore returned to the solution for a 
further twenty hours to assess the speed at which the electrodeposited 
metal would continue to spread across the surface of the glass. 

Result 
Due to poor conductivity, there was only a partial surface coverage of 
electrodeposited metal. Copper was preferentially deposited on the 
exterior/peripheral edges of the piece (the high CD areas) forming very 
dense, -bead-like, nodular swellings of copper. The deposit was 
exceptionally/tenaciously adherent, relinquishing any reliance upon the 
principle of encapsulation. 



Burdett, G. 1998 Accompanying Material 4 

Sample No. 6 
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Sample No. 8b 

Preparation 
A sample of 4 mm thick window glass was 
(i) randomly cut, ground and abraded, using carburundum and stone 

grinding wheels; 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Fused metal powder 
Scropas copper powder was loosely sprinkled/sieved over selected areas of 
the abraded surface. The glass was then transferred to a kiln and fired to a 
temperature of 719°C (1326°F) to permanently fuse the copper into the 
surface of the glass. 

After annealing, the piece was extracted, rinsed and blow-dried. The 
lower section of the sample was masked out using black insulating tape 
prior to being introduced to the electroplating solution. 

Electrodeposition 
Metallized surface area: 12.6 cm2 (2.0 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.28 amps 

Plating duration: 2'/2 hours (initially) 

Result 
Metal deposition proceeded slowly. This was inhibited by a high electrical 
resistance and poor surface conductivity. A plating duration of 21/2 hours 
was necessary to enable a complete (albeit very thin and dull) film of 
electrodeposited metal to form across the metallized areas of the glass. To 
reinforce the strength of the deposit, the current was subsequently 
increased to 4.0 A/dm2 (40 Asf) - (0.5A) for a further hour. The final 
deposit, which possessed a coarsely textured and sugary appearance, 
proved to be weakly adherent. 
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Sample No. 8b 
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Sample Nos. 30,31a, 31b, 33,37 and 38 
Metallization Technique - Cathode sputtering 
Six samples of Pilkingtons Suncool range of reflective glasses, which had 
been metallized using cathode sputtering technology, were employed in 
this experimentation, to assess the suitability of the process to metallizing 
glass in preparation for electrodeposition. 

The samples consisted of several sheets of window glass, coated with 
a variety of translucent metallic sheens. These were selected to represent 
the range of characteristics and properties which could be derived from 
using cathode sputtering technology. These samples may be identified as 
follows: 

Sample No. 30: Suncool 10/23 (silver) 
Sample Nos. 31a & b: Suncool 20/34 (silver) 
Sample No. 33: Suncool 10/24 (bronze) 
Sample No. 37: Suncool 30/39 (blue) 
Sample No. 38: Suncool 38/39 (blue) 
Prior to being introduced to the acid copper sulphate electroplating 

solution, each sample was cleaned in a solvent and mild alkaline detergent 
solution and then thoroughly rinsed and dried. A section of each sample 
was selectively masked with black insulating tape to preserve the 
metallized film. 

Electrodeposition 
The samples underwent electrodeposition independently. Each sample was 
calculated to have a metallized surface area of 21.9 cm2 (3.4 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.47 amps 

Plating duration: 52 minutes (1 hour) 
NB: Sample No. 31a, which had a larger surface of 47 cm2 (7.3 sq"), was 
also electrodeposited at 2.0 A/dm2 (20 Asf) - (1.0 amps), whilst Sample 
No. 3 lb was electrodeposited at 4.0 A/dm2 (40 Asf) - (0.9 amps). 

Results 
Initially all of the samples received a dull, but continuous surface coverage 
of electrodeposited copper. However, adhesion was virtually non-existent. 
This meant that the electrodeposited metal coatings were extremely 
fragile, delicate and prone to dismemberment and disintegration. 
Incoherent wafer-thin films of copper exfoliated and liberally flaked away 
from the surfaces, which, on detachment, appeared to be replaced by the 
formation of duplicate copper films. The poor adhesion of these deposits 
indicates that the process would be more appropriate for electroforming 
applications. 
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On Sample No. 3lb metal was preferentially drawn to the peripheral 
edges of the deposit (high CD areas) to produce a bright lustrous deposit of 
copper. This contrasted sharply with the central area of the sample which 
only received a very thin dull film of copper. Although this sample 
received a comparatively stronger and more durable film of copper than 
any of the other samples, the resulting deposit was inferior in uniformity. 
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Sample No. 30 

Sample No. 31a 



Burdett, G. 1998 Accompanying Material 10 

Samnle No. 31 h 

amnle Na- 33 RI 
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Sample No. 37 

Sample No. 38 
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Sample Nos. 44 and 45 

Preparation 
Two glass microscope slides were 
(i) selectively sandblasted to produce a smooth, lightly abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Fused metal powders 
The abraded surface areas of the slides were moistened with water, before 

printers bronzing powder and Scropas copper powder were lightly sieved 
onto the prepared surfaces (Sample Nos. 44 and 45 respectively). A 
template was employed to help locate the metallizing media in the 
correctly designated areas. The samples were then transferred to a kiln, 
and simultaneously fired to a fusing temperature of 750°C (1382°F) to 
permanently impregnate the metal powders into the surface of the glass. 

After annealing the metallized samples were rinsed, dried and partially 
masked with black insulating tape before being exposed to the 
electroplating solution. 

Electrodeposition 
Each sample was calculated to have a metallized surface area of 10 cm2 
(1.6 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.22 amps 

Plating duration: 52 minutes (1 hour) initially 

Observations 
A high electrical resistance was registered during the initial stages of 
processing Sample No. 44. By comparison, Sample No. 45 underwent 
electrodeposition more readily, indicating the presence of a more highly 
conductive surface. 

Results 
Sample No. 45 received a coherent and continuous surface coverage of 
electrodeposited metal (this took 2 hours to travel across the metallized 
areas of the glass). Viewed from the reverse side, the metallized film was 
transformed in colour from charcoal black to copper. Adhesion appeared 
to be moderate. Characteristically the deposit bore an irregular, undulating 
surface. This was reflected in the warped nature of the slide which as a 
result of the difference in the co-efficient of expansion of the metal and the 
glass had undergone buckling and distortion during the firing process. 
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In contrast, Sample No. 44 only received a partial surface coverage of 
electrodeposited metal. The metallizing film was rapidly dissolved and 
eradicated by the corrosive nature of electroplating solution, which 
effectively inhibited any further growth/spread of electrodeposited metal. 
Observed from the reverse side of the glass, the metallized film retained its 
charcoal black appearance. The resulting deposit, though fairly smooth, 
was therefore sparsely distributed and weakly adherent. 
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Sample No. 44 

Sample No. 45 

Top: The sample showing the metallized surface film. 
Bottom: The sample on completion of the electrodeposition process. 
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Sample Nos. 48a, 48b, 49a and 49b 

Preparation 
Four samples of 4 mm thick window glass were partially masked and then 
(i) smoothly sandblasted to produce a lightly roughened surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Copper lacquers/pastes 

Sample Nos. 48a and 48b 
Cannings' copper bronze powder and binding lacquer No. F67406 were 
mixed in a ratio of 5 gms of paste to 10 ml of lacquer to form a grainy 
viscous paste which was applied to the roughened surfaces of two of the 
samples using a paint brush. 

Sample Nos. 49a and 49b 
Schloetters' copper paste No. 1080 and `Ecropen' lacquer No. 1764/002 

were mixed in a ratio of 1: 1 (5 gms lacquer/5 gms paste). This was 
blended with a small amount of thinners No. 355/007 to form a smooth, 
runny liquid emulsion, which was applied to the roughened surfaces of the 
two remaining samples using a paint brush. 

In each case, the lacquer was (applied in accordance with the 
manufacturers' guidelines and) left to cure/harden overnight. An area of 
the metallized surface was then masked out using black insulating tape 
before the samples were introduced to the electroplating solution. 

Electrodeposition 
Sample Nos. 48a and 48b were calculated to have a metallized surface area 
of 22.5 cm2 (3.5 sq") 

Deposition rate: 
Actual amps: 

Plating duration: 

Sample No. 48a 
2.0 A/dm2 (20 Asf) 
0.5 amps 
52 minutes (1 hour) 

Sample No. 48b 
4.0 A/dm2 (40 Asf) 
1.0 amps 
52 minutes (1 hour) 

Sample Nos. 49a and 49b were calculated to have a metallized surface area 
of 14.7 cm2 (2.3 sq") 

Deposition rate: 
Actual amps: 

Plating duration: 

Sample No. 49a 
2.0 A/dm2 (20 Asf) 
0.3 amps 
52 minutes (1 hour) 

Sample No. 49b 
4.0 A/dm2 (40 Asf) 
0.6 amps 
52 minutes (1 hour) 

Observations 
Despite registering a high electrical resistance, deposition occurred 
spontaneously. 
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Results 
In both instances, good electrical conductivity reciprocated a rapid, 
coherent and uniform surface coverage of copper. However, the lifting, 
peeling, and exfoliation of the electrodeposited films illustrated that there 
was an emphatic reliance upon the principle of encapsulation to bond the 
metal to the glass. This was especially evident in Sample Nos. 48b and 49b 
where a higher CD had been used. 

Brush marks arising from the application of the metallizing media 
were also found to be exaggerated and accentuated during subsequent 
electrodeposition. 
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Sample Nos. (top) 48a and (bottom) 48b 

"' 

Sample Nos. (left) 49a and (right) 49b 
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Sample Nos. 59,60,62,63,64 and 65 
Introduction 
The following set of samples were designed to explore the way in which 
optical moulds and abrasive materials can be used in the hot shop as a 
vehicle for generating textural and tactile surface qualities. The effects 
produced were then enhanced and exaggerated through subsequent 
electrodeposition. 

Preparation 
In each experiment a bit iron was employed to take a small gather of hot 

glass from the furnace. This was rolled on the marver and reheated in the 
glory hole before being lowered into the chosen optical, dip mould. Once 
the texture had been picked up, the glass was extracted from the mould 
and pulled out to form a textured rod (Sample No. 59). In some instances 
the bit iron was simultaneously rotated and rolled whilst the rods were 
being pulled to twist the glass and create a spiralling effect (Sample Nos. 
60,61, and 63). If in addition to this the marvered glass gather was first 
lightly pressed into a trail of silver sand before twisting, it was possible to 
integrate a finely textured helix into the surface (Sample No. 64). 
Alternatively, the gathered glass was rolled in copper powder before 
pulling the rod to produce a randomly applied, textured surface quality 
(Sample No. 62). 

Metallization Technique - Conductive silver paint/electrodag 
On annealing the glass rods were meticulously cleaned, rinsed and dried in 
warm air. In each instance they were partially coated in Heraceus silver 
paint 'Electrodag T9058 and allowed to dry. The samples were then 
introduced to the electroplating solution. 

Electrodeposition 
Sample 

Metallized area (cm2): 
( sq"): 

Deposition rate: 
Actual amps: 

Plating duration: 

No. 59 No. 60 
20 5.25 
3.1 0.8 

0.5 amps 

No. 61 No. 62 No. 63 
10.25 24 15 
1.6 3.7 2.3 
All at 2.0 A/dm2 (20 Asf, 

0.7 amps 1 0.8 amps 
2 hours 

No. 65 I No. 64 
21 17.5 
3.3 2.7 

N. B: Line breaks are used to indicate which samples underwent simultaneous 

10.4 amps 

electrodeposition. 
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Results 
All of the rods received a very uniform and coherent surface coverage of 
electrodeposited copper. This replicated and exaggerated the underlying 
textural and tactile surface qualities (generated through the use of optical 
moulds and textured materials) with great subtlety and sensitivity. If 
harnessed and nurtured effectively by the A/C this technique offers 
enormous scope for further creative exploitation. Since the principle of 
encapsulation was employed all the deposits exhibited a moderate to good 
level of surface adhesion. 
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Sample Nos. (left) 59 and (right) 60 
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Sample No. 62 
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Sample Nos. (left to right) 63,64 and 65 
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Sample No. 72a 

Metallization Technique - Chemically reduced silver film (mirroring) 
A sheet of window glass was professionally silvered by Solaglass. 
Reference should be made to a brief resume of the metallizing process 
which is delineated in Chapter 6B (Section 6.1.3) of the main text. 

The delicate silver film was dried in warm air and left to "mature" for 

a recommended period of 5 hours to promote the strength of the glass-to- 
metal bond. The left hand side of the silvered glass was then insulated and 
rendered impervious to the electroplating solution using Cannings' 
`Covolac' lacquer. The sample was cleaned and rinsed prior to undergoing 
electrodeposition. 

Electrodeposition 
Metallized surface area: 38.5 cm2 (6.0 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 0.41 amps 

Plating duration: 52 minutes (1 hour) 

Observations 
In view of the delicacy and sensitivity of mirrored films, it was considered 
appropriate to employ a very modest current density of 1.0 A/dm2 (10 
Asf). The very low voltage recorded during initial electrodeposition 
indicated the presence of a highly conductive surface. 

Result 
On extraction from the electroplating solution, the sample, which was 
coated with an encapsulating, continuous and coherent film of copper, was 
rinsed under the mild pressure of running water. This had a disastrous 
effect, partially stripping both the electrodeposited copper and underlying 
silver film from the glass and was an indication of extremely poor surface 
adhesion. This highlighted a fundamental flaw in the process. 

To preserve the results of this experiment for research/display 
purposes, the sample was carefully dried and coated with a protective film 
of Cannings' ̀ Ecropen' lacquer. 
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Sample No. 72a 
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Sample No. 72b 

Metallization Technique - Chemically reduced silver film (mirroring) 
In a corresponding manner to the previous experiment Sample No. 72a, a 
sheet of window glass was professionally mirrored by Solaglass in 
Coventry. Reference should be made to the brief resume of the process 
which is delineated in Chapter 6B (Section 6.1.3) of the main text. 

In an attempt to obtain a stronger, more adherent film of 
electrodeposited copper, the following changes were made in repeating the 
experiment with Sample No. 72b. 

(i) A fresher and more suitable preserved silver film was used (to 

avoid tarnishing). 
(ii) A much lower current density was employed to minimize stress. 
(iii) A longer plating period was implemented to enable a thicker, 

more durable deposit to form. 
(iv) On extraction from the plating solution, the sample was gently 

bathed in still water. 
The implications of these alterations will become evident in the 

following explanation. 
The glass was extracted from the Solaglass "mirroring" process after 

receiving a chemically-reduced film of silver and copper. The sample was 
then set aside to mature for a 5-hour period to promote the strength of the 
glass-to-mirror bond. Directly before electrodeposition, in order to 
completely dissolve the surface film of copper and expose the freshly 

preserved, but very fragile silver film, the sample was immersed 
horizontally in a 50% solution of ammonia. After rinsing and drying, the 
left-hand side of the mirrored silver film was masked and rendered 
impervious with an insulting film of Cannings' `Covolac' lacquer. On 

curing, the sample was immediately transferred to the electroplating 
solution. 

Electrodeposition 
Metallized surface area: 38.5 cm2 (6 sq") 

Deposition rate: 0.5 A/dm2 (5 Asf) 
Actual amps: 0.2 amps 

Plating during: 1 hour 20 minutes 

Observations 
Though delicate and sensitive, the highly conductive silver film promoted 
spontaneous metal deposition. 
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Result 
Sample No. 72b gave rise to a more substantial and durable deposit. 
However, the adhesion proved to be negligible/extremely weak, causing 
the electrodeposited metal to display signs of exfoliation - lifting and 
peeling away from the peripheral edges of the substrate surface. To 
preserve the test result for research/display purposes, the completed 
sample was rinsed, dried and finally coated with a protective film of 
`Ecropen' lacquer. 
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Sample No. 72b 
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Sample Nos. 73 and 74 

Metallization Technique - Chemically reduced copper film 
(mirroring). 
Two small samples of window glass were professionally coppered by 
Solaglass a commercial mirroring plant in Coventry. Reference should be 

made to the brief resume of this mirroring process which is delineated in 
Chapter 6B (Section 6.1.3) of the main text. 

Both of the samples were extracted from the mirroring procedure after 
receiving a preliminary film of chemically reduced silver and secondary 
film of chemically reduced copper. These were left to mature for a 5-hour 

period. A thin film of Cannings' `Covolac' was applied to the left-hand 

side of Sample No. 74 to render the area non-conductive and impervious to 
the plating solution. This was in contrast to Sample No. 73 which was 
afforded no such protection. The samples were subsequently cleaned in a 
mild detergent and rinsed before the lower section of each sample was 
submerged in the electroplating solution. 

Electrodeposition 

Metallized surface area: 
Deposition rate: 

Actual amps: 
Plating duration: 

Sample No. 73 
60.5 cm2 (9.4 sq") 
0.5 A/dm2 (5 Asf) 
0.33 amps 
1 hour 20 minutes 

Sample No. 74 
33cm2 (5.1 sq") 
0.5 A/dm2 (5 Asf) 
0.18 amps 
1 hour 20 minutes 

Observations 
The high voltages which were registered throughout the plating procedure 
indicated that the electrical resistance was far greater in electrodepositing 
copper films than had previously been recorded in the electrodeposition of 
silver films (Sample Nos. 72a/b). This suggests that copper films possess 
an inferior level of surface conductivity. 

Results 
Although not directly exposed to the electroplating solution, the copper 
film on the unprotected portion of Sample No. 73 was partially eroded 
away by the corrosive and acidic atmosphere of the tank. 

Whilst on both samples the surface coverage of electrodeposited metal 
was excellent, adhesion was negligible/exceptionally poor. The 
electrodeposited copper films were prone to lifting, and exfoliation, and 
could be easily scratched, flaked or peeled away from the glass using a 
sharp abrasive implement or tool. This gave rise to deposits which were 
reliant upon the principle of encapsulation for strength and durability. 
Therefore, in practice, this metallization procedure should be reserved for 
electroforming applications. 
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Sample No. 73 

Sample No. 74 
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Sample No. 75 
Primary Processing 

Preparation 
A sample of 4 mm thick window glass was 
(i) selectively masked and sandblasted to produce a smooth, lightly 

abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Heraceus silver paint 'Electrodag T9058' was brush applied to the abraded 
surface of the glass. This was stoved at a temperature of 70°C (158°F) to 
promote the bonding properties of the metallizing medium and lower the 
surface resistance (so increasing conductivity). The sample was 
subsequently cleaned in an alkali based detergent solution, rinsed, acid 
dipped in 10% sulphuric acid and thoroughly rinsed in cold running water 
before being transferred to the electroplating solution. 

Electrodeposition 
Metallized surface area: 120 cm2 (18.6 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 1.3 amps 

Plating duration: 1 hour at 0.5 A/dm2 (5 Asf), then 1 hour 50 
minutes at 1.0 A/dm2 (10 Ast) 

Result 
This produced a rapid, coherent, and uniform surface coverage of 
electrodeposited metal, creating a good foundation for the development of 
textural and tactile surface qualities. The sample was rinsed and dried. 

Secondary Processing 

Preparation 
Scrunched, puckered and wrinkled sheets of randomly torn tissue paper 
were adhered to selected areas of the electrodeposited copper using a water 
resistant formula of PVA glue. The paper was arranged haphazardly to 
create a tactile surface quality. On drying these areas were treated with two 
layers of 'Covolac' to seal and protect the surface texture, and render it 
impervious to the electroplating solution. The sample was then cleaned 
using an alkali based cleaning agent, rinsed, dipped in 10% sulphuric acid, 
rinsed and dried. The textured areas of the sample were metallized using 
silver paint 'Electrodag T9058', before being transferred to the 
electroplating solution. 
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Electrodeposition 
Metallized surface area: 120 cm2 (18.6 sq") 

Deposition rate: 0.5 A/dm2 (5 Asf) 
Actual amps: 0.6 amps 

Plating duration: 2 hours 

Result 
On extraction from the electroplating solution the sample was rinsed and 
dried. Some difficulty had been experienced in electroplating metal into 
the awkward crevices, recesses and undercuts in the surface texture. This 
was indicated by superficial traces of silver paint which remained visable 
within the surface of the metal. The sample was therefore reworked using 
Polyfilla to fill in and disguise any undercuts. The prepared areas were 
treated with 'Covolac', recleaned and re-metallized using the procedures 
outlined above, before undergoing electrodeposition for the final time. The 
sample was electrodeposited at 1.0 A/dm2 (10 Asf) for 1 hour and 30 
minutes. 

