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Abstract 

In this study the relationship between Selective Laser Melting (SLM) process 

parameters, associated pore de ects and resulting tensile properties o  additively 

manu actured (AM) pure (99.9%) silver structures are investigated using X-ray 

Computed Tomography (XCT) and 3D visualisation analysis. Yield strength, 

Young’s Modulus,  ailure strain and ultimate tensile strength o  AM pure silver are 

reported. Furthermore,  racture sur aces o  the samples are analysed using optical 

microscopy and Scanning Electron Microscopy (SEM) to investigate  racture sur ace 

porosity content and sur ace roughness is analysed using digital microscopy. Pore 

de ect distribution, morphology and resultant pore sur ace area are reported, and 

average pore size calculated in relation to SLM process parameters variations. It was 

 ound that sample yield and ultimate tensile strengths o  pure silver have a direct 

correlation with energy density at the powder bed related to SLM process parameters 

selected. However, Youngs Modulus values were  ound to be dependent on the 

average porosity pore size rather than sample density or number o  pores. SLM pure 

silver bulk density was evaluated using XCT comparative analysis while varying 

SLM parameters and the resultant pore de ect morphology and distribution 

discussed. The results reported in this work serve as a basis  or  urther material 

development and mechanical property predictions utilising XCT analysis  or pure 

silver and other nonstandard SLM materials. 
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1. Introduction 

Additive Manu acturing (AM) is a manu acturing technique which joins materials rather than 

 orming or subtracting materials as with more traditional technologies [1]. There are many AM 

processes (powder bed, direct deposition and extrusion) and materials (polymer, ceramic and 

metal) [2,3] where material is usually added layer by layer to create 3D components de ined by 

digital data [1]. Selective Laser Melting (SLM) is an AM technique which typically uses high-

powered laser energy  or SLM metal alloys and metal matrix composite materials layer upon 

layer [4–6]. 

SLM allows the  abrication o  near  ully dense complex metallic structures that are di  icult or 

impossible to manu acture through traditional manu acturing technologies [7,8]. There ore SLM 

is experiencing interest  rom high value sectors such as aerospace, automotive and biomedical 

[9–12]. However, the SLM process is complex and involves material alloying, chemical reactions, 

material absorptivity, laser di  usion and scattering, heat trans er and material phase 

trans ormation [13]. As such the mechanical properties produced by the SLM process are a result 

o  parameters related to material  eedstock, build process and post processing techniques [14] o  

which there is in excess o  130 variables [14]. 

The wide range o   eedstock material and process variables as well as manu acturing variations 

have been shown to e  ect several material characteristics including sur ace roughness [15] 

microstructure [16] and density. All o  which have the potential to lead to porosity de ects within 

AM components [14,17–19]. Furthermore, the e  ects o  porosity type, and distribution,  or AM 

materials are not  ully understood. This is predominantly due to lack o  understanding between 

the associated  eedstock and process variables [20–22], particularly  or novel nonstandard 

materials such as silver [23]. Understanding the relationship between  eedstock and process 

parameters on  abricated component de ects is critical to analyse the mechanical properties and 

potential  ailure modes o  AM materials and components [24,25]. Accordingly, this work reports 

the e  ects o  SLM process parameters on component density, porosity de ects and mechanical 

properties o  AM pure silver. 

Silver is highly re lective with high thermal and electrical conductance [26,27] whilst having 

antimicrobial properties [28]. Silver and silver alloys are being researched  or applications 

including electronic, biomedical, renewable energy and thermal management [26–29]. Previous 

processing o  silver and silver alloys utilising SLM Additive Manu acturing (AM) has seen limited 

attention with varying success [23,30]. However, the powder  eedstock composition, morphology, 

distribution and SLM processing parameters have been shown to have a signi icant e  ect on AM 

processability [23,29,30] and resultant thermomechanical properties [29,31]. Recent studies have 

investigated the  abrication o  3D cube structures utilising SLM and atomised pure silver powder 

concluding the processing o  pure silver utilising SLM is  easible [30]. However, signi icant 
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porosity de ects were highlighted through Optical and Scanning Electron Microscopy (SEM) 

analysis. 