On completion the sample exhibited a good coverage of 
electrodeposited metal which reflected and replicated the underlying 
surface texture with great accuracy and sensitivity. To prevent tarnishing 
and oxidation the copper was coated with a thin film of 'Ecropen' lacquer. 
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Sample No. 75 
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Sample No. 76 

Primary Processing 

Preparation 
A sample of 4 mm thick window glass was 
(i) selectively masked and sandblasted to produce a smooth, lightly 

abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Heraceus silver paint 'Electrodag T9058 was brush applied to the abraded 
surface of the glass. This was stoved at a temperature of 70°C (158°F) to 
promote the bonding properties of the metallizing medium and lower the 
surface resistance (so increasing conductivity). The sample was 
subsequently cleaned using an alkali based detergent, rinsed, acid dipped 
in 10% sulphuric acid and thoroughly rinsed in cold running water before 
being transferred to the electroplating solution. 

Electrodeposition 
Metallized surface area: 112 cm2 (17.4 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 1.2 amps 

Plating duration: 52 minutes (1 hour). 

Result 
This produced a rapid, coherent, and uniform surface coverage of 
electrodeposited metal, creating a good foundation for the development of 
textural and tactile surface qualities. The sample was rinsed and dried. 

Secondary Processing 

Preparation 
A piece of rope and a sample of webbing/open weave gauze which had 
previously been sealed with 'Covolac' were arranged on the surface of 
electrodeposited metal and adhered using 'Super Glue 4'. A further layer of 
'Covolac' was then applied to render the materials impervious to the 
corrosive nature of the plating bath. This was important to avoid 
inadvertently damaging the substrate materials or contaminating the 
electroplating solution. The sample was then cleaned using an alkali based 
detergent, rinsed, acid dipped in 10% sulphuric acid, rinsed and dried. The 
textured areas were metallized using 'Electrodag T9058' before returning 
the sample to the electroplating solution. 
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Electrodeposition 
Metallized surface area: 112 cm2 (17.4 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 1.2 amps 

Plating duration: 1 hour and 5 minutes. 

Result 
The test was partially successful. However, several deep undercuts and 
recessed areas around the base of the rope, failed to undergo 
electrodepostion. This was due to pockets of occluded/trapped air which 
were held in place by surface tension inhibiting the formation of a copper 
film. On extraction from the electroplating solution the sample was rinsed 
and dried, and the areas at fault were relacquered, re-cleaned and re- 
metallized, before being returned to the electroplating solution. To prevent 
the problem from re-occurring and to promote successful electrodeposition 
the sample was introduced to the solution in a horizontal position and 
gently agitated to assist in the release of trapped air, before allowing the 
sample to be freely suspended in the electroplating solution. Air agitation, 
which would only serve to exacerbate or induce a repetition of the 
problem, was deliberately avoided in favour of using mechanical agitation. 
The sample was electrodeposited at an increased current density of 1.0 
A/dm2 (10 Asf) for a further 3 hours. 

On extraction from the electroplating bath the sample was rinsed and 
dried. The sample exhibited a far more coherent and uniform surface 
coverage of copper which reinforced the areas of structural weakness, and 
encapsulated the texture enabling it to merge and become an integral part 
of the deposit. This metal was of a semi-bright appearance. To prevent 
surface tarnishing and oxidation the electrodeposited copper was treated 
with a thin film of 'Ecropen' lacquer. 



Burdett, G. 1998 Accompanying Material 35 

Sample No. 76 
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Sample No. 77 

Primary Processing 

Preparation 
A sample of 4 mm thick window glass was 
(i) selectively masked and sandblasted to produce a smooth, lightly 

abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Heraceus silver paint 'Electrodag T9058' was brush applied to the abraded 
surface of the glass. This was stoved at a temperature of 70°C (158°F) to 
promote the bonding properties of the metallizing medium and lower the 
surface resistance (so increasing conductivity). The sample was 
subsequently cleaned in an alkali based detergent solution, rinsed, acid 
dipped in 10% sulphuric acid and thoroughly rinsed in cold running water 
before being transferred to the electroplating solution. 

Electrodeposition 
Metallized surface area: 112 cm2 (17.4 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 1.2 amps 

Plating duration: 52 minutes (1 hour). 

Result 
This produced a coherent, rapid and uniform surface coverage of 
electrodeposited metal, creating a good foundation for the development of 
textural and tactile surface qualities. The sample was rinsed and dried. 

Secondary Processing 

Preparation 
Selected areas of the electrodeposited metal were masked with wax. This 
was melted on a hot plate (to avoid burning) and applied using a drawing 
implement in a randomly delineated, sinuous pattern. On cooling this 
solidified to form a resist medium. A modelling tool was then used to 
scratch, chase and engrave an impression into the wax and expose 
additional areas of the underlying metal for subsequent electrodeposition. 
Finally, the sample was acid dipped in 10% sulphuric acid and thoroughly 
rinsed in cold running water before being returned to the electroplating 
solution. 
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Electrodeposition 
The application of a resist medium significantly reduced the surface area 
available for subsequent electrodeposition. A very low CD was employed 
to build up a uniform thickness of copper. 

Metallized surface area: 33 cm2 (5.1 sq") 
Deposition rate: 5 A/dm2 (5 Asf) 

Actual amps: 0.2 amps 
Plating duration: 15 hours, 30 minutes. Followed by 1 hour, 10 

minutes at 1.7 A/dm2 (17 Asf) to produce a 
bright, lustrous deposit. 

Result 
On extraction from the electroplating solution the sample was rinsed and 
dried. Craft tools were used to carefully peel and scrape the excess wax 
away from the surface. It was discovered that by exposing the sample to a 
cold enviroment (placing it in a refrigerator) the wax hardened and 
contracted to form a solid sheet which could easily and cleanly be 
divorced and separated from the surface. Any residual traces of wax which 
remained trapped in intricate or complex areas of the metal were 
eliminated using a solvent degreaser. The sample was then scrubbed using 
an alkali based detergent, rinsed and dried before being treated with a 
protective film of 'Ecropen' lacquer. 

The failure to plate a sufficiently durable film of metal, in the first 
instance, meant that the foundation layer of copper was thin, weak and 
susceptible to damage, especially when the resist medium was removed. 
This led to evidence of surface peeling and exfoliation. However, a 
sufficient thickness of metal was deposited during the second stage of the 
plating process to reinforce the strength and structural rigidity of the 
electrodeposited copper and achieve the desired aesthetic effect. 
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Sample No. 77 
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Sample No. 78 
Preparation 
A sample of 4 mm thick window glass was taken and selectively masked 

with black insulating tape to delineate three distinct areas. Resist templates 

comprising of a distorted steel wire mesh, a section of tightly bound 

copper wire and a flattened, sinuous pattern of thick gauge copper wire 
were securely attached to the surface. The sample was then coarsely 
sandblasted to create a series of deeply incised patterns. To create a 
smooth surface these were finished with a fine sandblasting grit. The 
templates were subsequently removed and the sample was meticulously 
cleaned using a solvent degreaser and alkali based detergent before being 

thoroughly rinsed in cold running water and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Heraceus silver paint 'Electrodag T9058' was brush applied to the abraded 
surface of the glass. This was stoved at a temperature of 70°C (158°F) to 

promote the bonding properties of the metallizing medium and lower the 

surface resistance (so increasing conductivity). The sample was 
subsequently cleaned in an alkali based detergent solution, rinsed, acid 
dipped in 10% sulphuric acid and thoroughly rinsed in cold running water 
before being transferred to the electroplating solution. 

Electrodeposition 
Metallized surface area: 108.5 cm2 (16.8 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 1.2 amps 

Plating duration: 3 hours 

Result 
On extraction the sample was rinsed and dried. This revealed a very rapid 
and uniform surface coverage of electrodeposited copper, which replicated 
and emphasized the underlying surface texture with great subtlety and 
sensitivity creating an intriguing and exciting range of aesthetic effects. To 
prevent surface tarnishing and oxidation the metal was protected with a 
thin film of 'Ecropen' lacquer. 
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Sample No. 78 
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Sample No. 79 

Primary Processing 

Preparation 
A sample of 4 mm thick window glass was 
(i) selectively masked and sandblasted to produce a rough, heavily 

abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Acheson Colloids silver paint 'Electrodag 915' was brush applied to the 
abraded surface of the glass. This was stoved at a temperature of 160°C 
(320°F) for a duration of 30 minutes to promote the bonding properties of 
the metallizing medium and lower the surface resistance (so increasing 
conductivity). The sample was subsequently cleaned in an alkali based 
detergent solution, rinsed, acid dipped in 10% sulphuric acid and 
thoroughly rinsed in cold running water before being transferred to the 
electroplating solution. 

Electrodeposition 
Metallized surface area: 120.5 cm2 (18.7 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 1.3 amps 

Plating duration: 2 hours 

Result 
This produced a coherent, rapid and uniform surface coverage of 
electrodeposited metal, creating a good foundation for the development of 
textural and tactile surface qualities. The sample was rinsed and dried. 

Secondary Processing 

Preparation 
Black insulating tape was adherently applied to the electrodeposited metal. 
A sharp craft knife was then employed to cut away selected areas of the 
resist medium in an elaborate design. This revealed the underlying, 
foundation layer of electrodeposited copper. The sample was then 
recleaned using a little pumice and an alkali based detergent solution (to 
remove any remaining traces of glue from the tape) rinsed, dipped in 10% 
sulphuric acid and re-rinsed before being introduced to the electroplating 
solution. 
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Electrodeposition 
Metallized surface area: 60 cm2 (9.3 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 0.6 amps 

Plating duration: 13 hours, 15 minutes 

Result 
On extraction from the electroplating solution the sample was rinsed and 
dried. A miscalculation in the surface area, had inadvertently led to the 
application of an excessively high current density, resulting in a build up 
of metal along the peripheral edges and corners of the sample, and the 
growth of a coarse, nodular encrustation of electrodeposited copper. This 
was in contrast to the much thinner and far more uniform film of metal 
which formed across the central areas of the sample. 

The process was nevertheless a success, giving rise to a richly 
embossed and clearly defined surface pattern which exhibited aesthetically 
pleasing textural and tactile surface qualities. To preserve the metal and 
protect it from surface tarnish and oxidation it was coated with a thin film 

of 'Ecropen' lacquer. 
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Sample No. 79 
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Sample No. 80 
Primary Processing 

Preparation 
A sample of 4 mm thick window glass was 
(i) selectively masked and sandblasted to produce a rough, heavily 

abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Heraceus silver paint 'Electrodag T9058' was brush applied to the abraded 
surface of the glass. This was stoved at a temperature of 70°C (158°F) for 

a duration of 30 minutes to promote the bonding properties of the 
metallizing medium and lower the surface resistance (so increasing 
conductivity). The sample was then cleaned using an alkali based 
detergent, rinsed, acid dipped in 10% sulphuric acid and thoroughly re- 
rinsed in cold running water before being transferred to the electroplating 
solution. 

Electrodeposition 
Metallized surface area: 123.2 cm2 (19.1 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 1.3 amps 

Plating duration: 3 hours 

Result 
This produced a coherent, rapid and uniform surface coverage of 
electrodeposited metal, creating a good foundation for the development of 
textural and tactile surface qualities. The sample was rinsed and dried. 

Secondary Processing 

Preparation 
Black insulating tape was adherently applied to the electrodeposited metal. 
A sharp craft knife was then used to cut away selected areas of the resist 
medium in an elaborate design to reveal the underlying/ foundation layer 
of electrodeposited metal. The reverse side of the sample was completely 
covered with the resist medium. Immediately prior to patination the 
sample was scrupulously cleaned to remove any extraneous dirt and 
grease, and promote the formation of an adherent and uniform surface 
patina. This involved several stages. Initial degreasing was carried out 
using a stout bristled toothbrush dipped in an organic solvent to eradicate 
oily surface residues. This was followed by an immersion soak and scrub 
in a hot, water soluble alkaline emulsion cleaner (a solution of soap and 
water) and a thorough rinse in cold running water. Finally, the surface was 
lightly scoured with an abrasive medium of pumice and a little water to 
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reduce surface tension and roughen the metal, thereby providing a good 

surface key for the patinating procedure, prior to rinsing, acid dipping in 

10% sulphuric acid and re-rinsing the sample in cold running water. 

The Patinating Solution 
Cuprous Chloride 60 gms (2 oz) 
Ammonia 60 gms (2 oz) 
Vinegar (Acetic acid) 284 ml (`/2 pint) 

Procedure 
The chemicals were added to the vinegar in the order outlined above and 
mixed thoroughly until they dissolved into solution. A paint brush was 
then used to apply the solution to exposed areas of the electrodeposited 
copper. Care was taken to avoid flooding the surface. This was essential to 
prevent the solution from seeping beneath the masking tape, undermining 
the adhesive bonding properties of the tape and jeopardising its success as 
an effective resist medium. The sample was then left to dry for 1-2 hours 
before applying more of the solution. The patina was allowed to develop 
for a further 3 hours. Once the process was complete and the patina was 
dry, the resist medium of black insulating tape was stripped from the 
surface. The sample was finally sealed with a lacquer to prevent any 
further development of the patina and inhibit surface tarnishing and 
oxidation. 

Result 
The resist produced an interesting range of surface qualities. The clearly 
defined and very uniform areas of electrodeposited copper contrasted very 
sharply with the vivid, turquoise coloured patina, which was set off against 
a rich, dark brown ground. This sample illustrates the potential for 
controlling and confining the application of coloured patinas to 
predetermined surface areas. 
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Sample No. 80 
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Sample No. 81 
Primary Processing 

Preparation 
A sample of 4 mm thick window glass was 
(i) selectively masked and sandblasted to produce a smooth, lightly 

abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Heraceus silver paint 'Electrodag T9058' was brush applied to the abraded 
surface of the glass. This was stoved at a temperature of 70°C (158°F) to 
promote the bonding properties of the metallizing medium and lower the 
surface resistance (so increasing conductivity). The sample was 
subsequently cleaned in an alkali based detergent solution, rinsed, acid 
dipped in 10% sulphuric acid and thoroughly rinsed in cold running water 
before being transferred to the electroplating solution. 

Electrodeposition 
Metallized surface area: 120 cm2 (18.6 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 1.3 amps 

Plating duration: 2 hours 

Result 
This produced a coherent, rapid and uniform surface coverage of 
electrodeposited metal, creating a good foundation for the development of 
textural and tactile surface qualities. The sample was rinsed and dried. 

Secondary Processing 

Preparation 
Several small swatches of randomly torn anaglypta wall paper were taken 
and adhered to selected areas of the electrodeposited copper using 'Super 
Glue 4'. Globules of warm wax were then flicked onto the surface to create 
a raised and embossed surface texture. These areas were treated with 
'Covolac', a protective coating which rendered them impervious to the 
electroplating solution. The samples were then cleaned in an alkali based 
detergent solution, rinsed and dried. Finally, they were metallized with an 
application of silver paint 'Electrodag T9058', before being introduced to 
the electroplating solution. 
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Electrodeposition 
Metallized surface area: 120 cm2 (18.6 sq"). 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 1.3 amps 

Plating duration: 3 hours 

Result 
On extraction the sample was rinsed and dried. The electrodeposition 
process enabled the elements to become absorbed, coalescing and merging 
with the base metal to form a coherent, effective and interesting surface 
texture. This comprised of swollen nodules, bead-like hemispheres and 
rippling striations of embossed copper. The deposit was semi-bright in 
appearance. On completion the sample was coated with a thin film of 
'Ecropen' lacquer to prevent surface tarnishing and oxidation. 
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Sample No. 81 

r 



Burdett, G. 1998 Accompanying Material 50 

Sample No. 82 

Primary Processing 

Preparation 
A sample of 4 mm thick window glass was 
(i) selectively masked and sandblasted to produce a rough, heavily 

abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Acheson Colloids silver paint 'Electrodag 915' was brush applied to the 
abraded surface of the glass. This was stoved at a temperature of 160°C 
(320°F) for a duration of 30 minutes to promote the bonding properties of 
the metallizing medium and lower the surface resistance (so increasing 
conductivity). The sample was subsequently cleaned using an alkali based 
detergent, rinsed, acid dipped in 10% sulphuric acid and thoroughly rinsed 
in cold running water before being transferred to the electroplating 
solution. 

Electrodeposition 
Metallized surface area: 120 cm2 (18.6 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 1.3 amps 

Plating duration: 4 hours 

Result 
This produced a coherent, rapid and uniform surface coverage of 
electrodeposited metal, creating a good foundation for the development of 
textural and tactile surface qualities. The sample was rinsed and dried. 

Secondary Processing 

Preparation 
Black insulating tape was adherently applied to the electrodeposited metal. 
A sharp craft knife was then employed to cut away selected areas of the 
resist medium in an elaborate design to reveal the underlying, foundation 
layer of electrodeposited copper. The sample was then cleaned using a 
little pumice and an alkali based detergent (to remove any remaining traces 
of glue and tape), rinsed, dipped in 10% sulphuric acid and re-rinsed 
before being introduced to the electroplating solution. 

Electrodeposition 
Metallized surface area: 30 cm2 (4.65 sq") 

Deposition rate: 1.5 A/dm2 (15 Asf) 
Actual amps: 0.5 amps 

Plating duration: 4 hours 
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Result 
On extraction from the electroplating solution the sample was rinsed and 
dried. The process gave rise to a uniform deposit bearing a richly 
embossed and highly decorative surface pattern, which exhibited 
aesthetically pleasing textural and tactile surface qualities. A film of silver 
leaf was subsequently adhered to the raised areas of the sample to emulate 
silver deposit and create a contrasting effect in colour and depth. To 
preserve the copper, and prevent surface tarnishing and oxidation the metal 
was coated with a thin film of 'Ecropen' lacquer. 
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Sample No. 82 
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Sample No. 83 
Preparation 
Two separate components were prepared. The first consisted of a thin 
sheet of wax, areas of which had been cut away and perforated to form an 
elaborately pierced fretwork/two dimensional surface design. The second 
comprised of a solid glass cane which had been pulled in the hot shop (and 
coated with copper powder). The components were temporarily positioned 
and securely joined together using an amalgamation of melted wax and 
fine gossamer like threads of copper wire as a binding and lashing 
medium. 

Metallization Technique - Conductive silver paint/electrodag 
Heraceus silver paint 'Electrodag T9058' was brush applied to the wax 
components and allowed to dry before the objects were introduced to the 
electroplating solution. It was envisaged that the copper wire would act as 
vehicle for transmitting the electrical current between independent and 
isolated areas of the object. 

Electrodeposition 
Metallized surface area: 130.5 cm2 (20.2 sq") 

Deposition rate: 1.0 A/dm2 (10 Ast) 
Actual amps: 1.4 amps 

Plating duration: 12 hours, 55 minutes. 

Result 
The wax components were encapsulated in a uniform and coherent surface 
film of electrodeposited copper. This created a strong, durable electroform. 
As a direct consequence of employing a very low current density, the 
copper was deposited in dull, matt condition. In principle the current was 
passed along the interconnecting copper wires, enabling the individual 
components to join, fuse and merge together to form a single rigid 
framework. 
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Sample No. 83 
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Sample No. 84 

Preparation 
A clay tablet was prepared bearing textured surface impressions. The 

patterns reflected coral and seashell formations. This was used as a model 
from which a duplicate plaster and investrite mould was taken. Once the 

moulds had set, the clay was removed to reveal a negative impression of 
the original model, any remaining clay was extrapolated from awkward 
crevices and undercuts using a water spray jet and craft tools. The mould 
was cleaned, rinsed and dried. 

Metallization Technique - Copper lacquer/paste 
The plaster and investrite mould was coated with two films of 'Covolac' 
lacquer to render the mould impervious and prevent it from disintegrating 

and contaminating the electroplating solution. Cannings copper bronzing 

powder and lacquer No. F67406 were then mixed in a ratio of 5 gms paste 
to 10 ml of lacquer to form a thick viscous paste. This formed the 

metallizing medium which was applied to selected areas of the plaster and 
investrite mould using a paint brush and left to cure for 24 hours. To avoid 
any potential problems of buoyancy during the electroplating process, the 

prepared mould was suspended from two heavy gauge (plastic coated) 
electrical wires which were weighted at the base with a thick sheet of 
window glass. This helped to maintain the mould in a rigid, secure and 
stable position. 

Electrodeposition 
Metallized surface 

Deposition rate: 
Actual amps: 

Plating duration: 

area: 162 cm2 (25.11 sq") 
1.0 A/dm2 (10 Asf) 0.5 A/dm2 (5 Asf) 
1.75 amps 0.87 amps 
7'/2 hours at 1.0 A/dm2 (10 Asf), followed by 
24 hours at 0.5 A/dm2 (5 Asf), followed by a 
further 10 '/2 hours at 1.0 A/dm2 (10 Asf). 

Result 
On extraction from the electroplating solution the surrogate plaster and 
investrite mandrel was dismantled and destroyed to reveal the final 
electroform - an exact facsimile of the original mould. Sufficient metal 
had been deposited to render the electroformed shell structurally sound 
and self supporting. However, despite the application of a very low current 
density, surface irregularities (which arose from varying depths in the 
surface texture) meant that their was an uneven distribution of current, and 
it was evident that copper had been preferentially drawn to the exterior and 
more prominent, projecting areas of the mould, producing a 
disproportionally thicker and more robust deposit. This was in contrast to 
the recessed areas which received a comparatively thin, weak and meagre 
deposit. The final electroform exhibited a high level of textural and tactile 
surface embellishment. This accurate and precise reproduction of intricate 
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surface detail would not have been possible using any other metal forming 
technique. 
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Sample No. 84 
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Sample Group No. 85 

Introduction 
This group consisted of 6 samples of window glass which were labelled as 
follows: 85(la), 85(lb), 85(lc), 85(2a), 85(3a), 85(4a). Each sample was 
independently predisposed to a different surface roughening/preparatory 
procedure before being rendered conductive using the same metallizing 
technique. The purpose of this exercise was to determine whether the 
surface condition of the glass significantly affected either the surface 
coverage or adhesion of the metal formed during subsequent 
electrodeposition. 

Preparation 
Two samples were "chemically roughened" in the following manner: 

Sample No. 85(la): was immersed in a 20% solution of hydrofluoric 
acid for 15 minutes at room temperature (a strong 
glass etching medium). 

Sample No. 85(lb): was immersed in a concentrated "MLB glass 
etchant additive" for 10 minutes at room 
temperature (a mild glass etching medium). 

N. B: In accordance with Shipleys recommendations, Sample Nos. (la) and 
(lb) were exposed to these etching procedures between the first and 
second stages of the metallizing procedure. 

Three of the remaining samples were "mechanically roughened" and 
labelled in the following manner: 

Sample No. 85(2a): was very lightly/smoothly sandblasted on both 
sides using a fine grit. 

Sample No. 85(3a): was very heavily/roughly sandblasted on both 
sides using a very coarse, abrasive grit. 

Sample No. 85(4a): was initially heavily/roughly sandblasted and 
then smoothly/lightly sandblasted on the one 
side; The glass was left in a polished (untreated) 
condition on the reverse. 

The final Sample No. 85(lc), received no surface preparation (other than 
cleansing) and remained as a highly polished/glazed sheet of window 
glass. 

Metallization Technique - Chemically reduced copper film 
A conductive copper film was chemically formed on each of the prepared 
samples using Shipleys electroless copper plating process "Electro-posit 
251". For reference purposes the various stages of this procedure are 
outlined in Section 1 of the Appendix to Chapter 6B. 
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Electrodeposition 
The lower section of each sample, which was subsequently immersed the 
electroplating solution, was calculated to have a metallized surface area of 
27 cm2 (4.2 sq") 

Deposition rate: 0.5 A/dm2 (5 Asf) 
Actual amps: 0.15 amps 

Plating duration: 52 minutes (1 hour) 

Observations 
Electrodeposition occurred far more spontaneously on the mechanically 
abraded samples than on the samples which had received either chemical 
etching or no surface preparation prior to metallization. This was indicated 
by the lower electrical resistance and very rapid surface coverage of metal. 

Results 
The level of adhesion and surface coverage of electrodeposited metal on 
the mechanically abraded/roughened glass panels (Sample Nos. 2a, 3a and 
4a) was significantly superior to that achieved on the chemically 
etched/unprepared glass panels (Sample Nos. la, lb and lc). 

Fundamentally, the chemically roughened surfaces appeared to 
provide an inadequate surface key/bonding site for facilitating successful 
electrodeposition. As a result, during processing the metallized film was 
either completely or partially etched and stripped away the surface of from 
Sample Nos. lb and lc, inhibiting successful electrodeposition. The 
remaining Sample No. la, which was treated with a stronger etching 
medium, reciprocated an extremely weak, non-adherent film of metal, 
which was incomplete and perforated with a spurious rash of blisters. 
These results contrasted sharply with those obtained from samples which 
had been mechanically abraded prior to metallization and subsequent 
electrodeposition. These all gave rise to a good, coherent and continuous 
surface coverage of electrodeposited metal, which was self-supporting and 
mildly adherent. (However, there was visual evidence of peeling and 
exfoliation down the right-hand side of Sample No. 2a where the deposit 
had been formed across a highly polished, perpendicular edge of the glass. 
This created an incipient weakness/breach in the adhesion and continuity 
of the electrodeposited film. ) 

From this experimentation, it has become evident that glass metallized 
using this procedure relies emphatically upon mechanical surface 
roughening and the fundamental principle of encapsulation. This is 
necessary to form a continuous and adherent film of electrodeposited 
metal which exhibits the strength and durability required to render it 
appropriate for practical exploitation. 
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Sample Nos. 85 

(1a) 

(1b) 
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Sample Nos. 85 

(2a) 

(3a) 

(4a) 



Burdett, G. 1998 Accompanying Material 62 

Sample Group No. 86 

Introduction 
This group consisted of 4 sheets of window glass which were labelled as 
follows: Sample Nos. 86a, 86b, 86c and 86d. Each of these was 
predisposed to a distinctly separate surface roughening/preparatory 
procedure before being rendered conductive using the metallizing 
procedure described below. The tests were conducted to 
(i) assess whether the process was an appropriate metallizing procedure 

for the A/C wishing to electrodeposit metals onto glass, 
(ii) determine whether the surface conditioning of the glass effectively 

inhibited or promoted the surface coverage or adhesion of the metal 
during subsequent electrodeposition. 

Preparation 
The samples were subjected to the following roughening operations to 

produce a range of tactile surface qualities: 
Sample No. 86a: was very lightly/smoothly sandblasted on both 

sides using a fine grit. 
Sample No. 86b: was very heavily/roughly sandblasted on both 

sides using a very abrasive grit. 
Sample No. 86c: remained untreated as a highly polished sheet of 

window glass. 
Sample No. 86d: selectively and partially sandblasted to display 

contrasting surfaces of irregularly textured 
(sandblasted) and highly polished areas of glass. 

All of the prepared samples were then purified in solvent and alkali 
cleansing solutions before being rinsed and dried in warm air. 

Metallization Technique - Chemically reduced copper film. 
An invisible, but highly conductive film of palladium sulphide was formed 
on each of the samples using Shipley's `Vertical Crimson Process'. For 
clarification refer to Section 2 of the Appendix to Chapter 6B where the 
various stages of the process are delineated in further detail. 

Whilst still "wet" from the final rinsing stage of the metallizing 
process, the samples were immediately transferred to Shipley's proprietary 
Acid Copper Sulphate electroplating solution EP12. This continuity is 

critical as any interjection or delay in this process impairs the surface 
conductivity of the metallized film, which inhibits and reduces the chances 
of successful electrodeposition. (The incomplete surface coverage of 
electrodeposited metal in Sample No. 86a, which was allowed to dry 
before transferral to the plating solution, can be directly attributed to this 
cause. ) 
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Electrodeposition 
Sample Nos. 86a, 86b and 86c were each calculated to have a metallized 
surface area of 100 cm2 (15.5 sq"), and Sample No. 86d of 140 cm2 (21.7 
sq, I) 

Deposition rate: 2.5 A/dm2 (25 Asf) (as recommended) 
Actual amps: 2.69 and 3.77 amps respectively 

Plating duration: 45 minutes each 

Results 
All of the samples tested underwent successful electrodeposition, receiving 
a very rapid and continuous surface coverage of metal. However, the 
strength of the bond between the glass and electrodeposited metal, and 
therefore the degree of adhesion obtained, varied dramatically. Those 
samples which had been subjected to surface roughening operations prior 
to metallization, namely Sample Nos. 86a, 86b and selected areas of 
Sample No. 86d, received moderately adherent films of copper during 
subsequent electrodeposition. In contrast, the polished glass surfaces 
received extremely weak, virtually non-adherent deposits of metal, which 
either underwent exfoliation, liberally lifting and peeling away from the 
substrate surface, as can be seen in Sample No. 86d (where the metal film 

was simply stripped from the surface of the glass on extraction from the 
electroplating solution), or were prone to spurious blistering, as was 
evident in Sample No. 86c. However, in hindsight, it may be possible to 
eliminate, or at least alleviate, these symptoms of poor adhesion by simply 
employing a much lower current density during subsequent 
electrodeposition. Paradoxically, the blistering of the metal generated an 
interesting decorate effect, which, if nurtured, could be of aesthetic value 
to the A/C. 
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Sample No. 86a 

Sample No. 86b 
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Sample No. 86c 

Sample No. 86d 
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Sample No. 87 

Primary Processing 

Preparation 
A sample of window glass was 
(i) heavily sandblasted on both sides to produce a roughly abraded 

surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergentbefore being rinsed and dried in warm air. 

Metallization Technique - Chemically reduced copper and nickel film. 
An imperceptible, but highly conductive film of palladium sulphide was 
formed on the glass using Shipley's Vertical Crimson Process (Refer to the 
procedures employed in metallizing Sample Group No. 86). Whilst still 
"wet" from the final rinsing stage of the procedure, the sample was 
immediately transferred to Shipley's Acid Copper Sulphate electroplating 
solution EP12. 

Electrodeposition 
Metallized surface area: 54 cm2 (8.4 sq") 

Deposition rate: 2.5 A/dm2 (25 Asf) 
Actual rate: 1.46 amps 

Plating duration: 20 minutes 

Result 
The sample received an excellent surface coverage of electrodeposited 
metal. Despite relying upon the principle of encapsulation, the adhesion of 
the copper film was moderately good. The metallization procedure 
reflected the underlying surface qualities of the glass substrate with great 
subtlety and sensitivity. 

Secondary Processing 

Preparation 
The main aim of this experiment was to ascertain whether it would be 
feasible to employ an "autocatalytic" chemical reduction procedure to 
electrolessly deposit a decorative film of nickel onto an existing film of 
electrodeposited copper. 

Procedure 
On extraction from the copper plating solution, the lower section of the 
sample was thoroughly rinsed and then: 
(i) immersed in Shipley's conditioning solution ̀ Activator 1572' to 

eliminate any surface tarnish/oxidation; 
(ii) thoroughly rinsed; 
(iii) immersed in Shipley's proprietary electroless nickel plating solution 

`Ni-Posit 251' (temperature 90°C (194°F)) for 20 minutes. 
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Result 
Highly successful. Approximately 5 microns (0.2 Thou) of nickel was 
uniformly deposited across the surface of the glass. To prevent surface 
contamination and preserve the appearance of the metal, the completed 
sample was coated with a thin film of `Ecropen' lacquer. 
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Sample No. 87 
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Sample No. 88 
Preparation 
The sample consisted of a sheet of window glass which was 
(i) selectively sandblasted to produce a heavily/roughly abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent, before being rinsed and dried in warm air. 

Metallization Technique - Conductive electrical tape (copper) 
Using physical pressure, Scotch electrical tape (manufactured by 3M 
Electrical Industries) was firmly adhered to the mechanically roughened 
surface of the glass initially in a smooth and thereafter in a contrastingly 
wrinkled/corrugated fashion. The surface was then cleaned to remove any 
surface oxidation using a brush dipped in a 10% solution of sulphuric acid 
and rinsed before the sample was transferred to the electroplating solution. 

Electrodeposition 
Metallized surface area: 16 cm2 (2.5 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.35 amps 

Plating duration: 52 minutes (1 hour) 

Result 
The application of a pure film of copper rendered the surface exceptionally 
conductive, enabling deposition to occur rapidly and spontaneously. The 
adhesion of the electrodeposited film was directly related to the cohesive 
bonding properties of the tape itself. This was moderate to good. 
Additional recommendations for promoting adhesion are referred to within 
the main text. 
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Sample No. 88 



Burdett, G. 1998 Accompanying Material 71 

Sample No. 89 

Preparation 
A semi-circular sheet of 2 mm thick window glass was partially masked. 
The exposed area was 
(i) sandblasted to produce a smooth, lightly abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Colloidal graphite 
Agar Scientific's 'Colloidal graphite G303' was applied neat (in an 
undiluted state) to the surface of the glass using a paint brush. The sample 
was then stoved at a temperature of 300°C (572°F) for a duration of 60 

minutes. On annealing the graphite was burnished with a swab of cotton 
wool to create a brightly polished surface sheen, dipped in 10% sulphuric 
acid for 15 seconds and rinsed under cold running water, before being 
transferred immediately to the electroplating solution. 

Electrodeposition 
Metallized surface area: 22 cm2 (3.41 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.5 amps 

Plating duration: 52 minutes (1 hour). 

Result 
The graphite exhibited a relatively good level of surface conductivity, 
enabling a fairly continuous and coherent surface coverage of 
electrodeposited metal to form. However, this occurred at a relatively 
slowly taking over 25 minutes to completely envelope and encapsulate the 
surface. During this time the metallizing medium was attacked, eroded and 
undermined by the corrosive nature of the electroplating solution causing 
areas of the graphite to exfoliate, flake and peel away from the surface and 
the remaining areas to develop a spurious, abundant rash of tiny bubbles 

and blisters. These formed in ripples and undulating swathes across the 
surface of the copper, generating patterns which reflected and echoed the 
texture, direction and flow of the brush marks which had emerged during 
the original application of the metallizing medium. Whilst this constituted 
an interesting aesthetic and decorative effect, it was unequivocal evidence 
of negligible, extremely poor surface adhesion. 
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Sample No. 89 



Burdett, G. 1998 Accompanying Material 73 

Sample Nos. 90 and 91 

Preparation 
Two samples of window glass were 
(i) selectively sandblasted to form a randomly eroded and undulating 

surface, as illustrated in Sample No. 90, or a geometrically patterned 
design, as illustrated in Sample No. 91. This revealed contrasting 
areas of roughened and highly polished surfaces of glass 

(ii) meticulously cleaned using a solvent degreaser and alkali based 
detergent before being rinsed and dried in warm air. 

Metallization Technique - Lustres/bright metal preparations 
Heraceus's bright metal preparations Liquid Gold K-A6 and Liquid 
Platinum GP3000 were selectively applied (using a paint brush) to Sample 
Nos. 90 and 91 respectively. These were kiln fired to a fusing temperature 
of 570°C (1058°F) and saturated for a duration of 5 minutes. After 
annealing, the samples were cleaned in a very weak detergent solution, 
acid dipped in 10% sulphuric acid, thoroughly rinsed in water and dried. A 

resist medium of black insulating tape was then selectively adhered to 
predetermined areas of the metallized surfaces prior to introducing the 
samples to the electroplating solution. 

Electrodeposition 
Each sample was calculated to have a metallized surface area of 32 cm2 (5 
sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.7 amps 

Plating duration: 52 minutes (1 hour) 

Observations 
Metal deposition occurred spontaneously. 

Results 
The samples received an excellent surface coverage of electrodeposited 
metal, indicating a high level of surface conductivity. 

The resist medium was only partially effective. During 
electrodeposition the metal insidiously crept beneath the masked areas of 
Sample No. 91 to yield a velutinuous satin copper film. This contrasted 
sharply with the significantly heavier, brighter and more lustrous deposit 
of copper which was reciprocated on areas of the glass directly exposed to 
the electroplating solution. In Sample No. 90 the resist proved to be more 
effective enabling metal deposition to be successfully restricted to pre- 
determined areas of the cathode surface. 

Whilst relying emphatically upon the principle of encapsulation, as a 
mechanical key the electrodeposited copper was adequately adherent in the 
abraded/roughened areas to be recommended for practical exploitation. 
However, whilst the deposits formed on the highly polished surfaces of the 
glass were continuous they proved to be poorly/weakly adherent. This 
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either caused the metal to lift away and become detached from the 
substrate surface, or as in Sample No. 91, manifested itself in the form of a 
tiny, but spurious rash of blisters. 

The surface detail and textural qualities present in the surface of the 
glass were clearly reflected in the electrodeposited film where they were 
portrayed with great with clarity and sensitivity. This technique therefore 
offers enormous creative potential for A/C wishing to pursue decorative 
effects. 
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Sample No. 90 
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Sample No. 91 
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Sample Nos. 92 and 93 
Preparation 
Plaster/investrite (50: 50) moulds were taken from model clay palettes. 
These were either carved/incised with a shallow intaglio design (Sample 
No. 92), or embossed with a textured relief pattern (Sample No. 93). 

Metallization Technique - Cast metal powder 
The recessed, depressed areas of the moulds were liberally impregnated 

with Scropas bronze filler and then completely covered in a finely 

crushed/sieved film of lead Schott glass No 1010 - size M3. The moulds 
were kiln fired to a fusing/casting temperature of 734°C (1353°F) where 
they were saturated for a period of 30 minutes. On annealing, the glass 
templates were extracted from the moulds and cleaned in both solvent and 
alkali detergent solutions, and thoroughly rinsed in warm water. 

Sample No. 92 was attached to 5 independent electrode wires which 
were strategically positioned across the surface of the glass. In contrast, 
Sample No. 93 was attached to a single electrode wire. This approach was 
adopted to determine whether jigging procedures played a significant role 
in inhibiting or promoting the spread (surface coverage) of 
electrodeposited copper across the metallized areas of the glass. The 

uppermost section of each sample was subsequently masked with black 
insulating tape. These were acid-dipped in a 10% sulphuric acid solution 
and rinsed, before being transferred to the electroplating solution. 

Electrodeposition 

Metallized surface area: 
Deposition rate: 

Actual amps: 
Plating duration: 

Sample No. 92 
21.5 cm2 (3.3 sq") 
2.0 A/dm2 (20 Ast) 
0.46 amps 
1 hour initially 
(extended to 24 hours) 

Sample No. 93 
42 cm2 (6.5 sq") 
2.0 A/dm2 (20 Ast) 
0.9 amps 
1 hour initially 
(extended to 5 hours) 

Observations 
In both cases the voltmeter registered a high resistance to electrodeposition 
indicating limited surface conductivity. 

Results 
The solitary electrode wire, and lack of a continuous and adequate level of 
surface conductivity, effectively inhibited the spread of electrodeposited 
metal across the surface of Sample No. 93. As a result, copper was 
preferentially drawn to a single isolated deposition site. This restriction 
caused the electrodeposited copper to aggregate and agglomerate as a 
bright nodular swelling, and show a distinct tendency towards "treeing". 

In contrast, the jigging strategy adopted in electrodepositing Sample 
No. 92 gave rise to a significantly more successful result. After the initial 
plating period (1 hour), metal had spread from each independent electrode 
point to accumulatively cover approximately one eighth (3-4 cm2 (0.5-0.6 
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sq")) of the metallized surface area. Thereafter, to promote new deposition 

sites, the sample was extracted from the solution and the electrode wires 
were repositioned before the piece was acid-dipped and returned to the 
electroplating solution. A total plating duration of 30 hours was required to 
enable a coherent and continuous film of electrodeposited copper to spread 
across the entire surface of the piece. Although successful, this rendered 
the process notoriously slow and labour intensive. On completion, the 
deposit exhibited a moderate to good level of adhesion. Characteristically, 
the electrodeposited copper was preferentially drawn to the peripheral 
(high CD) areas of the cathode where it gave rise to a bright, nodular 
deposit. This was in stark contrast to the centrally located areas of the 
cathode, which were deprived of metal and only received a relatively thin, 
dull film of copper. 
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Sample No. 92 
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Sample No. 93 

The Prepared Mould 

The plaster and investrite mould. Copper powder was sprinkled into the recessed areas of 
the surface texture. 
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Sample No. 94 
Preparation 
A highly polished glass microscope slide was meticulously cleaned using a 
solvent degreaser and alkali based detergent before being rinsed and dried 
in warm air. 