Manu acturing de ects can have a negative e  ect on AM  abricated components [18,32,33] and 

while traditional metallographic preparation and analysis techniques such as mechanical 

grinding, polishing and chemical etching can be combined with SEM and optical microscopy 

analysis to o  er an insight into component microstructure [34] and density these techniques o  er 

limited in ormation in regards o  AM pore de ect morphology, size and distribution. Recently X-

ray Computed Tomography (XCT) has been used  or these investigations as it is a none 

destructive analysis technique  or 3D visualisation o  AM component density and de ect 

distribution [35,36]. The work presented in this study reports the relationship between SLM 

process parameters and component density and tensile properties  or AM pure silver structures 

which to the authors knowledge are yet to be reported in literature. Manu acturing porosity 

de ect type and distribution are described through XCT 3D visualisation and  racture sur aces 

are analysed utilising SEM and optical microscopy techniques. Accordingly, the relationship 

between AM process parameters on resultant density and Youngs Modulus, ultimate tensile 

strength, yield strength and strain  ailure  or various SLM process parameters o   abricated pure 

silver structures are reported. 

2. Materia  and methods 

The investigations presented in this paper were carried out on an EOS M290 industrial grade 

AM system using atomised pure (99.9%) silver powder (Fig 1) supplied by Legor Group S.p.A. 

Powder morphology and Particle Size Distribution (PSD) have been shown to a  ect the 

 lowability and packing density o  AM powders [21] and there ore can dictate the 

thermomechanical behaviour o  powders during the AM process [21]. 

(a) (b) 

Fig 1. Scanning Electron Microscopy (SEM) image  or 99.9% pure silver powder showing (a) powder morphology 

and (b) satellite particles distribution. 
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Previous studies [30] investigated the powder morphology and particle distribution 

characteristics o  pure silver powder using dynamic image analysis and concluded that with a 

D10 o  18.8 μm, D50 o  27.6 μm and D90 o  38.6 μm the pure silver powder had a suitable 

morphology and particle distribution  or SLM processing [30]. Fig 1 shows Scanning Electron 

Microscopy (SEM) images o  the pure silver powder utilised  or this study. Fig 1a highlights the 

spherical morphology o  the powder particles which is desired  or the SLM process to enhance 

both the packing density and  lowability o  the powder [21]. However, the presence o  numerous 

satellite particles seen in Fig 1b could negatively a  ect the packing density and  lowability o  

the powder which could in turn e  ect powder delivery to the exposure area. 

The SLM process utilised in this study  eatures a 400 W laser with 100 µm spot size and all 

builds were completed in an argon atmosphere with oxygen content in the process chamber 

below 0.1%. The process was carried out on substrates heated to 35°C and standard rotation 

scanning strategy and 30 µm layer thicknesses were kept constant  or all builds. Following on 

 rom previous studies tensile samples (Fig 2) were  abricated using 400 mm/s and 800 mm/s 

scan speeds at hatch distances o  0.15 mm, 0.16 mm, 0.18 mm and 0.20 mm to ascertain 

di  erences in energy density input at the powder bed. Small tensile samples were  abricated to 

reduce material usage and cost related to pure silver. 

(a) (b) 

Fig 2. Pure s lver tens le test samples (a) as bu lt on bu ld substrate and (b) follow ng EDM 

and tens le test ng. 

Fig 2a shows tensile test samples  abricated using SLM and pure silver powder as built on build 

substrate. Following  abrication all samples were removed  rom the build plat orm using none 

contact Electrical Discharge Machining (EDM) techniques. Quasi-static mechanical tests were 

carried out using a Zwick Roell 1474 universal testing machine at a rate o  0.06 mm/s. A Bruker 

Skyscan 2211 X-ray nanotomograph was used to analyse sample pore de ects distribution and 
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morphology. Scan parameters utilised were 360° scan with 0.05° step increments and two  rames 

per increment. Fracture sur ace was then analysed using optical microscopy and SEM techniques. 

3. Resu ts and discussion 

3.1. Tensi e performance 

Silver with high re lectivity, thermal and electrical conductance [26,27] and antimicrobial 

properties [28] is o interest  or electrical, biomedical, renewable energy and thermal management 

applications [26–29]. However, little is known regarding pure silver SLM processability and 

resultant mechanical properties. Accordingly, Fig 3 presents the stress-strain (� � �) curve  or 

AM pure silver tensile samples with varying scan speed and hatch distances. The per ormance 

parameters such as the Yield strength (��), Youngs Modulus (E),  ailure strain (��) and ultimate 

tensile strength (UTS) values and corresponding hatch distances values can be seen in Fig 4. 