Metallization Technique - Vacuum deposition 
The glass slide was carefully mounted on a masked template located 
within the vacuum chamber. Using the apparatus and procedure outlined in 
section 7.3 of chapter 6B, a very thin, dense, opaque film of mirrored 
copper was vacuum-formed on to the slide. On completion, the metallized 
glass was left to mature for 3 hours, before it was selectively masked with 
black insulating tape, and transferred to the electroplating solution. 

Electrodeposition 
Metallized surface area: 14 cm2 (2.2 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.3 amps 

Plating duration: 52 minutes (1 hour) 

Observations 
Metal deposition proceeded with speed. This indicated the presence of a 
highly conductive surface. 

Result 
The sample displayed a good, coherent and continuous surface coverage of 
electrodeposited metal. However, adhesion was physically weak/virtually 
non-existent. This caused the electrodeposited copper to lift, exfoliate and 
peel away from the peripheral edges of the glass. The inadequate bonding 
between the metal and the glass may have been attributable to: 
(i) "Intrinsic stress" induced through the use of an excessively high 

current density. (with hindsight it is recommended that a lower CD is 
employed when using this metallization technique - ideally 0.5-1.0 
A/dm2 (5-10 Asf) for electrodepositing metal from an acid copper 
sulphate electroplating solution). 

(ii) The absence of suitable surface roughening procedures. This may 
have promoted the formation of a stronger glass-to-metal bond. 
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Sample No. 94 
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Sample No. 95 

Preparation 
A 50: 50 plaster and investrite mould was cast from a clay model/tablet. 
This was incised with a decorative motif. 

Metallization Technique - Cast metal powder 
The chased grooves and recessed furrows of the mould were impregnated 

with a silver electrodag medium overlaid with Scropas metal bronze 

powder. This was covered with a base layer of A2 glass (as referred to in 
Technique No. 1, Chapter 6B). The packed mould was transferred to the 
kiln and fired to a fusing temperature of 900°C (1652°F). On annealing, 
the glass template was extracted from the mould, cleaned and partially 
masked with black insulating tape. A silver paint was applied to the 
peripheral edges of the sample to provide a continuous conductive 
pathway between the otherwise isolated surface areas of the glass. The 

sample was then acid-dipped before being introduced to the electroplating 
solution. 

Electrodeposition 
Metallized surface area: 7.8 cm2 (1.2 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual rate: 0.17 amps 

Plating duration: 52 minutes (1 hour) +9 hours 

Result 
Despite this amalgamation of metallizing media, the impending 

growth/surface coverage of electrodeposited metal, though slightly 
superior to that exhibited in Sample No. 92, was very reserved and 
sluggish (Electrodeposited metal was confined to a very small area of 1-2 

cm2 (0.15-0.3 sq")after the initial hour of plating). Copper was primarily 
deposited on the embossed areas of the sample, although the growth of 
metal rather sporadically permeated into some of the underlying areas of 
the base glass. The final deposit was moderately adherent, and of a semi- 
bright and slightly rippled appearance. 
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Sample No. 95 
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Sample No. 98 
Metallization Technique - Copper shim 
A small sheet of 0.003 gauge copper shim was scoured with wire wool, 
pumice powder and 10% sulphuric acid, rinsed and dried. This was flame 

worked and annealed using an oxyacetylene blow torch, and quenched in 

cold water to generate a range of opaque surface patinas in the orange/red 
to brown/black area of the colour spectrum. This created a vivid, densely 
coloured and richly variegated surface patina. The sample was 
subsequently masked with black insulating tape and a sharp craft knife was 
used to expose selected areas of the underlying surface in a predetermined 
pattern/design. These areas were lightly sandblasted to remove the surface 
patina, scrubbed with a paste of wet pumice powder, swabbed with 
sulphuric acid and thoroughly rinsed before the sample was introduced to 
the electroplating solution. 

Electrodeposition 
Metallized surface area: 38 cm2 (5.9 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.8 amps 

Plating duration: 3 hours 

Result 
On extraction from the electroplating solution the sample was rinsed and 
dried, and the masking tape removed. This technique produced an 
interesting range of surface qualities with the bright, highly reflective and 
uniform layer of electrodeposited copper, contrasting very dramatically 
with the dense, richly coloured background patina. This experiment, in 
particular, highlights the potential for employing electroplating procedures 
in conjunction with patinating techniques. 
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Sample No. 98 
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Sample Nos. 100a and 100b 

Preparation 
Two dimensional, shallow relief images of a moon (Sample No. 100a) and 
sun (Sample No. 100b) were modelled in clay. A cold rubber mould 
making medium, Ambersils'Silcoset 105' was then mixed and poured over 
the clay forms and left to cure. This produced two duplicate rubber 
mandrels each bearing a negative impression of the original clay model. 
On setting a 50150 mix of plaster and investrite was prepared and poured 
over the mandrels to create a rigid backing/support structure for the 
otherwise floppy rubber moulds. The original clay models were then 
removed and the rubber moulds cleaned. The plaster and investrite 
backings were temporarily separated from the rubber moulds and sealed 
with 'Covolac' lacquer and a film of wax to protect them and render them 
impervious to the electroplating solution. On drying the rubber moulds 
were reassembled with the backings to form the completed mandrels 
which were now ready for use. 

Metallization Technique - Conductive silver paint/electrodag 
Heraceus silver paint 'Electrodag T9058' was applied to the relief texture 
on the interior surfaces of the rubber mandrels and allowed to dry. 
Application was restricted to areas of the mould which were to undergo 
subsequent electrodeposition. The mandrels were then suspended from 
strong, heavy gauge support wires to prevent problems of buoyancy and 
floatation, and transferred to the electroplating solution. 

Electrodeposition 

Metallized surface area: 
Deposition rate: 

Actual amps: 
Plating duration: 

Followed by 2 hours 

at 1.0 A/dm2 (10 Asf) 

Sample No. 100a 
35 cm2 (5.4 sq") 
1.2 A/dm2 (12 Asf) 
0.5 amps 
17 hours 
Followed by 3 hours 

at 1.5 A/dm2 (15 Asf) 

Sample No. 100b 
46 cm2 (7 sq") 
1.0 A/dm2 (10 Asf) 
0.5 amps 
12 hours 

Results 
The mandrels were extracted from the electroplating solution. Sample No. 
100a proved to be successful. However, although the deposit was 
relatively uniform it was very thin, weak and fragile. The electroform was 
therefore divorced from the mandrel, cleaned and replated for an extended 
period (as indicated above) in order to promote the formation of a thicker 
and more resilient deposit of metal, which would reinforce the strength 
and structural rigidity of the final electroform. This produced a highly 
reflective surface finish. 

Electroformed Sample No. 100b was also very weak and showed 
signs of stress fractures and cracking. This was due to the design of the 
mandrel, which possessed too great a contrast in depth (in terms of 
distance and ratio) between the recessed and the more prominent/raised 
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surface features. This resulted in a very uneven distribution of current, as 
such copper was preferentially drawn to the high current density areas and 
deprived from the low current density areas which were starved of metal 
and were therefore incipiently weak. This problem was alleviated by 
divorcing and detaching the electroform from the mould and replating it on 
both sides (see above), to create a stronger, more durable structure. 

In hindsight, a more successful set of results could be achieved by (i) 
modifying the mould to produce a shallower relief impression, and (ii) 
plating over a longer period of time at a significantly lower current 
density. These criteria would help to reduce stress and promote a much 
thicker, stronger and more uniform deposit. 
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Sample Nos. (left) 100a and (right) 100b 
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Sample Group No. 105 

Introduction 
Sample Group No. 105 collectively consisted of 18 samples. The 
following description represents a brief summary of the metallizing 
procedure adopted. This is designed to supplement the more 
comprehensive description which is presented within the main text. 

Metallization Technique - Fused metal powders 
Lead and soda glass, in the form of fine bead-like ballotini, were 
homogeneously integrated with varying ratios of three different metal 
powders; namely Scropas bronze metal filler, copper powder and printers' 
bronzing powder, using a dilute solution of gum arabic and water as the 
cohesive binding medium. A cardboard template was employed to form 
and compress each of the mixtures into individual test panels. These were 
labelled as follows: 

Group A: soda glass ballotini + Scropas bronze metal filler 
Group B: lead glass ballotini + Scropas bronze metal filler 
Group C: lead glass ballotini + copper powder 
Group D: soda glass ballotini + copper powder 
Group E: soda glass ballotini + printers' bronzing powder 
Group F: lead glass ballotini + printers' bronzing powder 

Within each of the 6 groups outlined above, 3 samples were prepared. In 
each case these comprised by weight of 

(1) 50% glass and 50% metal (1: 1) 
(2) 75% glass and 25% metal (3: 1) 
(3) 25% glass and 75% metal (1: 3) 

These were kiln-fired on plaster/investrite vats to a fusing temperature of 
850°C to 900°C (1562-1652°F) (lead and soda glass samples respectively) 
to form flat test panels of varying sizes (depending upon the degree of 
shrinkage during firing). On annealing, they were extracted from the kiln, 
and the lower section of each sample was resisted using black insulating 
tape. The samples were finally cleaned, acid-dipped and rinsed, before 
being introduced to the electroplating solution. 

Elect rod eposition 
Each sample was calcul 
26 and 39 cm2 (4-6 sq"; 

Deposition rate: 
Actual amps: 

Plating duration: 

ated to have a metallized surface area of between 

2.0 A/dm2 (20 Asf) 
between 0.56-0.83 amps 
52 minutes (1 hour initially) - (+ 2 hours) 

Observations 
In each case the greatest resistance to electrodeposition was registered by 
those samples with low ratios of metal. 
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Results 
The character/nature of the glass employed did not effect the level of 
conductivity present within the samples, as the electrical resistance 
registered by the lead and soda based glasses when used in conjunction 
with each respective metal powder was virtually identical. 

All of the samples with either a 1: 1 or 3: 1 ratio of metal-to-glass 
underwent successful electrodeposition. However, there was only a partial 
surface coverage of metal, and the electrodeposited copper failed to 
encapsulate any of the samples with an all encompassing, or continuous 
metal film. It was evident that a superior level of conductivity was present 
in those samples which employed Scropas bronze metal filler. These gave 
rise to consistently good results (Groups A and B). By comparison, the 
copper powder yielded moderate/fair results (Groups C and D). Although 
deposition did occur in the samples where printers' bronze powder was 
employed (Groups E and F), because of the poor/limited surface coverage 
of metal and inherent weakness/structural fragility of the samples, this was 
considered to be the least successful of the three metallizing agents tested. 

In all of the samples, the electrodeposited copper formed a branch-like 

ramification of tendrils across the surface of the glass. This had a soft, 
flocculent and satin-like appearance in Sample Groups A to D, but in 

contrast, took on a much finer, delicate and more filigreed appearance in 
Sample Groups E and F. These samples transcended beyond the original 
objective to yield a range of aesthetic/decorative qualities, which offer the 
A/C enormous potential for creative exploitation. 
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A(1) 

Glass to 
Metal 
(1: 1) 

A(2) 

Glass to 
Metal 
(3: 1) 

Sample Nos. 105 - Group A 
Soda Glass Ballotini and Scropas Bronze Metal Filler 
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B(1) 

Glass to 
Metal 
(1: 1) 

B(2) 

Glass to 
Metal 
(3: 1) 

B(3) 

Glass to 
Metal 
(1: 3) 

Sample Nos. 105 - Group B 
Lead Glass Ballotini and Scropas Bronze Metal Filler 
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Sample Nos. 105 - Group C 
Lead Glass Ballotini and Copper Powder 

I 

----------- 

C(1) 

Glass to 
Metal 
(1: 1) 

C(2) 

Glass to 
Metal 
(3: 1) 

C(3) 

Glass to 
Metal 
(1: 3) 
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Sample Nos. 105 - Group D 
Soda Glass Ballotini and Copper Powder 

D(l) 
Glass to 
Metal 
(1: 1) 

D(2) 

Glass to 
Metal 
(3: 1) 

D(3) 

Glass to 
Metal 
(1: 3) 
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Sample Nos. 105 - Group E 
Soda Glass Ballotini and Printers Bronze Powder 
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E(2) 

Glass to 
Metal 
(3: 1) 

E(3) 

Glass to 
Metal 
(1: 3) 
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Sample Nos. 105 - Group F 
Lead Glass Ballotini and Printers Bronze Powder 
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F(1) 

Glass to 
Metal 
(1: 1) 

F(2) 

Glass to 
Metal 
(3: 1) 
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F(3) 

Glass to 
Metal 
(1: 3) 
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Sample No. 106 

Metallization Technique - Laminated copper shim 
Several sheets of (4 mm thick) window glass were taken and cut to a 
conforming size. These were interspersed with sheets of perforated copper 
shim and consecutively stacked on top of one another to form a solid 
block. This was kiln fired to a fusing temperature of 780°C (1436°F). On 
annealing the laminated block was sliced, to produce panels - cross- 
section(s) of glass which were impregnated with a fine capillary like 
veining of copper foil. One side of the panel was ground (hand lapping 
techniques were used to take the glass down through 80,220,320,400 and 
600 grade grits) and polished using a slurry of pumice and a cork wheel to 
produce a highly reflective surface, whilst the other side was left in a 
roughly abraded condition. A narrow band of silver paint 'Electrodag 1415' 
was applied to interconnect the independent areas of metal and create a 
continuous, integrated circuit. The sample was then acid dipped in 10% 
sulphuric acid and rinsed before being transferred to the electroplating 
solution. 

Electrodeposition 
Metallized surface area: 10 cm2 (1.55 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.2 amps 

Plating duration: 2 hours 

Result 
Deposition progressed slowly, facilitating a steady, but rather limited 
surface coverage of metal. This produced a horizontally aligned pathway 
of swollen, beaded dots and dashes across the surface of the glass which 
resembled morse code. A noticeably more robust and prominent film of 
electrodeposited copper was formed on the abraded, roughened surface of 
the glass than on the highly polished side. This was because (i) a 
significantly broader and more prominent seam of metal was exposed on 
the roughened side of the glass, and (ii) the resulting surface texture 
provided a more effective key/bonding site for the electrodeposited metal. 
The technique gave rise to a very decorative, embossed surface texture. 
Adhesion was moderate, however, signs of peeling and exfoliation 
occurred when the original silver banding which transmitted current and 
interconnected the strands of metal was detached from the surface of the 
glass. On reflection it may have been possible to avoid this problem by 
depositing a substantially thicker and stronger film of electrodeposited 
metal. 
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Sample No. 106 

Before electrodeposition 

After electrodeposition 
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Sample Nos. 107 and 108 

Preparation 
Two samples of 4 mm thick window glass were 
(i) selectively masked and sandblasted to produce a smooth, lightly 

abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Metal leaf (cold application) 
Gold size was applied to the abraded surface of each sample and left to 
partially dry, creating a gelatinous emulsion and forming a sticky, tacky 
surface film. A pair of tweezers were then used to carefully manoeuvre 
and apply the delicate sheets of gold and silver leaf (Sample Nos. 107 and 
108 respectively), which were adhered using a soft paint brush. To 
demonstrate the potential this metallizing procedure offers for generating 
textural surface qualities, this was applied in a randomly scrunched and 
wrinkled fashion, and also in a very formal, smoothly burnished manner. 
Particular care was taken to avoid tearing or damaging the delicate foil 
membranes, which would inadvertently allow the lacquer to seep through 
the metal leaf inhibiting the formation of a continuous, and highly 
conductive surface film. The samples were then left to dry and cure 
overnight, before being dipped in sulphuric acid and transferred to the 
electroplating solution. 

Electrodeposition 
Sample No. 107 Sample No. 108 

Metallized surface area: 20 cm2 (3.1 sq") 20 cm' (3.1 sq") 
Deposition rate: 2.0 A/dm2 (20 Asf) 2.0 A/dm2 (20 Asf) 

Actual amps: 0.43 amps 0.43 amps 
Plating duration: 52 minutes (1 hour) 52 minutes (1 hour) 

Results 
There was a very rapid, spontaneous surface coverage of electrodeposited 
metal indicating a very high level of conductivity. The surface texture was 
accurately reflected and replicated by the electrodeposited copper 
producing a range of exciting textural and tactile surface qualities which 
demonstrated decorative and aesthetic potential. This attribute provided 
more than adequate compensation for the fiddly nature of the process. The 
level of surface adhesion was moderate to good, however, it must be 
emphasised that this would only ever match the degree of bonding already 
established at the glass to metal interface. Fundamentally, the adhesion 
was directly related to the specific bonding properties of the medium 
originally used in apply the metal leaf. 
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Sample No. 107 

Sample No. 108 
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Sample No. 109 

Metallization Technique - Laminated metal powder 
Sheets of window glass of a conforming size (but varying thickness) were 
liberally sprinkled with Scropas copper powder before being consecutively 
stacked on top of one another to form a block. This was kiln-fired to a 
fusing temperature of 762°C (1404°F). On annealing, the laminated block 
was sliced vertically to form thin cross-section(s) of glass impregnated 
with fine linear veins of bronze powder. A representative sample of this 
glass was selected and cleaned before a circle of insulating wax was 
applied to the centre of the sample to act as a resist medium. Finally, to 
establish a continuous conductive circuit which would link up the 
otherwise independent and isolated metal veins, a film of silver conductive 
paint was applied around the peripheral edges of the sample prior to 
initiating electrodeposition. 

Electrodeposition 
Metallized surface area: 12.4 cm2 (1.9 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.26 amps 

Plating duration: 52 minutes (1 hour) 

Result 
Copper was successfully deposited on the tenuous veins of metal powder. 
However, the overall surface coverage of metal was poor, with 
electrodeposited copper being preferentially drawn to the exterior edges of 
the sample (the high CD areas), rather than spreading uniformly across the 
metallized surface areas (even after a 3-hour plating period). The final 
deposit was poorly adherent, possibly because of the absence of any 
surface key/mechanical bonding site, and the copper could easily be 
divorced and separated from the substrate surface. 
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Sample No. 109 
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Sample Nos. 110a and 110b 

Primary Processing 

Preparation 
A selection of miscellaneous materials and found objects, including a 
small section of aluminium chicken wire, a sheet of corrugated cardboard, 
a piece of open weave medical gauze and a copper plated steel scouring 
pad were taken and independently coated with two films of 'Covolac' 
lacquer. On drying this process was repeated to produce an insulating film 
which would prevent contamination of the electroplating solution and 
inhibit the formation of a weak, non-adherent immersion deposit during 
subsequent electrodeposition. 

Metallization Technique - Conductive silver paint/electrodag 
Heraceus silver paint 'Electrodag T9058' was brush applied to the substrate 
surfaces, to produce a conductive surface film. This was allowed to dry 
before transferring the objects to the electroplating solution. 

Electrodeposition 
Each individual substrate underwent electrodeposition at a current density 
of between 1.0 A/dm2 (10 Asf) and 2.0 A/dm2 (20 Asf), for a duration of 4 
to 12 hours to build up a strong, durable and resilient film of copper. 

Results 
The samples received a continuous, coherent and fairly thick surface 
coverage of electrodeposited copper, which was of a semi-bright/lustrous 
appearance. This was not especially uniform since the complex, three 
dimensional nature of the substrate surfaces meant that the copper was 
preferentially drawn to the high CD areas (the more prominent and 
exposed areas of the objects). 

Secondary Processing 

Preparation 
A sand casting box was prepared. Textured wooden blocks were pressed 
into the surface of the finely sifted, damp sand to create suitable hollow 
depressions and cavities which functioned as receptacles for the sand 
casting process. The electroplated objects (described above) were firmly 
pressed into the recesses, so that they were located in a stable and secure 
position buried half way beneath the surface of the sand. 

Procedure 
Hot furnace glass was then gathered and poured into the cavities, to 
completely encapsulate the exposed portions of the electrodeposited 
components. After initial cooling the glass (having solidified) was 
extracted from the sand, transferred to the lehr and annealed overnight. 
The samples were subsequently cut, ground (hand lapping techniques were 
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used to take the glass down through 80,220,320,400 and 600 grade grits) 
and polished using a slurry of pumice and a cork wheel. 

Results 
In instances where a metal substrate had been used (for example a copper 
plated steel scouring pad), the sand casting operation proved to be highly 
successful (Sample No. 110a). However, where non-metallic base objects 
had been used (for example where plastic components had received a 
deposit of copper) they either disintegrated and melted under the heat to 
leave a black carbon like residue - an imprint of the original substrate 
material, or produced gases which became occluded and encapsulated 
within the glass (Sample No. 110b). This occurred despite the 
electrodeposition of a fairly substantial, thickness of copper. Naturally, 
any metal elements which remain exposed on the surface of the glass 
offered the potential for subsequent electrodeposition. 
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Sample No. 110a 

Sample No. 110b 
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Sample Nos. 111 and 112 

Metallization Technique - Metal salts - copper sulphate 
A kiln vat was taken and coated in a mould mix comprising of 50: 50 

plaster and investrite. This was set aside. Lead glass in the form of fine 
ballotini was then bound together with a few drops of water to form a 
paste. A cardboard template was placed over the damp kiln vat and the 
glass paste was compressed into the hollow cavity/depression to form two 
separate test panels. Copper sulphate crystals collected from the sides of 
the electroplating tank (as a result of solution evaporation) were scattered 
over the test panels and small pipette was used to measure 50 drops of the 
solution onto Sample No. 111, and 100 drops onto Sample No. 112. 
Pressure was again applied to compress and compact the glass into solid 
sheets. These were subsequently kiln fired to a casting temperature of 
980°C (1796°F) to form two flat test panels. 

On annealing the samples were extracted from the kiln. The copper 
sulphate crystals had merged and fused into the surface of the glass to 
create pools of a charcoal grey residue, bespotted with glassy black pores. 
The background areas of the samples were infused with the electroplating 
solution, giving rise to a pale blue discoloration in Sample No. 111, and a 
darker turquoise blue surface discoloration in Sample No. 112. The lower 
section of each sample was resisted out using black insulating tape. The 
samples were finally cleaned using a solvent degreaser and alkali based 
detergent, then acid dipped and rinsed before being transferred to the 
electroplating solution. 

Electrodeposition 
Sample No. 111 Sample No. 112 

Metallized surface area: 7.2 cm2 (1.12 sq") 9.3 cm2 (1.4 sq") 
Deposition rate: 2.0 A/dm2 (20 Asf) 2.0 A/dm2 (20 Asf) 

Actual amps: 0.15 amps 0.2 amps 
Plating duration: 52 minutes (1 hour) 52 minutes (1 hour) 

Results 
The metallized areas of the samples received a good, steady surface 
coverage of electrodeposited metal. It was evident that Sample No. 112 
was more highly conductive, this was indicated by the very rapid spread 
and surface coverage of electrodeposited metal (In Sample No. 112, a 
complete surface coverage of metal was achieved in 50 minutes, in 
comparison to Sample No. 111 which took over an hour to receive an 
equivalent deposit of copper). There was a moderate level of surface 
adhesion. The black speckles and pores which were evident in the 
metallized surfaces of the samples proved to be non-conductive, these 
acted as a resist inhibiting the electrodeposition process and giving rise to 
a randomly perforated copper film. This effect offered enormous potential 
for aesthetic and decorative exploitation. In both instances the deposit had 
a satin, semi-bright appearance. To prevent surface tarnish and oxidation 
the samples were coated with a thin film of 'Ecropen' lacquer. 
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Sample No. 111 

Sample No. 112 
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Sample Nos. 113 and 114 

Metallization Technique - Fused metal leaf 
Glass blowing techniques were used to form a hot parison of glass. Two 
delicate sheets of gold leaf (Sample No. 113) were then carefully laid out 
on a marver. These were picked up and smoothly applied to the glass by 

gently rolling the hot blowing iron across the foil, coherently fusing and 
integrating the metal leaf into the soft malleable surface. The glass was 
then cracked off and transferred to an annealing lehr. On cooling, the 
metallized glass parison was dissected into 2 spherical/curved lenses. 

One section was taken. This was masked with a protective resist of 
black insulating tape, and a design was cut away to selectively expose the 
underlying gold leaf. The sample was then cleaned, rinsed and acid-dipped 
(in 10% sulphuric acid) before being transferred to the electroplating 
solution. 

This procedure was subsequently repeated using silver leaf to produce 
Sample No. 114. 

Electrodeposition 
Sample No. 113 

Metallized surface area: 20 cm2 (3.1 sq") 
Deposition rate: 2.0 A/dm2 (20 Asf) 

Actual amps: 
Plating duration: 

Observations 

0.43 amps 
52 minutes (1 hour) 

Sample No. 114 
22.05 cm2 (3.4 sq") 
2.0 A/dm2 (20 Asf) 
0.47 amps 
52 minutes (1 hour) 

A very rapid surface coverage of metal was produced. This enabled an 
increasingly thick deposit of metal to be formed. 

Results 
In both samples a coherent and clean film of copper was deposited. Whilst 
any original fissures or severances (incipient weaknesses) in the surface of 
the silver leaf were sensitively reflected in the deposited film, the 
progressive spread of electrodeposited copper did not appear to be 
impeded or restricted by their presence. Film adhesion was very weak, and 
there was an emphatic reliance upon the principle of encapsulation to bond 
the metal to the glass. The electrodeposited copper film was 
characteristically of a smooth, uniform and bright appearance, this was 
sharply defined around the perimeter/boundaries of the resist medium. 
However in Sample No. 113, the electroplating solution crept beneath the 
resist media giving rise to an encompassing halo of dull, velvety, soft 
copper around the peripheral edges of the deposit. 
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Sample No. 113 
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Sample No. 114 
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Sample No. 115 
Preparation 
A slumped strip of 4 mm thick window glass was masked with black 
insulating tape. This resist template was cut away to reveal a 
predetermined pattern/design which was heavily sandblasted to create a 
deeply incised surface pattern. To produce a smoother and cleaner surface 
this was finished with a fine sandblasting grit. The masking tape was 
subsequently removed and the sample was meticulously cleaned using a 
solvent degreaser and alkali based detergent before being thoroughly 
rinsed under cold running water and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Heraceus silver paint 'Electrodag T9058' was brush applied to the abraded 
surface of the glass. This was stoved at a temperature of 70°C (158°F) to 
promote the bonding properties of the metallizing medium and lower the 
surface resistance (so increasing electrical conductivity). The sample was 
subsequently cleaned using an alkali based detergent, rinsed, acid dipped 
in 10% sulphuric acid and thoroughly re-rinsed in cold running water 
before being transferred to the electroplating solution. 

Electrodeposition 
Metallized surface area: 36 cm2 (5.58 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.8 amps 

Plating duration: 2 hours, 28 minutes 

Result 
On extraction from the electroplating solution the sample was rinsed and 
dried. The glass had received a very rapid and uniform surface coverage of 
electrodeposited copper, which echoed and replicated the underlying 
surface pattern and texture (produced by the contrasting areas of polished 
and sandblasted glass) with great subtlety and sensitivity. The metal was 
of a satinized, semi-bright appearance. There was a moderate to good level 
of adhesion, which had been promoted by partially roughening and 
abrading the surface of the glass and by actively employing the principle 
of encapsulation. To preserve the copper and prevent surface 
tarnishing/oxidation the metal was sealed with a thin film of 'Ecropen' 
lacquer. 
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Sample No. 115 
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Sample No. 116 

Primary Processing 

Preparation 
A sample of 4 mm thick window glass was 
(i) selectively masked and sandblasted to produce a rough, heavily 

abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Acheson Colloids silver paint 'Electrodag 915' was brush applied to the 
abraded surface of the glass. This was stoved at a temperature of 160°C 
(320°F), for a duration of 30 minutes to promote the bonding properties of 
the metallizing medium and lower the surface resistance (so increasing 
conductivity). The sample was subsequently cleaned using an alkali based 
detergent, rinsed, acid dipped in 10% sulphuric acid and thoroughly re- 
rinsed in cold running water before being transferred to the electroplating 
solution. 

Electrodeposition 
Metallized surface area: 90 cm2 (13.95 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 1.9 amps 

Plating duration: 3 hours, 15 minutes 

Result 
This produced a coherent, rapid and uniform surface coverage of 
electrodeposited metal, creating a good foundation for the development of 
textural and tactile surface qualities. The sample was rinsed and dried. 

Secondary Processing 

Preparation 
Clay templates were prepared bearing delicate impressions of textural and 
tactile surface qualities. Melted wax was then poured over the clay. Once 
set, the clay was extrapolated using a water spray jet and craft tools, to 
leave a thin, soft, malleable sheet of wax bearing a negative impression of 
the original surface texture. The prepared wax sheet was then cut into 
small sections which were moulded and distorted into a series of 
undulating concave and convex forms. These were positioned textured 
side up onto the electrodeposited surface of the glass and attached using 
small additions of hot wax. 

Acheson Colloids silver paint 'Electrodag 915' was selectively applied 
to the raised, embossed areas of the surface texture. Particular care was 
taken to ensure that the metallizing medium extended beyond the wax and 
linked up with the underlying metal surface, in order to create a continuous 
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conductive pathway. This would allow the electroformed metal to grow 
and merge into the existing/foundation layer of electrodeposited copper. 
The sample was then transferred to the electroplating solution. 

Electrodeposition 
Metallized surface area: 96 cm' (15 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 1.0 amps 

Plating duration: 12 hours 

Result 
The wax received a good surface coverage of electrodeposited metal. 
However, it was evident that metal was preferentially drawn to the high 

current density areas, resulting in evidence of nodularity and beading 

around the peripheral edges of the deposit. 

Tertiary Processing 

Preparation 
An further textured wax mandrel was adhered to the surface. This was 
attached using discreet additions of hot wax. By effectively shadowing and 
masking out selected areas of the underlying metal this reduced the surface 
area available for subsequent electrodeposition. The wax was metallized 
by repeating the procedure outlined above. 

Electrodeposition 
Metallized surface area: 75 cm2 (11.6 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 0.8 amps 

Plating duration: 12 hours 

Result 
The electroforming process was a success. The wax received a uniform 
and coherent surface coverage of electrodeposited copper, this was of a 
substantial thickness and semi-bright appearance. On completion the 
expendable wax mandrel was steamed out to leave the electroformed 
facsimile. This operation was carried out slowly, in particular, care was 
taken to support the sample a good distance away from the heat in order to 
avoid cracking the glass. Any remaining residues of wax were removed 
and eradicated from the surface of the metal using a solvent degreaser. 

This revealed a reticulated 3D hollow cage/framework of 
electroformed metal which projected outwards from the surface of the 
sample to create an intricate labyrinth of surface patterns and textures 
which were of an intriguing and exciting nature. In principle this technique 
demonstrates enormous potential for future research and exploration. It 
must be acknowledged that this aesthetic effect was a generic and unique 
product of the electroplating process, and would not have been feasible 
using any other metal forming technique. 



Burdett, G. 1998 Accompanying Material 116 

Sample No. 116 
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Sample No. 117 

Primary Processing 

Preparation 
A sheet of 4 mm thick window glass was 
(i) selectively masked and sandblasted to produce a smooth, lightly 

abraded surface, 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Heraceus silver paint 'Electrodag T9058' was brush applied to the abraded 
surface of the glass. This was stoved at a temperature of 70°C (158°F) to 
promote the bonding properties of the metallizing medium and lower the 
surface resistance (so increasing conductivity). The sample was 
subsequently recleaned in an alkali based solution, rinsed, acid dipped in 
10% sulphuric acid and thoroughly re-rinsed in cold running water before 
being transferred to the electroplating solution. 

Electrodeposition 
Metallized surface area: 133.2 cm2 (20.6 sq") 

Deposition rate: 2.0 A/dm2 (20 Ast) 
Actual amps: 2.8 amps 

Plating duration: 2 hours 

Result 
This produced a coherent, rapid and uniform surface coverage of 
electrodeposited metal, creating a good foundation for the development of 
textural and tactile surface qualities. The sample was rinsed and dried. 

Secondary Processing 

Preparation 
A random selection of materials including a concertina of silver foil, 
corrugated cardboard, open weave fabric, wax, and foliage were taken and 
adhered to chosen areas of the electrodeposited surface using 'Super Glue 
4' to create a montage of embossed surface textures. These were treated 
with 'Covolac' to seal them and render them impervious to the 
electroplating solution. The samples were subsequently cleaned using an 
alkali based detergent, rinsed and dried. 

The prepared surfaces were then metallized using an application of 
'Electrodag T9058, before the sample was returned to the electroplating 
solution. The applied textures increased the total surface area available for 
subsequent electrodeposition. 
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Electrodeposition 
Metallized surface area: 135 cm2 (20.9 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 2.9 amps 

Plating duration: 3 hours 

Observations 
There was a very high resistance to the electrodeposition process, due 
initially to the application of an excessively high current density. 
Difficulty was also experienced in depositing metal into the intricate 
recesses and inaccessible undercuts in the surface texture. These areas 
were touched up with a further application of the metallizing medium in 
order to achieve a successful result. 

Result 
On extraction from the electroplating solution the sample was rinsed and 
dried. The electrodeposited copper had completely encapsulated the 
materials, absorbing and incorporating them into the base metal. This 
process enabled the components to merge, fuse and coalesce to form an 
interesting amalgamation/blend of surface textures. Although effective, the 
resulting textural quality was disjointed and rather fragmented. This could 
have been overcome, to generate a more coherent and aesthetically 
pleasing effect if a thicker film of metal had been deposited. The copper 
was of a semi-bright appearance. On completion the metal was treated 
with a thin film of 'Ecropen' lacquer to prevent surface tarnish and 
oxidation. 
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Sample No. 117 
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Sample No. 118 

Primary Processing 

Preparation 
A sample of 4 mm thick window glass was taken and the lower section 
was 
(i) selectively masked and sandblasted to produce a rough, heavily 

abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Acheson Colloids silver paint 'Electrodag 915' was brush applied to the 
abraded surface of the glass. This was stoved at a temperature of 160°C 
(320°F) for a duration of 30 minutes to promote the bonding properties of 
the metallizing medium and lower the surface resistance (so increasing 

conductivity). The sample was subsequently recleaned using an alkali 
based detergent, rinsed, acid dipped in 10% sulphuric acid and thoroughly 
re-rinsed in cold running water before being transferred to the 
electroplating solution. 

Electrodeposition 
Metallized surface area: 97.5 cm2 (15.11 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 2.1 amps 

Plating duration: 2 hours 

Result 
This produced a coherent, rapid and uniform surface coverage of 
electrodeposited metal, creating a good foundation for the development of 
textural and tactile surface qualities. The sample was rinsed and dried. 

Secondary Processing 

Preparation 
Black insulating tape was adherently applied to the central area of the 
electrodeposited metal. A sharp craft knife was then employed to cut away 
selected areas of the resist medium in an elaborate design. The possibilities 
of using alternative resist media were also explored. Blobs of warm wax 
were daubed, flicked and splashed onto the upper section of the copper, 
whilst randomly torn strips of masking tape were adhered to the lower 
section of the sample. Portions of the underlying/foundation layer of 
electrodeposited metal were deliberately left exposed on the front of the 
panel, whilst the back was completely covered with a resist medium. The 
metal was then recleaned using a little pumice and an alkali based 
detergent (to remove any residing traces of glue or sticky tape) rinsed, 
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dipped in 10% sulphuric acid and re-rinsed before being returned to the 
electroplating solution. 

Electrodeposition 
The application of the resist media significantly reduced the surface area 
available for subsequent electrodeposition 

Metallized surface area: 73 cm2 (11.32 sq") 
Deposition rate: 2.0 A/dm2 (20 Asf) 

Actual amps: 1.57 amps 
Plating duration: 5 hours, 30 minutes 

Result 
On extraction from the electroplating solution the sample was rinsed and 
dried. The process produced a richly embossed and highly decorative relief 
pattern which exhibited aesthetically interesting textural and tactile surface 
qualities. 

Tertiary Processing 

Preparation 
Additional layers of melted wax and torn strips of masking tape were 
applied to the electrodeposited copper. The sample was then cleaned using 
a little pumice and an alkali based detergent, rinsed, dipped in 10% 

sulphuric acid and re-rinsed before being returned to the electroplating 
solution. 

Electrodeposition 
The application of additional resist media further reduced the surface area 
available for subsequent electrodeposition 

Metallized surface area: 64.5 cm2 (10 sq") 
Deposition rate: 2.0 A/drn2 (20 Asf) 

Actual amps: 1.38 amps 
Plating duration: 3 hours 

Result 
On extraction from the electroplating solution the sample was rinsed and 
dried, and the various masking agents/resist media were stripped from the 
surface. This revealed laminated steps and distinct strata of metal which 
gave the surface texture greater magnitude and depth. This generated a 
randomly formed, organic growth of electrodeposited metal where the wax 
and masking tape had been used, which contrasted very sharply with the 
more formal/clearly defined, symmetrical pattern of copper which arose 
where the black insulating tape had been used as a masking medium. 
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Sample No. 118 
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Sample No. 119 
Preparation 
A sample of 4 mm thick window glass was taken and masked with a 
zigzag pattern. This was 
(i) sandblasted to produce a rough, heavily abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Lustrelbright metal preparation 
Engelhards"Gold lustre preparation - KA6', was selectively applied to 
abraded and polished areas of the sample. This was fired to a temperature 
of 550°C (1022°F) and saturated for a duration of 5 minutes. On annealing 
the sample was subsequently cleaned using an alkali based detergent, 
rinsed, acid dipped in 10% sulphuric acid and thoroughly re-rinsed in cold 
running water before being transferred to the electroplating solution. 

Electrodeposition 
Metallized surface area: 38.9 cm2 (6.03 sq") 

Deposition rate: 4.0 A/dm2 (40 Asf) 
Actual amps: 1.68 amps 

Plating duration: 4 hours. 

Result 
The sample received a very bright, lustrous deposit of metal, whilst this 
was adherent in the sandblasted areas it displayed signs of lifting, peeling 
and exfoliation on the polished surfaces of the glass. Although, within the 
context of an industrial electroplating establishment these characteristics 
would be rejected and considered a major defect, the blistering and 
sporadic perforation of the electrodeposited copper film had interesting 
aesthetic implications, which if nurtured could be developed to generate 
some unique and aesthetically intriguing surface qualities. 
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Sample No. 119 



Burdett, G. 1998 Accompanying Material 125 

Sample No. 120 

Primary Processing 

Preparation 
A sample of 4 mm thick window glass was taken and the lower section 
was 
(i) selectively masked and sandblasted to produce a rough, heavily 

abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Acheson Colloids silver paint 'Electrodag 915 was brush applied to the 
abraded surface of the glass. This was stoved at a temperature of 160°C 
(320°F) for a duration of 30 minutes to promote the bonding properties of 
the metallizing medium and lower the surface resistance (so increasing 
conductivity). The sample was subsequently cleaned using an alkali based 
detergent, rinsed, acid dipped in 10% sulphuric acid and thoroughly re- 
rinsed in cold running water before being transferred to the electroplating 
solution. 

Electrodeposition 
Metallized surface area: 84 cm2 (13.02 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 0.9 amps 

Plating duration: 2 hours 

Result 
This produced a coherent, rapid and uniform surface coverage of 
electrodeposited metal, creating a good foundation for the development of 
textural and tactile surface qualities. The sample was rinsed and dried. 