(a) (b) 

Fig 3. Stress-strain curve  or AM pure silver at 0.15, 0.16, 0.18 mm and 0.20 mm hatch distances at (a) 400 mm/s 

scan speed and (b) 800 mm/s scan speed. 

Previous studies [30] on SLM pure silver have shown success ul single-track  abrication widths 

between 0.15 mm and 0.18 mm where optimum scan speeds were identi ied to be between 

550 mm/s and 800 mm/s  or continuous stable track  ormation [30]. However, 3D structures 

 abricated using these scan speed parameters were also shown to result in signi icant porosity 

creation bringing into question the correlation between single track  ormation and dense 3D 

structures. Furthermore, it has been shown that SLM process parameters e  ect porosity and 

mechanical properties [37–39] with increased energy resulting in reduced porosity. There ore, to 

 urther investigate the e  ects o  SLM process parameters on porosity content and mechanical 

properties o  pure silver the parameters selected  or this study have lower scan speeds and larger 

hatch distance than previous studies to increase and reduce the energy density respectively. 

There ore, hatch distances between 0.15 mm and 0.20 mm and scan speeds o  400 mm/s and 

Page 5 o  18 



    

                

               

                

               

                

                 

              

                 

                

        

  

  

  

  

                   

                  

               

                 

 
 

  

   

   

 
 

  

   

   

 

  

   

   

 

  

   

   

800 mm/s were selected  or this study. 400 mm/s scan speeds saw yield strength decrease as 

hatch distance increased  rom 67.02 MPa to 41.86 MPa; a di  erence o  37% (25.16 MPa) 

between 0.15 mm and 0.20 mm hatch distances. 800 mm/s scan speeds also saw yield strength 

decrease as hatch distance increased however the rate o  decrease was smaller at 14%  rom 

52.9 MPa to 45.53 MPa; an absolute di  erence o  7.37 MPa. Youngs modulus  or both scan 

speeds (400 and 800 mm/s) varied between 10.11 GPa and 16.39 GPa; a di  erence o  62% with 

no obvious correlation with SLM parameters used. However, as with increase in hatch distance, 

a higher scan speed o  800 mm/s resulted in sti  er parts as represented by 5b. Nevertheless, as 

can be seen a similar bimodal trend can be observed as the hatch distance increases although 

the absolute values o  the Young’s modulus di  er. 
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Fig. 4. In luence o  hatch distance and scan speed on the mechanical per ormance o  SLM pure silver where (a) 

shows the e  ect on Yield strength, (b) Young’s modulus, (c)  ailure strain and (d) Ultimate tensile strength 

Energy density at the powder bed e  ected by scan speed and hatch distance variations had 

direct e  ect on yield strength (Fig. 4a) but not Youngs modulus (Fig. 4b) values o  the samples. 
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Failure strain results varied between 14.91% and 6.74% with maximum de ormation also seen 

with 400 mm/s scan speed and 0.15 mm hatch distance parameters which also had the highest 

yield strength. Overall yield and ultimate strength directly related to energy density input at 

the powder bed with the highest and lowest per orming yield and ultimate tensile strengths being 

the smallest and largest hatch distance values respectively. Overall smaller hatch distances were 

shown to give higher yield strength and ultimate tensile strength. To  urther evaluate tensile 

per ormance X-ray Computed Tomography (XCT) was used to analyse pure silver sample 

density and porosity de ect distribution, morphology and content. The highest and lowest yield 

strength samples  or 400 mm/s scan speeds were 0.15 mm and 0.20 mm hatch distances. 

There ore, these samples were selected and analysed in comparison to 800 mm/s scan speed and 

0.15 mm hatch distance sample which had the highest yield strength yet lowest Youngs modulus 

o  the 800 mm/s scan speed samples. Furthermore, the  racture sur ace o  400 mm/s scan speed 

at 0.16 mm and 0.15 mm hatch distances were analysed with SEM and optical microscopy. 

3.2. X-ray Computed Tomography 

While optical and scanning electron microscopy analysis supply an indication o   abricated 

component density and sur ace de ects, they o  er limited in ormation on morphology and 

distribution o  internal de ects o  the  abricated structures. While porosity size can be evaluated 

using traditional techniques, porosity morphology and volumetric distribution throughout the 

sample is not visible. In this regard, XCT is a none destructive analysis technique that has 

recently seen increasing investigation towards becoming an established tool  or AM de ect 

analysis [32,35]. 