Secondary Processing 

Preparation 
A small sheet of copper shim was randomly spotted with hot solder and 
flameworked with an oxyacetylene gas torch to induce the formation of an 
opaque, richly variegated, reddish-orange surface patina. With the 
exception of a small border around the peripheral edges of the metal 
(which was lightly sandblasted to remove surface oxidation) the patinated 
surface was masked with black insulating tape and the metal shim was 
temporarily adhered to the surface of the sample using glue and polyfilla 
to seal any gaps and undercuts. Exposed areas of the polyfilla were then 
treated with 'Covolac' and metallized using an application of 'Electrodag 
T9058', before the sample was returned to the electroplating solution. 
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Electrodeposition 
The application of a resist media significantly reduced the surface area 
available for subsequent electrodeposition. 

Metallized surface area: 68 cm2 (10.54 sq") 
Deposition rate: 2.0 A/dm2 (20 Asf) 

Actual amps: 1.5 amps 
Plating duration: 3 hours 

Result 
The process united the metal shim with the electrodeposited glass to form 

a single coherent structure. The deposit possessed a bright, highly 

reflective appearance. 

Tertiary Processing 

Preparation 
The sample was rinsed and dried, and a further sheet of oxidised and 
patinated metal shim was adhered to the surface (by repeating the 

procedure outlined above). The whole of the metal shim was then masked 
with black insulating tape before an elaborate design was cut away to 
delineate an unresisted surface pattern. The exposed areas of metal were 
sandblasted to remove surface oxidation, cleaned using a little pumice, 
dipped in 10% sulphuric acid and re-rinsed before being returning the 

sample to the electroplating solution. 

Electrodeposition 
The application of resist media further reduced the surface area available 
for subsequent electrodeposition. 

Metallized surface area: 14.7 cm2 (2.3 sq") 
Deposition rate: 2.0 A/dm2 (20 Asf) 

Actual amps: 0.3 amps 
Plating duration: 13 hours 

Result 
On extraction from the electroplating solution the sample was rinsed and 
dried and the masking medium was removed. All of the exposed areas 
underwent successful electrodeposition. This enabled the individual 

components to merge, unit and coalesce to form a single integrated 

structure. The overlaid, embossed surface pattern of electrodeposited 
copper had a very uniform, bright and highly reflective appearance. This 

contrasted very dramatically with the richly variegated and vivid range of 
coloured patinas which were present in underlying areas of the metal shim. 
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Sample No. 120 
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Sample No. 121 

Primary Processing 

Preparation 
Two sheets of 4 mm thick window glass (a and b) were taken and masked 
to leave the bordering edges exposed. These areas were 
(i) sandblasted to produce a rough, heavily abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Acheson Colloids silver paint 'Electrodag 915' was brush applied to the 
abraded surface of the glass. This was stoved at a temperature of 160°C 
(320°F) for a duration of 30 minutes to promote the bonding properties of 
the metallizing medium and lower the surface resistance (so increasing 

conductivity). The sample was subsequently cleaned using an alkali based 
detergent, rinsed, acid dipped in 10% sulphuric acid and thoroughly re- 
rinsed in cold running water before being transferred to the electroplating 
solution. 

Electrodeposition 
Metallized surface area (a and b): 87 cm2 (13.49 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 1.9 amps 

Plating duration: 2 hours. 

Result 
This produced a very good surface coverage of electrodeposited metal 
around the peripheral edges of the glass, creating a good foundation for the 
next stage of the process. The samples were rinsed and dried. 

Secondary Processing 

Preparation 
Samples (a and b) formed the basic structural framework upon which 
additional components were attached in preparation for subsequent 
electrodeposition. A piece of cotton gauze (c), was taken and treated with 
'Covolac' to stiffen the material and render it impervious to the 
electroplating solution. This was positioned in the intervening gap between 
the glass sheets, firmly adhered using glue and rendered conductive using 
an application of silver paint 'Electrodag T9058'. Care was taken to ensure 
that a good link/continuous conductive pathway was formed between the 
freshly metallized surface areas and the original foundation layer of 
electrodeposited metal. A series of pulled and slumped glass rods (d), were 
arranged on top of the gauze and bound into position using thread, which 
was also treated with 'Covolac' and metallized. The whole structure was 
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suspended on a supporting jig/rack and introduced to the electroplating 
solution. 

Simultaneously perforations were cut into a flat sheet of wax to 
produce an elaborately pierced design (e). This was similarly metallized 
and then suspended from a rigid, heavy gauge electrode wire to eliminate 
problems of buoyancy. This component was plated separately and 
independently from the main structure. 

Electrodeposition 
a, band cd and e 

Metallized surface area: 54 cm2 (8.37 sq") 103 cm2 (15.97 Sq") 
Deposition rate: 2.0 A/dm2 (20 Asf) 2.5 A/dm2 (25 Asf) 

Actual amps: 1.2 amps 2.8 amps 
Plating duration: 3 hours. 3 hours, 45 minutes 

Result 
Both of the structures received a good, fairly adherent and robust surface 
coverage of electrodeposited copper 

Tertiary Processing 

Preparation 
These two elements were subsequently collaged and joined together (using 
the procedures outlined above). They were then replated to unite the 
components into a single coherent and rigid structure. 

Electrodeposition 
Metallized surface area (total): 142 cm2 (22.01 sq") 
Deposition rate: 2.0 A/dm2 (20 Asf) 

Actual amps: 3.1 amps 
Plating duration: 2 hours. 

Result 
The components were effectively united by the adherent and encapsulating 
film of copper, to form a structural framework which was strong, rigid and 
durable. By electrodepositing contrasting substrate materials it was 
possible to create an interesting range of textural and tactile surface 
qualities. This research and experimentation highlights the constructional 
possibilities and joining potential of the electroplating process. 
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Sample No. 121 
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Sample No. 122 

Primary Processing 

Preparation 
A sample of 4 mm thick window glass was taken and the lower section 
was 
(i) selectively masked and sandblasted to produce a rough, heavily 

abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Acheson Colloids silver paint'Electrodag 915' was brush applied to the 
abraded surface of the glass. This was stoved at a temperature of 160°C 
(320°F) for a duration of 30 minutes to promote the bonding properties of 
the metallizing medium and lower the surface resistance (so increasing 

conductivity). The sample was subsequently cleaned using an alkali based 
detergent, rinsed, acid dipped in 10% sulphuric acid and thoroughly re- 
rinsed in cold running water before being transferred to the electroplating 
solution. 

Electrodeposition 
Metallized surface 

Deposition rate: 
Actual amps: 

Plating duration: 

area: 90 cm2 (13.95 sq") 
2.0 A/dm2 (20 Asf) 
1.9 amps 
8 hours. Followed by 14 hours at 1.0 A/dm2 (10 
Asf) 

Result 
This produced a very thick, coherent, and uniform surface coverage of 
electrodeposited metal, creating a good foundation for the development of 
textural and tactile surface qualities. The sample was rinsed and dried. 

Secondary Processing 

Preparation 
A thick, viscous ashphaltum based printing resist was applied to the 
surface of the copper, through a process of painting, rendering and 
textured relief printing. 

Procedure 
The sample was then immersed in an etching mordant comprising of a 1: 4 
ratio of nitric acid and water. In order to promote a clean, clear cut, 
uniform bite the sample was supported upon insulating blocks several 
millimetres away from the base of the etching vat, and on a regular basis, a 
feather was used to lightly brush the sediment and air bubbles (evolved 
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during the etching process) away from the surface. After 6 hours the 
sample was extracted, rinsed in copious quantities of water and left to dry. 

Result 
The etching process produced a richly embellished and refined surface 
pattern/texture. Though fairly shallow this exhibited a very intricate, 
sensitive and exquisite array of surface detailing. The etching process did 
not appear to have an adverse or detrimental affect upon the adhesion of 
the deposit. 

Tertiary Processing 

Preparation 
The sample was cleaned and scoured with a toothbrush dipped in pumice 
and a little sulphuric acid, and then rinsed and dried. Selected areas of the 
surface were subsequently resisted out using black masking tape, before 
returning the sample to the electroplating solution. 

Electrodeposition 
The application of a resist media further reduced the surface area available 
for subsequent electrodeposition. 

Metallized surface area: 30 cm2 (4.6 sq") 
Deposition rate: 2.0 A/dm2 (20 Asf) 

Actual amps: 0.6 amps 
Plating duration: 6 hours 

Result 
The exposed areas of the sample received a fairly thick deposit of metal 
creating a richly embossed surface pattern. This was slightly 
distended/swollen and nodular around the edges, as a result of employing 
an excessively high current density. A far sharper definition and more 
refined, subtle range of aesthetic effect could have been achieved by 
plating at a lower current density over a longer period of time. 
Nevertheless, an interesting decorative effect was achieved by integrating 
and amalgamating etching techniques with electroplating procedures. 
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Sample No. 122 
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Sample Nos. 123a and 123b 

Preparation 
Two samples of window glass were 
(i) selectively sandblasted to produce a smooth, lightly roughened surface 
(ii) meticulously cleaned, using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Heraceus' silver electrodag paint 79058' was brush applied to the 
abraded surface areas of the samples. In accordance with the 
manufacturing guidelines these were stoved at a temperature of 70°C 
(158°F) for 30 minutes to promote the bonding properties of the 
metallizing medium and lower the surface resistance (so increasing 
conductivity). A small section along the right-hand side of each sample 
was resisted out using black insulating tape. The samples were 
subsequently immersed in a weak detergent solution, rinsed, acid-dipped 
in 10% Sulphuric acid and thoroughly re-rinsed before being introduced to 
the electroplating solution. 

Electrodeposition 
Each sample was calculated to have a metallized surface area of 26 cm2 
(4.0 sq") 

Deposition rate: 
Actual amps: 

Plating duration: 

Sample No. 123a 
2.0 A/dm2 (20 Asf) 
0.56 amps 
52 minutes (1 hour) 

Sample No. 123b 
4.0 A/dm2 (40 Asf) 
1.1 amps 
52 minutes (1 hour) 

Results 
Both samples exhibited excellent surface conductivity which facilitated the 
formation of a very rapid and continuous surface coverage of 
electrodeposited metal. The lower current density employed in 

electrodepositing Sample No. 123a proved to be an advantage both in 
producing a smoother and more uniform metal film and in promoting a 
stronger more adherent deposit. By comparison, although the metal 
deposited on Sample No. 123b, (under the influence of a far higher current 
density), was much brighter, it was of an inferior quality and uniformity, 
with copper being preferentially drawn to the exterior/peripheral edges of 
the sample. 
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Sample Nos. (left) 123a and (right) 123b 

Sample Nos. (top) 124a and (bottom) 124b 



Burdett, G. 1998 Accompanying Material 136 

Sample Nos. 124a and 124b 

Preparation 
Two samples of window glass were 
(i) selectively sandblasted to produce a smooth, lightly abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Agar Scientifics silver paint 'Electrodag 1415' was brush applied to the 
abraded surface of the samples. In accordance with the manufacturers 
guidelines, these were stoved at a temperature of 80°C (176°F) for 30 
minutes to promote the bonding properties of the metallizing medium and 
lower the surface resistance (so increasing conductivity). A small area of 
each sample was resisted out using black insulating tape. The samples 
were subsequently immersed in a weak detergent solution, rinsed, acid 
dipped in 10% sulphuric acid and thoroughly re-rinsed before being 
introduced to the electroplating solution. 

Electrodeposition 
Sample No. 124a Sample No. 124b 

Metallized surface area: 16.5 cm2 (2.56 sq") 16.5 cm2 (2.56 sq") 
Deposition rate: 2.0 A/dm2 (20 Asf) 4.0 A/dm2 (40 Ast) 

Actual amps: 0.35 amps 0.7 amps 
Plating duration 52 minutes (1 hour) 52 minutes (1 hour) 

Results 
The samples were highly conductive, receiving a spontaneous surface 
coverage of electrodeposited metal which was bright and lustrous in 
appearance. Sample No. 124a exhibited a fairly smooth, uniform deposit 
of copper. This was in contrast to Sample No. 124b where a rough, hispid, 
bristled fringe of metal formed around the peripheral edges of the deposit 

- due to the application of an excessively high CD. Although there was a 
moderate level of bonding between the metal and the glass, there was 
evidence of lifting, peeling and poor surface adhesion, especially in 
Sample No. 124b. 
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Sample Nos. 125 and 126 

Metallization Technique - Laminated copper wire 
Several sheets of (4 mm thick) window glass were taken and cut to a 
conforming size and shape. These were interspersed with a randomly 
arranged lattice work, criss-cross structure of 0.9 mm gauge copper wire 
and consecutively stacked on top of one another to form a solid block. 
This was kiln fired to a fusing temperature of 780°C (1436°F). On 

annealing the laminated block was sliced to produce panels - cross- 
sections of glass impregnated with perpendicular strands of copper wire. A 

sheet of this glass (Sample No. 125) was taken, and one side was ground 
(hand lapping techniques were used to take the glass down through 80, 
220,320,400 and 600 grade grits) and polished using a slurry of pumice 
and a cork wheel to produce a highly reflective surface. The other side of 
the glass was left in a roughly abraded condition. An additional panel of 
the glass comprising of the end section of the laminated block (Sample No. 
126), which exhibited a branched like ramification of externally projecting 
copper wire was also prepared. The samples were acid dipped (in 10% 

sulphuric acid) and re-rinsed before being transferred to the electroplating 
solution. 

Electrodeposition 
Sample No. 125 Sample No. 126 

Metallized surface area: 10 cm2 (1.55 sq") 20 cm2 (3.1 sq") 
Deposition rate: 2.0 A/dm2 (20 Asf) 2.0 A/dm2 (20 Asf) 

Actual amps: 0.22 amps 0.4 amps 
Plating duration: 52 minutes (1 hour) 52 minutes (1 hour) 

Results 
The current was rapidly transmitted across the integrated circuit of copper 
wire facilitating the successful electrodeposition of the spherical pinheads 
and longitudinal strands of metal exposed on the uppermost surface of the 
glass. In Sample No. 125, this created a decoratively embossed surface 
pattern of tiny swollen dots and bead like nodules. This effect was more 
prevalent on the roughened side of the glass where the metallized surface 
area was significantly larger. It was also apparent that metal was 
preferentially drawn to the high current density areas - the strands of metal 
exposed on the peripheral/exterior edges of the sample. Since the copper 
wire was actually encapsulated/imbedded within the glass there was a 
good level of surface adhesion. The potential for electrodepositing quite 
independent and isolated areas of metal represents the most exciting aspect 
of this process. 
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In Sample No. 126 there was a thickening and stiffening of the copper 
wire strands, these possessed swollen bulges and turgid protuberances of 
highly polished metal towards their extremities and dull roots. Deposition 
was noticeable heavier and increasingly exaggerated as the strands of 
metal became more remote and projected further outwards from the 
surface of the glass. Again, by integrating the metal framework into the 
main body of the glass maximum surface adhesion was assured. 
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Sample No. 125 
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Sample No. 126 
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Sample No. 127 
Preparation 
A mould bearing a shallow trough was formed from a 50: 50 mixture of 
plaster and investrite. 

Metallization Technique - Cast metal leaf 
Three sheets of gold leaf were laid into the recessed cavity of the mould 
and weighted down using a single ingot of lead glass. This was transferred 
to the kiln and fired to a casting temperature of 850°C (1562°F) for a 
duration of 1 hour. The glass was annealed overnight and then extracted 
from the mould. This revealed that a significant portion of the metal leaf 
had either dispersed and disintegrated, or been burnt away as a direct result 
of the firing process. The sample was cleaned, in an alkali based detergent, 
acid dipped and finally rinsed before being introduced to the electroplating 
solution. 

Electrodeposition 
Metallized surface area: 2 cm2 (0.31 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.04 amps 

Plating duration: 52 minutes (1 hour) 

Result 
Although the metallized surface was very limited, there was a very rapid 
surface coverage of electrodeposited metal indicating a high level of 
surface conductivity. However, the electrodeposited metal exhibited signs 
of lifting and peeling which were indicative of poor surface adhesion. 
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Sample No. 127 
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Sample Nos. 128a and 128b 

Preparation 
Two glass microscope slides were 
(i) selectively sandblasted to produce a smooth lightly abraded surface; 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being, rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Engelhards silver electrodag paste 71012' was brush-applied to the 
abraded surfaces of the samples. In accordance with the manufacturers 
guidelines these were then stoved at a temperature of 381°C (718°F) for 30 
minutes, to promote the bonding properties of the metallizing medium and 
lower the surface resistance (so increasing electrical conductivity). The 
upper section of the metallized samples was resisted using black insulating 
tape. The samples were subsequently immersed in a weak detergent 
solution, rinsed, acid dipped in 10% sulphuric acid (for 15 seconds) and 
thoroughly re-rinsed, before being transferred to the electroplating 
solution. 

Electrodeposition 
Each sample was calculated to have a metallized surface area of 8 cm2 (1.2 
sq") 

Deposition rate: 
Actual amps: 

Plating duration: 

Sample No. 128a 
2.0 A/dm2 (20 Asf) 
0.17 amps 
52 minutes (1 hour) 

Sample No. 128b 
4.0 A/dm2 (40 Ast) 
0.33 amps 
52 minutes (1 hour) 

Results 
Conductivity was excellent, this gave rise to a very rapid and complete 
surface coverage of electrodeposited copper. The excessively high current 
density used to electrodeposit Sample No. 128(b) resulted in twice as 
much metal being deposited, and caused the copper to develop an 
exuberant treeing/nodular effect around the peripheral fringes of the 
deposit (the high CD areas of the cathode surface). By comparison, 
Sample No. 128a, which was processed at a much lower density of 2.0 
A/dmý(20 Asf), produced a much smoother, brighter and more uniform 
deposit. The level of adhesion, was moderately good and was found to 
benefit directly from the employment of a low current density. 
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Sample Nos. (top) 128a and (bottom) 128b 

Sample Nos. (top) 129a and (bottom) 129b 
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Sample Nos. 129a and 129b 

Preparation 
Two glass microscope slides were 
(i) selectively sandblasted to produce a smooth, lightly abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paintfelectrodag 
Chemences silver electrodag paint'Ionacure 6900' was brush applied to the 
abraded surface of the samples. In accordance with the manufacturers 
guidelines these were stoved at a temperature of 80°C (176°F) for 60 
minutes to promote the bonding properties of the metallizing medium and 
lower the surface resistance (so increasing conductivity). The upper 
section of the samples was resisted with black insulating tape. The samples 
were then immersed in a weak detergent solution, rinsed, acid dipped in 
10% sulphuric acid (for 15 seconds) and thoroughly re-rinsed before being 
transferred to the electroplating solution. 

Electrodeposition 
Each sample was calculated to have a metallized surface area of 8 cm2 (1.2 
sq@, ) 

Sample No. 129a Sample No. 129b 
Deposition rate: 2.0 A/dm2 (20 Asf) 4.0 A/dm2 (40 Asf) 

Actual amps: 0.17 amps 0.33 amps 
Plating duration: 52 minutes (1 hour) 52 minutes (1 hour) 

Results 
The samples displayed a relatively poor level of surface conductivity, this 
was indicated by the meagre and very slow surface coverage of 
electrodeposited metal, which took over 25 minutes at 2.0 A/dm2 (20 Asf), 
to completely envelope the metallized surface. The deposits possessed a 
slightly grainy, rugged and streaky appearance. This texture replicated the 
brush marks which had emerged during the original application of the 
thick, thixotropic silver paste. In contrast, where the metallizing medium 
had been applied too thinly, or in a superficial fashion, skip-plating 
occurred so that varying thicknessO of metal were deposited. This gave 
rise to an irregular and uneven surface texture, which enhanced rather than 
detracted from the overall aesthetic and decorative effect of the samples. 
In both instances a bright, lustrous deposit was produced, however in 
Sample No. 129b, a nodular, hispid fringe of metal formed around the 
peripheral edges - the high CD areas. Although adhesion was adequate 
there was evidence of the lifting and exfoliation in Sample No. 129b. This 
was induced through stress and had been incorporated into the deposit as a 
result of using an excessively high CD. 
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Sample No. 131 

Preparation 
Glass blowing techniques were used to form a hot parison of glass which 
was blown out to form a heavy, thick walled bubble. This was heated in 

the glory hole before being plunged into a bucket of cold water to create a 
crackled surface effect. The glass was then reheated to partially soften and 
refuse the cracks and fissures before being cracked off and transferred to 
the lehr. On annealing the bubble was dissected into two spherical, curved 
lenses. 

Metallization Technique - Copper lacquer/paste 
Cannings' copper bronze powder and binding lacquer No. F67406 were 
mixed together in a ratio of 5 gms paste to 10 ml of lacquer, to form a 
grainy, viscous paste which was liberally applied and worked into the 
fissures, cracks and crevices exposed on the surface of the glass. This 

paste was left to harden and cure overnight. The sample was then 
introduced to the electroplating solution. 

Electrodeposition 
Metallized surface area: 8.1 cm2 (1.25 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.17 amps 

Plating duration: 2 hours, 30 minutes. 

Result 
The sample exhibited a good surface coverage of electrodeposited metal. 
Since the metallizing medium had been employed as a thick putty/cement 
like filler which had been compressed and burnished into exposed 
crevices, cracks, and undercuts in the surface of the glass and enveloped 
around the peripheral edges of the sample, it was possible to actively 
employ the principle of encapsulation and promote a relatively good level 

of surface adhesion. This technique produced a very subtle, randomly 
crazed surface pattern which exhibited valuable aesthetic and decorative 

qualities. 
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Sample No. 131 
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Sample Nos. 133 and 134 

Primary Processing 

Metallization Technique - Pressed copper components 
Thin, soft, pliable strips of 0.003 gauge copper shim, 0.9 mm copper wire, 
and cross sections of brass tube were used to fabricate a series of two 
dimensional metal forms. A gather of hot glass from the furnace was 
poured and cast onto the structures which were then transferred to the 
annealing lehr. On cooling the samples were acid dipped and the exposed 
elements of the metal were scrubbed with a slurry of pumice powder to 
remove the scale and surface oxidation, before being rinsed and transferred 
to the electroplating solution 

Electrodeposition 
Metallized surface area (in total): 35.5 cm2 (5.5 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.8 amps 

Plating duration: 52 minutes (1 hour). 

Results 
There was a spontaneous surface coverage of electrodeposited metal. This 
was of a very bright, highly reflective appearance. Adhesion was excellent 
because the metal had been permanently fused and embedded within the 
main body of the glass during the original glass forming process. 

Secondary Processing 

Preparation 
One of the samples was taken and the front surface of the glass was 
selectively sandblasted, cleaned and metallized using Heraceus silver paint 
'Electrodag T9058 before being returned to the electroplating solution. 

Electrodeposition 
Metallized surface area: 19.4 cm2 (3.0 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.4 amps 

Plating duration: 52 minutes (1 hour) 

Result 
There was an uneven distribution of metal. On the uppermost surface of 
the glass, especially where metal components were freely exposed along 
the peripheral edges of the sample a heavy, bright, highly reflective 
deposit of copper was formed. This was in stark contrast to the recessed, 
depressed surface areas which only received a very dull, thinly distributed 
and meagre deposit of copper. By plating metal on either side of the - 
sample (front and back) a feeling of depth was created which gave the 
samples a 3D surface quality. 



Burdett, G. 1998 Accompanying Material 149 

Sample Nos. (left) 133 and (right) 134 

Before electrodeposition 

After electrodeposition 
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Sample No. 135 

Metallization Technique - Laminated copper components 
Fine copper mesh, copper sheet and 0.9 gauge copper wire, were taken and 
laminated between randomly arranged, interconnecting glass canes (some 

of which had been coated in a generous film of 'Scropas' copper powder) 
to construct a two dimensional framework. This montage was deliberately 
assembled to allow areas of the metal to become effectively 
masked/resisted, as a result of being partially trapped, fused and insulated 
between juxtaposing glass elements. Experiments were then conducted to 
establish whether it was possible for a current to be passed through the 
(insulating properties of the) glass substrate, to facilitate the successful 
electrodeposition of isolated areas of the metal framework which remained 
evident on the exterior surface. 

Electrodeposition 
Metallized surface area: 7.5 cm2 (1.16 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.2 amps 

Plating duration: 52 minutes (1 hour). 

Result 
The metal trapped and fused within the glass created an integrated circuit 
which provided continuous surface conductivity and promoted the 
successful electrodeposition of the exposed metal components. This 

provided an interesting aesthetic contrast between the very bright areas of 
plated metal and the red/black oxidised areas which remained trapped and 
fused within the main body of the glass. There was a very rapid, coherent, 
uniform surface coverage of metal indicating good surface conductivity 
and excellent adhesion. The brittleness, hardness and structural rigidity of 
the metal increased significantly as a result of the electroplating process. 



Burdett, G. 1998 Accompanying Material 151 

Sample No. 135 
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Sample Nos. 136 and 137 

Metallization Technique - Fused metal leaf 
Glass blowing techniques were used to form a hot parison of glass. Two 

sheets of silver leaf (Sample No. 136) were taken and laid out on the 
marver. These were picked up and smoothly applied to the glass by gently 
rolling the hot blowing iron across the foil, coherently fusing and 
integrating the precious metal leaf into the soft malleable surface. A gob of 
glass collected on the end of a bit iron was then gathered and applied to the 
surface of the blown form as a pulled rod/hot thread which was wound 
around the circumference of the bubble to produce an evenly spaced 
spiral/helix configuration. The glass was then cracked off and transferred 
to the annealing lehr. On cooling the metallized glass was dissected into 
two spherical, curved lenses. This procedure was repeated using gold leaf 
to form Sample No. 137. 

In each instance a single lense was taken, ground and polished. The 
top and bottom sections of the glass were masked with a protective resist 
of black insulating tape. The samples were then cleaned, rinsed and acid 
dipped before being transferred to the electroplating solution. 

Electrodeposition 
Sample No. 136 Sample No. 137 

Metallized surface area: 33.6 cm2 (5.2 sq") 27.5 cm2 (4.3 sq") 
Deposition rate: 1.5 A/dm2 (15 Asf) 1.5 A/dm2 (15 Asf) 

Actual amps: 0.5 amps 0.4 amps 
Plating duration: 1 hour, 30 minutes 1 hour, 30 minutes 

Results 
The main objective of this experiment, was to assess whether it would be 
possible to pass an electrical current beneath the hot trails of glass (which 
insulated selected areas of the metallized surface) enabling 
electrodeposition to spread and occur in quite independent and isolated 

areas. This proved to be extremely successful, with electrodeposited 
copper forming on exposed areas of the metallized surface and being 
resisted out by the encompassing glass trail. Sample No. 137 (gold leaf) 
registered a very high voltage during the initial stages of the 
electrodeposition process and appeared to be significantly less conductive 
than Sample No. 136 (silver leaf). This finding was reinforced by the fact 
that it only took 15 minutes for Sample No. 136 to receive a good 
coverage of copper (which enveloped 3/4 of the metallized surface), 
whereas 40 minutes passed before Sample No. 137 received an equivalent 
deposit. In both instances the electrodeposited copper was smooth and 
bright, with a slightly scaly, crazy surface pattern - this accurately 
reflected the fissures in the metal leaf which had disintegrated and 
dispersed slightly on application. Furthermore, the solution had seeped 
beneath the tape resulting in a dull tidal mark of electrodeposited copper 
forming around the upper section of Sample No. 136. It was also evident 
that metal had been preferentially drawn to the high current density areas 
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resulting in a very thick, dense, bright deposit of copper forming around 
the peripheral edges of the sample. In both instances film adhesion was 
relatively poor, and there was an emphatic reliance upon the principle of 
encapsulation to bond the metal to the glass. 
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Sample No. 136 

Sample No. 137 
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Sample Nos. 138 and 139 

Preparation 
Two samples were prepared. These comprised of 
(a) a1 mm gauge copper sheet. - Sample No. 138 
(b) a sheet of pre-cast resin. This was metallized using Acheson Colloids 

conductive silver paint 'Electrodag 915' before undergoing 
electrodeposition from an acid copper sulphate electroplating solution, 
for a duration of 4 hours at a current density of 2.0 A/dm2 (20 Asf). - 
Sample No. 139 

Both of the samples were identical in size. Immediately prior to patination 
the samples were scrupulously cleaned to remove any extraneous dirt and 
grease, and promote the formation of an adherent and uniform surface 
patina. This involved several stages. Initial degreasing was carried out 
using a stout bristled toothbrush dipped in an organic solvent to eradicate 
oily surface residues. This was followed by an immersion soak and scrub 
in a hot, water soluble alkaline emulsion cleaner (a solution of soap and 
water), and a thorough rinse under cold running water. Finally, the 
surfaces were lightly scoured with an abrasive medium of pumice and a 
little water to reduce surface tension and roughen the metal, thereby 
providing a good surface key for the patinating procedure, prior to rinsing, 
acid dipping in 10% sulphuric acid and re-rinsing the sample in cold 
running water. 

The Patinating Solution 
(Source: HUGHES, R. and ROWE, M. (1982) The Colouring, Bronzing and Patination of 
Metals, Recipe No. 3.208) 

Potassium Hydroxide (pellet form) 100 gms (16 oz) 
Copper Sulphate 30 gms (4.8 oz) 
Sodium Tartrate 30 gms (4.8 oz) 
Water 1 litre (1 gallon) 

Procedure 
The chemicals were added to the water in the order outlined above and 
mixed thoroughly until they dissolved into solution. A pipette was then 
used to make controlled additions of the solution, to a tray of very fine 
sawdust to create a damp, crumbly mixture (Care was taken to avoid over 
saturating the sawdust with liquid). Half of the sawdust was used to line 
the base of an airtight container. The samples were then introduced before 
the remaining sawdust was added. This was firmly compressed and packed 
down. The tray was sealed with cling film to retain the moisture and create 
a damp, humid atmosphere, before being set aside for 12 hours to allow 
the patina to develop. During this time the process was regularly inspected 
and monitored. On completion the samples were extracted, rinsed under 
cold running water and air dried. To preserve the patina the samples were 
sprayed and sealed with a thin film of 'Ecropen' lacquer. 
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Results 
In both instances a variegated surface colour was produced. The 

uppermost surface of Sample No. 138(a) was vigorously etched by the 
solution, producing a mottled pink/light brown ground which was 
interspersed with very sharply defined and isolated patches of raised, 
stippled metal. In comparison the patina on Sample No. 139(b) gave rise to 
a much darker, intenser and more variegated range of muddy brown 
colours. In both instances the colours engendered on the reverse/underside 
of the samples was significantly different, producing a brown/black 
pigmentation which was covered with a shimmering, iridescent bluish- 
green surface sheen. This gave rise to a wetter, more coherent 
wash/bleeding of the colours in Sample No. 138(c) and a very dry, stippled 
effect in Sample No. 139(d). 
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Sample Nos. (left) 138 and (right) 139 

Front Surface 

Back Surface 
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Sample No. 140 
Preparation 
A sample of 1 mm gauge copper sheet was taken. Immediately prior to 
treatment this was cleaned to remove any extraneous dirt and grease, and 
to promote the formation of an adherent and uniform surface patina. This 
involved several stages. Initial degreasing was carried out using a stout 
bristled toothbrush dipped in an organic solvent and to eradicate any oily 
surface residues. This was followed by an immersion soak and scrub in a 
hot, water soluble alkaline emulsion cleaner (a solution of soap and water), 
and a thorough rinse in cold running water. Finally, the surface was lightly 
scoured with an abrasive medium of pumice and a little water to reduce 
surface tension and roughen the metal, thereby providing a good surface 
key for the patinating solution, prior to rinsing, acid dipping in 10% 
sulphuric acid and re-rinsing the sample in cold running water. 

The Patinating Solution 
Cuprous Chloride 60 gms (2 oz) 
Ammonia 60 gms (2 oz) 
Vinegar 284 ml (1/2 pint) 

Procedure 
The chemicals were added to the vinegar and mixed thoroughly until they 
dissolved. The sample was then immersed in the solution and freely 
suspended several centimetres away from the walls of the vessel. After a 
few minutes the sample was extracted and the residual surface film was 
allowed to dry for 1-2 hours. On completion the sample was sprayed and 
sealed with a thin film of 'Ecropen' lacquer. 

Result 
The process gave rise to a very vibrant and vivid, turquoise blue patina. 
However, this was sporadic and restricted to small localised surface areas, 
with the majority of the metal being dominated by a more prominently 
patterned and variegated, burnt umber ground. 
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Sample No. 140 
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Sample No. 141 
Preparation 
A sample of 1 mm gauge copper sheet was taken. Immediately prior to 
treatment this was cleaned to remove any extraneous dirt and greases, and 
promote the formation of an adherent and uniform surface patina. This 
involved several stages. Initial degreasing was carried out using a 
toothbrush dipped in an organic solvent to eradicate any oily surface 
residues. The secondary stage involved an immersion soak and scrub in a 
hot, water soluble alkaline emulsion cleaner (a solution of soap and water). 
A thorough rinse under cold running water followed. Finally, the surface 
was lightly scoured with an abrasive medium of pumice and a little water 
to reduce surface tension and roughen the metal thereby providing a good 
surface key for the patinating solution, prior to rinsing, acid dipping in 
10% sulphuric acid and re-rinsing the sample in cold running water. 

The Patinating Solution 
(Source: HUGHES, R. and ROWE, M. (1982) The Colouring, Bronzing and Patination of 
Metals, Recipe No. 3.140) 

Copper Nitrate 20 gms (308 grains) 
Sodium Chloride 16 gms (246 grains) 
Potassium Hydrogen Tartrate 2 gms (31 grains) 
Ammonium Chloride 4 gms (62 grains) 
Water To form a paste 

Procedure 
A pestle and mortar were employed to grind the ingredients together to 
form a paste with a smooth, runny consistency. A piece of damp gauze 
was adhered to the surface of the metal and the paste was liberally applied 
and worked into and around the open weave areas of the fabric. After 6 
hours the gauze was removed, the dry residue was eliminated from the 
surface using a stiff bristled brush and the metal was washed under cold 
running water. The sample was exposed to direct sunlight for several 
weeks to enable the patina to mature and take effect. 

Result 
Colour development occurred very slowly, generating a deep green patina. 
This produced an interesting aesthetic effect. Those areas which had been 
saturated with the paste produced a very smooth, uniformly applied 
surface patina. However, in other areas, where the paste had been drawn 
and absorbed into the open weave areas of the gauze, and away from 
exposed areas of the metal it left an identical impression behind, an 
duplicate image of where the fabric had lay. This created a dramatic 
surface pattern and striking colour contrast, with the dense green surface 
patina being set off against a rich, russet-brick coloured copper ground. 
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Sample No. 141 
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Sample No. 142 

Preparation 
A sample of 1 mm gauge copper sheet was taken. Immediately prior to 

treatment this was cleaned to remove any extraneous dirt and greases, and 

promote the formation of an adherent and uniform surface patina. This 
involved several stages. Initial degreasing was carried out using a stout 
bristled toothbrush dipped in an organic solvent and to eradicate any oily 
surface residues. This was followed by an immersion soak and scrub in a 
hot, water soluble alkaline emulsion cleaner (a solution of soap and water), 

and a thorough rinse in cold running water. Finally, the surface was lightly 

scoured with an abrasive medium of pumice and a little water to reduce 
surface tension and roughen the metal, thereby providing a good surface 
key for the patinating solution, prior to rinsing, acid dipping in 10% 

sulphuric acid and re-rinsing the sample in cold running water. 

The Patinating Solution 
(Source: LANGBEIN, G. and BRANNT, W. (1920) Electrodeposition of Metals. p. 626) 

Liver of Sulphur (Potassium Sulphide) 

Water 142 ml -1.136 litres ('/4 -2 pints) 
(Optional - Trace of Ammonia to brighten the lustre of the colour) 

Procedure 
One lump of liver of sulphur was taken and dissolved in a pint of warm 
water. This was left to stand for 5 minutes to enable the solution to become 

active. The sample was repeatedly dipped into the solution, until the 

required foundation/base colour was obtained. This was a fairly 

spontaneous process. A further piece of liver of sulphur was taken and 
used to draw a spiralling, circular pattern directly onto the surface of the 
metal (Alternatively, the solution could have been flicked, daubed or 
sponged onto localized surface areas to produce a mottled, stippled or 
streaky effect). Once the desired effect had been achieved the sample was 
rinsed, air dried and sprayed with a thin film of 'Ecropen' lacquer. 

Result 
The initial immersion produced a fairly uniform and coherent base colour, 
which-was easily controlled to create the desired density and hue/tone of 
brown. This contrasted sharply with the spontaneity of the drawn qualities 
which gave rise to a far more immediate and predetermined aesthetic 
effect. The solution produced a very rich, chocolate brown to light bronze 

patina with a slightly iridescent bluish-purple surface sheen. This 

possessed a semi-gloss, satinized finish. 
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Sample No. 142 
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Sample Nos. 143a and 143b 

Preparation 
Two samples were prepared. These comprised of 
(a) a1 mm gauge copper sheet. 
(b) a sheet of pre-cast resin. This was metallized using Acheson Colloids 

conductive silver paint 'Electrodag 915' before undergoing 
electrodeposition from an acid copper sulphate electroplating solution, 
for a duration of 4 hours at a current density of 2.0 A/dm2 (20 Asf). 

Both of the samples were of an identical size and shape. Immediately prior 
to patination the samples were scrupulously cleaned to remove any 
extraneous dirt and grease and promote the formation of an adherent and 
uniform surface patina. This involved several stages. Initial degreasing 
was carried out using a stout bristled toothbrush dipped in an organic 
solvent to eradicate oily surface residues. This was followed by an 
immersion soak and scrub in a hot, water soluble alkaline emulsion cleaner 
(a solution of soap and water), and a thorough rinse under cold running 
water. Finally, the surfaces were lightly scoured with an abrasive medium 
of pumice and a little water to reduce surface tension and roughen the 
metal, thereby providing a good surface key for the patinating procedure, 
prior to rinsing, acid dipping in 10% sulphuric acid and re-rinsing the 
samples in cold running water. 

The Patinating Solution 
(Source: HUGHES, R. and ROWE, M. (1982) The Colouring, Bronzing and Patination of 
Metals, Recipe No. 3.204) 

Ammonium Carbonate 150 gms (24 oz) 
Copper Acetate 60 gms (9.6 oz) 
Sodium Chloride 50 gms (8 oz) 
Potassium Hydrogen Tartrate 50 gms (8 oz) 
Water 1 litre (1 gallon) 

Procedure 
The chemicals were added to the water (in the order outlined above) 
slowly, in small incremental doses and mixed thoroughly. As they 
dissolved some effervescing and fizzing occurred. A roll of cotton wool 
moistened and impregnated with the patinating solution was then laid out 
on the base of a polypropylene tray, and the samples were added and 
covered with a further layer of the cotton wool. This was tightly packed 
and compressed to ensure good surface contact was made between the 
samples and the patinating solution. The tray was sealed with cling film to 
retain the moisture and create a humid atmosphere, and set aside for 12 
hours to allow the patina to develop. During this time the samples were 
regularly inspected and monitored. On completion the samples were 
removed, rinsed in cold water and dried. They were then sprayed with a 
thin film of 'Ecropen' lacquer. 
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Results 
A variegated blue/sea green surface patina was produced on both samples. 
This generated a rich, dense and vivid set of colours which exhibited a 
markedly more pronounced and dramatic effect on the electrodeposited 
sample (b), than on the sheet metal (a), which displayed a subtler and far 
more delicate range of tones and colours. In the latter instance colour 
pigmentation was restricted to localised surface areas. 
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Sample Nos. (top) 143a and (bottom) 143b 



Burdett, G. 1998 Accompanying Material 167 

Sample No. 145 

Primary Processing 

Preparation 
A sheet of 4 mm thick window glass was 
(i) selectively masked and sandblasted to produce a smooth, lightly 

abraded surface, 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive silver paint/electrodag 
Acheson Colloids silver paint 'Electrodag 915' was brush applied to the 
abraded surface of the glass. This was stoved at a temperature of 160°C 
(320°F) for a duration of 30 minutes to promote the bonding properties of 
the metallizing medium and lower the surface resistance (so increasing 
conductivity). The sample was subsequently cleaned using an alkali based 
detergent, rinsed, acid dipped in 10% sulphuric acid and thoroughly rinsed 
in cold running water before being transferred to the electroplating 
solution. 