Incorrect powder  eedstock properties such as PSD and  lowability can lead to nonuni orm 

powder layer delivery and porosity de ects. However, porosity de ects can also occur due to laser 

and material interaction and process and scanning strategy parameters [19]. Lack o   usion, 

blowhole and keyhole porosities have been shown to be created while SLM processing o  pure 

silver, however, the pore de ect size and distribution in ormation is limited with optical 

microscopy and SEM 2D analysis techniques. Accordingly, XCT analysis was conducted to 

ascertain 3D porosity morphology and distribution and the e  ects related to selected SLM 

process parameters, pure silver tensile properties and material  ailure. 

XCT analysis was conducted utilising a Bruker Skyscan 2211 X-ray nanotomograph. Although 

XCT analysis is a valuable tool  or nondestructive analysis, the results to a large extent is 

dependent on the scanning and threshold parameters set during the process. XCT analysis is a 

good technique  or comparative analysis rather than absolute analysis as the process can be 

easily adjusted and the threshold between good separation between density and porosity is 

subjective and is set using the histogram by the user. Furthermore, XCT analysis will generally 

underestimate total porosity due to the limitation o  resolution. The maximum porosity that 
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will be visible with con idence will be a minimum o  5 pixels. There ore, the size o  porosity that 

can be detected is dependent on the pixel size set during XCT scanning set up. Although camera 

resolution and pixel size can be adjusted as part o  XCT set up the minimum pixel size is limited 

dependent on the size o  the sample being processed. Any porosity below the set range may be 

seen but will appear less bright in the scan. For this reason, all samples were scanned with the 

same XCT scanning, threshold and reconstruction parameters to ensure any notable changes in 

porosity was due to the AM manu acturing parameters and not the XCT scanning operation 

and analysis. As samples were compared in like  or like structures at the same pixel resolution, 

we can be con ident that the di  erences in density and porosity de ects was due to AM  eedstock 

material and process parameters used  or manu acturing. 

3.3. Porosity Defect 3D Visua isation 

The bulk density, closed pore porosity content and sur ace area  or all the samples evaluated 

using XCT analysis are presented in Table 1 while the corresponding X-ray absorption 3D 

visualisations  or 800 mm/s 0.15 mm and 400 mm/s at 0.15 mm and 0.20 mm samples are shown 

in Fig 5. 

Scan speed Hatch Bu k Number Surface of Average pore 

(mm/s) distance density of c osed c osed pores size (mm2) 

(mm) (%) pores (mm2) 

400 0.15 99.8 166 2.196 0.0132 

400 0.16 86.5 1374 11.242 0.0082 

400 0.18 96.0 2452 38.321 0.0156 

400 0.20 94.0 3421 26.900 0.0079 

800 0.15 99.5 532 7.419 0.0139 

800 0.16 98.5 1580 13.597 0.0086 

800 0.18 99.8 323 1.917 0.0059 

800 0.20 94.6 2270 15.300 0.0067 

Tab e 1. XCT pore de ect properties  or SLM pure silver samples with 400 and 800mm/s scan speeds and 0.15, 

0.16, 0.18 and 0.20 mm hatch distances parameters. 

X-ray absorption rates varied  or all samples. 3D visualisations were created (Fig 5) where 

relatively dense material (high X-ray absorption) was represented by 1 (blue) while 0 (black) 

represented relatively low X-Ray absorption and there ore potential porosity voids. Overall lower 

hatch distance values (0.15 mm) corresponded with higher material density (Fig 5a and 5b). To 

analyse pore de ect morphology and distribution throughout the samples the internal closed pore 

porosity voids were isolated and can be seen highlighted in red in Fig 6. 
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(a)

a

(b) (c) 1 mm 

Fig 5. XCT X-ray absorption visualisation  or (a) 0.15 mm hatch distance 400 mm/s scan speed (b) 0.15 mm hatch 

distance 800 mm/s scan speed. and (c) 0.20 mm hatch distance and 400 mm/s scan speed. 

Energy density at the powder bed resulting  rom varying SLM scan speed parameters can be 

seen to a  ect not only porosity distribution throughout the sample but also porosity morphology 

and there ore the number and sur ace area o  the pore de ects. While bulk density was shown to 

be comparable  or both 0.15 mm hatch distance and 400 mm/s and 800 mm/s being 99.8% and 

99.5% respectively the number o  pores and there ore the sur ace area o  those pores varied 

signi icantly. 