Electrodeposition 
Metallized surface area: 142 cm2 (22 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 1.5 amps 

Plating duration: 8 hours. 

Result 
This produced a very thick, coherent, and uniform surface coverage of 
electrodeposited copper. The sample was rinsed and dried. 

Secondary Processing 

Preparation 
A series of slumped glass shards, beads, and fused glass canes were 
temporarily adhered to the electrodeposited surface of the glass using a 
clear silicone sealant. This was left to harden and cure, before any excess 
was cut away using a craft knife. The surface was dipped in 10% sulphuric 
acid and rinsed. Two coatings of 'Covolac' were then applied to the areas 
surrounding the appendages to seal the silicone sealant and render it 
impervious to the electroplating solution. This was left to dry overnight. 
These areas were coated with a film of silver paint 'Electrodag T9058' to 
create a conductive surface and enable a supporting collar/encompassing 
rim of electrodeposited metal to be grown around the peripheral edges of 
the components, which would merge and coalesce with the base deposit to 
form a single coherent structure. The sample was then returned to the 
electroplating solution. 
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Electrodeposition 
Metallized surface area: 118 cm2 (18.3 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 1.27 amps 

Plating duration: 12 hours. Followed by 8 hours at 2.0 A/dm2 
(20 Asf) 

Result 
There was a good build up of metal around the peripheral, bordering edges 
of the glass appendages, - the high CD areas. This produced a very bright, 
lustrous deposit which possessed a slightly nodular and beaded nature. 
Whilst the edges of the deposit were very bright, the central areas were 
predominantly dull/matt. It was also apparent that some residual traces of 
the silicone sealant had inadvertently been left on the surface of the metal, 
these acted as a resist medium creating a slightly spongy, sugary deposit 
on an otherwise fairly smooth, uniform copper ground. Although, the 
process was time consuming and fiddly it proved to be an effective means 
of joining and uniting components to form a single coherent structure, and 
of growing, merging and coalescing individual elements into the surface of 
a deposit. 
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Sample No. 145 
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Sample No. 146 
Preparation 
A series of thin clay tablets were prepared bearing textured surface 
impressions of coral formations. These were slumped into a shallow 
plaster mould, to give them a slightly curved, scalloped surface. The clay 
models were allowed to dry, before being extracted from the mould and 
biscuit fired to a temperature of 1000°C (1832°F). This produced a series 
of porous, brittle clay forms. 

Metallization Technique - Copper lacquer/paste 
The clay models were coated with a thin film of 'Covolac' lacquer. On 
drying the process was repeated to preserve the forms and render them 
impervious to the electroplating solution. Schloetters' copper paste No. 
1080 and lacquer No. 1764/002 were mixed in a ratio of 1: 1 (5 gms 
lacquer to 5 gms paste). This was blended with a small amount of thinners 
No. 355/007 to modify the consistency and form a smooth runny emulsion, 
which was liberally applied to the surface of the clay models using a paint 
brush. This was left to cure overnight before introducing the models to the 
electroplating solution. 

Electrodeposition 
Metallized surface area: 124 cm2 (19.22 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 1.3 amps 

Plating duration: 10 hours. Followed by 2 hours at 2.0 A/dm2 
(20 Asf). 

Result 
On extraction from the electroplating bath the samples were rinsed and 
dried. The clay models received a uniform and coherent surface coverage 
of electrodeposited metal which reflected and reproduced every detail of 
the underlying surface texture with accuracy and sensitivity. However, on 
subsequent inspection it became apparent that residues of the 
electroplating solution had remained trapped in the surface of the metal 
especially in crevices and areas of intricate detail, leading to the formation 
of a slightly iridescent surface film, which was encrusted with a deep 
green surface patina. 
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Sample No. 146 
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Sample No. 147 

Primary Processing 

Preparation 
A sheet of 'St Juste glass - 209' (blue flash on green) was meticulously 
cleaned using a solvent degreaser and alkali based detergent before being 

rinsed and dried. PVA glue was then randomly applied to selected areas of 
the surface using painting techniques to create a series of broad, circular 
brush strokes. This was left to partially dry before craft tools were used to 
draw and scratch back into the PVA, adding further detail to the resisted 
surface. The glass was then sandblasted to remove the top layer of flashed 

glass. This procedure was repeated until the desired surface pattern and 
texture was produced. The sample was then meticulously cleaned using a 
solvent degreaser and alkali based detergent before being rinsed and dried. 

Metallization Technique - Conductive silver paint/electrodag 
Heraceus silver paint 'Electrodag T9058' was brush applied to the abraded 
surface of the glass. This was stoved at a temperature of 70°C (158°F) for 

a duration of 30 minutes to promote the bonding properties of the 

metallizing medium and lower the surface resistance (so increasing 

conductivity). The sample was then cleaned using an alkali based 
detergent, rinsed, acid dipped in 10% sulphuric acid and thoroughly rinsed 
in cold running water before being transferred, immediately, to 'Cannings 
Cuprasol Mark 5- Acid Copper Sulphate Electroplating Solution'. 

Electrodeposition 
Metallized surface area: 63 cm2 (9.8 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 0.68 amps 

Plating duration: 24 hours 

Result 
On extraction the sample was rinsed and dried. The glass had received a 
very rapid and even surface coverage of electrodeposited copper which 
displayed a satinized surface sheen. 

Secondary Processing 

Preparation 
A paint brush was then used to apply a liberal coating of melted wax to 
selected surface areas. This formed a resist medium. On cooling craft tools 
were used to scratch and draw back into the wax in order to expose 
underlying areas of electrodeposited copper. The sample was then 
cathodically cleaned to re-activate the surface of the copper, rinsed/swilled 
in still and agitated water, dipped in 10% sulphuric acid (at room 
temperature), thoroughly re-rinsed and transferred to a'Silver Strike' bath 
for 30 seconds. This was essential to prevent the formation of an 
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immersion deposit and promote the electrodeposition of a tenacious, 
strongly adherent silver film. On extraction the sample was immediately 
transferred to'Schloetters Elfit Bright Silver Plating Solution'. 

Electrodeposition 
Metallized surface area: 31.5 cm2 (4.9 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Plating duration: 36 minutes 

Result 
On extraction from the electroplating bath the sample was rinsed and 
dried, before the wax resist was peeled away from the surface. The metal 
was then treated with a solvent degreaser. The unresisted areas of copper 
plate had received a good surface coverage of electrodeposited silver, 
however, the masked areas of copper had oxidised, leading to the 
development of a rich, dark brown surface patina. This was possibly due to 
surface residues of acid (from the previous plating process), being 
inadvertently carried over into the silver plating solution. Although this 
effect could easily be eradicated, it was left intact as it was felt to enhance 
rather than detract from the overall aesthetic/decorative effect. During this 
plating period approximately 1.6 gms of silver was deposited. 

Tertiary Processing 

Preparation 
Selected areas of copper and silver plate were then resisted out using a 
cold setting rubber resist medium, known as 'Turco - T. F. M 539 Green'. 
This was applied using a paint brush and left to harden and cure overnight. 

The unresisted areas of the sample were cleaned in preparation for the 
next stage of the electroplating process. Initially the sample was 
cathodically cleaned in a solution containing a wetting agent for 30 
minutes, to reduce the surface tension and promote the liberation of any 
surface grease and dirt. This was then rinsed and swilled in a still and then 
an agitated vat of running water, before being dipped in 10% sulphuric 
acid and re-rinsed. The surface of the metal had now been re-activated 
enabling the sample to be transferred, immediately, to the gold plating 
solution. A proprietary solution known as 'Lea Ronals' Gold 265' was 
employed for this final plating operation. 

Electrodeposition 
Metallized surface area: 15 cm2 (2.3 sq") 

Deposition rate: 2-3 amps 
Plating duration: 30 minutes 

Result 
On extraction from the electroplating bath the sample was thoroughly 
rinsed to remove any residues of the solution trapped in the surface of the 
metal - these would be hazardous to health and cause surface tarnish and 
oxidation. The sample was then placed in a drying cabinet for 20 minutes. 
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This was heated to a temperature of 42°C (108°F). Once dry, a xylene 
based thinners was used to remove the resist medium from the surface of 
the electrodeposited glass before it was treated with a thin film of 
'Ecropen' lacquer. 
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Sample No. 147 
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Sample No. 148 

Primary Processing 

Preparation 
A sheet of 'St Juste glass - 200P' (flashed red on clear) was meticulously 
cleaned using a solvent degreaser and alkali based detergent before being 
rinsed and dried in warm air. A silk screen emulsion was applied and the 
sample was set aside for several hours to dry in a dark cabinet. The 
emulsion coated glass was then placed face down onto an acetate sheet 
bearing a photocopied pattern/predetermined design. This was exposed to 
400 units of light for approximately 1 minute. Portions of the emulsion 
exposed to the treatment cured (turning purple in colour), hardened and 
adhered to the glass to form a durable resist medium. This enabled the 
unexposed, soft areas of the emulsion to be washed away and eliminated 
from the surface. The sample was then sandblasted to remove the red flash 
from selected areas of the glass and create an embossed surface pattern. 
On completion the resist medium was dissolved and removed using a 
cellulose based thinners, and the glass was meticulously cleaned using a 
solvent degreaser and alkali based detergent before being rinsed and dried. 

Metallization Technique - Conductive silver paint/electrodag 
Heraceus silver paint 'Electrodag T9058' was selectively applied to the 
abraded surface of the glass. This was stoved at a temperature of 70°C 
(158°F) for a duration of 30 minutes to promote the bonding properties of 
the metallizing medium and lower the surface resistance (so increasing 

conductivity). The sample was then cleaned using an alkali based 
detergent, rinsed, acid dipped in 10% sulphuric acid and thoroughly rinsed 
in cold running water before being transferred, immediately, to 'Cannings 
Cuprasol Mark 5- Acid Copper Sulphate Electroplating Solution'. 

Electrodeposition 
Metallized surface 

Deposition rate: 
Actual amps: 

Plating duration: 

irea: 16.7 cm2 (2.6 sq") 
1.0 A/dm2 (10 Asf) 
0.2 amps 
13 hours. Followed by 1 hour at 2.0 A/dm2 
(20 Asf). 

Result 
On extraction the sample was rinsed and dried. The glass had received a 
very rapid and uniform surface coverage of electrodeposited copper which 
displayed a satinized surface sheen. 
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Secondary Processing 

Preparation 
The sample was then cathodically cleaned to re-activate the surface of the 
copper, rinsed/swilled in still and agitated water, dipped in 10% sulphuric 
acid (at room temperature), re-rinsed and transferred to a 'Silver Strike' 
bath for 30 seconds. This was essential to prevent the formation of an 
immersion deposit and promote the electrodeposition of a tenacious, 
strongly adherent silver film. On extraction the sample was transferred, 
immediately, to 'Schloetters Elfit Bright Silver Plating Solution'. 

Electrodeposition 
Metallized surface area: 16.7 cm2 (2.6 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Plating duration: 36 minutes 

Result 
On extraction the sample was rinsed and dried. The copper deposit had 
received a good surface coverage of electroplated silver. This accurately 
reflected and replicated the surface characteristics, textures and physical 
properties of the underlying copper film. 

Tertiary Processing 

Preparation 
Selected areas of the silver plate were resisted out using a cold setting 
rubber resist medium, known as 'Turco - T. F. M 539 Green'. This was 
applied using a paint brush and then left to harden and cure overnight. 

The unresisted areas of the sample were then cleaned in preparation 
for the next stage of the electroplating process. Initially the sample was 
cathodically cleaned in a solution containing a wetting agent for 30 
minutes, to reduce surface tension, and promote the liberation of any 
surface grease and dirt. This was then rinsed/swilled in a still and then an 
agitated vat of running water before being dipped in 10% sulphuric acid 
and re-rinsed. The surface of the silver had now been re-activated enabling 
the sample to be transferred, immediately, to the gold plating solution. A 
proprietary solution known as 'Lea Ronals' Gold 265' was employed for 
the final plating operation. 

Electrodeposition 
Metallized surface area: 6.7 cm2 (1.04 sq") 

Deposition rate: 2-3 amps 
Plating duration: 30 minutes 
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Result 
On extraction from the electroplating solution the sample was thoroughly 
rinsed to remove any residues of the solution from the metal, which would 
be hazardous to health and cause surface tarnishing and oxidation. The 
sample was then placed in a drying cabinet for approximately 20 minutes. 
This was heated to a temperature of 42°C (108°F). Once dry, a xylene 
based thinners was used to remove the resist medium from the surface of 
the glass which was finally treated with a thin film of 'Ecropen' lacquer. 
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Sample No. 148 



Burdett, G. 1998 Accompanying Material 180 

Sample No. 150 

Preparation 
A mould bearing a shallow recess was formed from a 50: 50 mixture of 
plaster and investrite. 

Metallization Technique - Cast metal leaf 
Finely crushed lead glass and gold leaf were compacted into the cavity of 
the mould. This was transferred to the kiln and fired to a casting 
temperature of 850°C (1562°F) for a duration of 1 hour. The glass was 
annealed overnight and then extracted from the mould, cleaned, acid- 
dipped and finally rinsed, before being introduced to the electroplating 
solution. 

Electrodeposition 
Metallized surface area: 3 cm2 (0.5 sq") (This figure reflected the 
percentage of the substrate surface actually covered in an externally visible 
film of gold leaf) 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.07 amps 

Plating duration: 52 minutes (1 hour) 

Result 
Two small isolated patches of electrodeposited copper were formed around 
the point of contact between the electrode wire and metallized glass 
surface. The very limited surface coverage of metal, together with the high 

electrical resistance recorded during deposition, indicated poor surface 
conductivity. This was a direct consequence of the firing cycle; It was 
apparent that during the casting process the gold leaf had disintegrated into 
sparse, intermittent patches of metal, this restricted the formation of a 
coherent and continuous conductive film, and inhibited successful 
electrodeposition. 

The metal, was deposited in the form of a rough hispid growth which 
was granular, extremely brittle and virtually non-adherent. 
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Sample No. 150 
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Sample No. 151 

Metallization Technique - Fused metal powder 
Glass blowing skills were employed to form a hot parison of glass. 
Scropas bronze powder was then marvered on to the soft malleable surface 
of the glass. The bubble was cracked off and annealed in the lehr. 

During marvering, the metal powder aggregated into isolated patches 
on the surface of the glass making it virtually impossible to apply the 
powder in a smooth or uniform fashion. Therefore, to provide a continuous 
electrically conductive pathway (across the metallized surfaces of the 
glass, a fine gauge copper wire was wrapped around the form (this also 
served as a connecting electrode wire). The piece was then cleaned, acid- 
dipped and rinsed, before being transferred to the electroplating solution. 

Electrodeposition 
Metallized surface area: 40 cm2 (6.2 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.86 amps 

Plating duration: 52 minutes (1 hour initially) extended to 8 hours 

Observations 
During electrodeposition, copper was preferentially deposited on the 
encompassing electrode wire which, (comprised of pure metal, and) was 
comparatively more conductive than the partially metallized/oxidized 
surface of the glass. 

Result 
Thick, prominent, callous-like swellings of nodular copper were formed. 
These were in direct proximity to, and projected outwards from, the 
surrounding electrode wire. Although the surface coverage of 
electrodeposited metal was relatively poor, the process gave rise to some 
interesting aesthetic effects. The final deposit was weakly adherent. 
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Sample No. 151 
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Sample No. 152 

Preparation 
A sample of window glass was 
(i) selectively sandblasted to produce a heavily/roughly abraded surface 
(ii) meticulously cleaned using a solvent degreaser and alkali based 

detergent before being rinsed and dried in warm air. 

Metallization Technique - Conductive adhesive 
A transparent, viscous, silicone sealant was applied to the mechanically 
abraded surfaces of the glass, and textured using a palette knife and 
modelling tools. High purity copper powder was then liberally sprinkled 
on to the silicone sealant before it was left to harden and cure. Any 
unadhered, excess, loose powder was freely discharged from the prepared 
surface. The left-hand side of the sample was resisted using black 
insulating tape before the sample was introduced to the electroplating 
solution. 

Electrodeposition 
Metallized surface area: 21 cm2 (3.3 sq") 

Deposition rate: 2.0 A/dm2 (20 Asf) 
Actual amps: 0.46 amps 

Plating duration: 52 minutes (1 hour) 

Observations 
A very high voltage was required to overcome the initial resistance/inertia 
to successful electrodeposition (a reading of 0.1 amps - 0.1 volts was 
registered during the early stages of the plating process). Once the 
metallized film had received a coherent and continuous surface coverage 
of copper, the current density spontaneously rose to 3.0 A/dm2 (30 Asf) - 
(0.69 amps). Plating was allowed to continue for a further 3 hours. 

Result 
The good surface coverage of electrodeposited metal was only rendered 
feasible through the application of a very high current density, which 
encouraged the copper to "tree" and form as a rough hispid growth around 
the fringes/peripheral edges of the deposit. 

The cohesive bonding strength at the interface between the glass and 
the silicone sealant was an important factor in determining the degree of 
adhesion in the final deposit. This was moderate/good and can therefore be 
recommended for practical exploitation by the A/C. 
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Sample No. 152 
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Sample No. 155 

Primary Processing 

Preparation 
A structural framework/composition was fabricated from a montage of 
miscellaneous materials and found objects. This consisted of a variegated 
assortment of tree bark and branches, sections of copper mesh, gauze, 
open weave fabric, coarsely textured string, aluminium chicken wire, 
washers and copper wire beaten into various shapes and forms. The 
materials were collaged to form an assemblage, which was temporarily 
joined together using a combination of sewing, binding and gluing 
techniques. Once fabricated the skeletal framework was coated with two 
films of 'Covolac', to stiffen the structure and render it acid resistant and 
impervious to the electroplating solution. 

Metallization Technique - Copper lacquer/paste 
Cannings copper bronze powder and binding lacquer No. F67406 were 
mixed together in a ratio of 5 gms paste to 10 ml of lacquer to form a 
grainy, viscous metal paste which was liberally applied to the framework. 
This was left to harden and cure overnight. On drying the structure was 
supported and suspended from a specially designed jig, which was 
weighted at the base to alleviate problems of buoyancy and floatation 
during the electroplating process. The jig structure and supporting 
framework were then transferred to the electroplating solution. 

Electrodeposition 
Metallized surface area: 130 cm2 (20.15 sq") 

Deposition rate: 1.0 A/dm2 (10 Asf) 
Actual amps: 1.4 amps 

Plating duration: 12 hours, followed by 20 hours at 2.0 A/dm2 
(20 Asf). 

Result 
There was a good surface coverage of metal, which enabled the framework 
to become completely encapsulated in a fairly thick, durable, adherent film 
of electrodeposited copper. This effectively united and coalesced the 
components to produce a single coherent structure which was both rigid 
and strong. Due to the high CD, the metal formed dense callous like 
encrustation's and swollen bead-like nodules of metal on the more exterior 
edges of the form, but was more thinly and uniformly distributed on the 
central areas of the framework. The copper had a satinized, semi-bright, 
appearance. 
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Secondary Processing 

Preparation 
On completion the electrodeposited framework was rinsed and dried. 
Small sections of flashed and stained glass were cut and positioned in a 
fairly random fashion across the surface of the structure and securely 
attached using copper wire. 

Procedure 
The whole framework was then transferred to a kiln, where it was 
supported on bricks and fired to a slumping temperature of 750°C 
(1382°F). 

Result 
On annealing the structure was extracted from the kiln. The electroplated 
framework had remained rigid, this enabled the glass (depending upon its 

softening point and composition) to distort, bend, fuse, stretch, and slump 
through the open areas of the reticulated framework. Furthermore, certain 
areas of the glass had discoloured slightly to take on an iridescent surface 
pallor. During the firing cycle the electroplated copper framework had 
undergone surface oxidation. This produced a black scale, which was 
removed to reveal the underlying metal using a toothbrush dipped in 
pumice and 10% sulphuric acid. The framework was finally rinsed and 
dried. To achieve a more aesthetically pleasing effect, the framework 
could either be replated to produce a brighter and more lustrous surface 
finish, or treated to produce a richly coloured surface patina. 
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