( ) (b) (c) 

1 mm 

Fig 6. XCT 3D visualisation o  porosity content and distribution  or (a) 0.15 mm hatch distance 400 mm/s scan 

speed (b) 0.15 mm hatch distance 800 mm/s scan speed. and (c) 0.20 mm hatch distance and 400 mm/s scan speed. 

The scan speed o  400 mm/s resulted in the lowest number o  closed pore de ects o  166 in 

comparison to 532  or 800 mm/s under identical hatch distance. 400mm/s scan speed (Fig 6a) 

can be seen to produce larger irregular shaped porosity de ects con ined to certain regions o  the 
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(a)

sample while 800 mm/s scan speed (Fig 6b) also created smaller porosity de ects distributed at 

a larger proportion throughout the sample. Reducing energy density at the powder bed  urther 

by maintaining a 400 mm/s scan speed while increasing the hatch distance to 0.20 mm increased 

the number o  pores to 2270 while reducing sample density to 94.6% as shown in Fig 6c. 

Porosity de ects produced during the SLM process have seen signi icant investigation [18,19,40] 

and are generally characterised to be either lack o   usion, keyhole and blowhole de ects [19]. 

While keyhole and blowhole pore de ects are spherical in shape and are caused by trapped gas, 

lack o   usion porosity appear as larger irregular shaped pores [19]. These can be caused by 

insu  icient powder delivery and/or insu  icient energy at the powder bed. Furthermore, powder 

morphology as well as unoptimised parameters  or speci ic sample areas, such as incorrect bulk 

and contour parameters could result in pore de ect generation. 

(b) (c) 
300 µm 

Fig 7. XCT 3D visualisation o  porosity morphology  or (a) 0.15 mm hatch distance 400 mm/s scan speed (b) 

0.15 mm hatch distance 800 mm/s scan speed. and (c) 0.20 mm hatch distance and 400 mm/s scan speed. 

Fig 7 shows porosity morphology  or 0.15 mm hatch distance at 400 mm/s and 800 mm/s and 

0.20 mm hatch distance and 400 mm/s scan speed. Fig 7a highlights the larger irregular shaped 

pore morphology produced by 400 mm/s scan speed and 0.15mm hatch distance suggesting lack 

o   usion porosity de ects. Fig 7b highlights an increase in  iner porosity distribution with an 

increase in scan speed while Fig 7c highlights a signi icant increase in pore de ects due to larger 

hatch distance o  0.20 mm. The porosity morphology and distribution in Fig 7b and Fig 7c 

suggests that reducing energy density at the powder bed with either increased scan speed or 

larger hatch distance increases keyhole and blowhole porosity de ects throughout the samples. 

Fig 7a suggests that although laser energy at the powder bed is higher due to the relatively 

slower scan speed the porosity produced is lack o   usion porosity. There ore, the samples 

produced have su  ered  rom either insu  icient powder delivery due to powder  eedstock and/or 

insu  icient energy at the powder bed due to unoptimised parameters. Further analysing pore 

distribution XCT 3D visualisations  or samples in Z and X views were created and can be seen 
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  1 mm 

in Fig 8. While it can still be seen that pore content increases with increased hatch distance it 

can also be seen that the lack o   usion porosity  or both 400 mm/s scan speed 0.15 mm hatch 

distance (Fig 8a) and 800 mm/s scan speed 0.15 mm hatch distance (Fig 8b) is more prevalent 

in the outer contour areas o  the samples. 

(a) (b) (c) 

Fig 8. XCT 3D visualisation o  porosity content and distribution  or (top) Z view and (bottom) X view at (a) 

0.15 mm hatch distance 400 mm/s scan speed (b) 0.15 mm hatch distance 800 mm/s scan speed. and (c) 0.20 mm 

hatch distance and 400 mm/s scan speed. 

Although 800 mm/s 0.15 mm hatch distance (Fig 8b) has higher porosity values, the bulk area 

 or both 400 mm/s (Fig 8a) and 800 mm/s (Fig 8b) contain signi icantly less porosity content 

than the larger hatch distance o  0.20 mm (Fig 8c) which is likely due to lack o   usion porosity 

 orming between laser scan paths due to the larger hatch distance. Lack o  usion porosity content 

within the contour regions is likely due to unoptimised SLM contour parameters which were not 

considered in the scope o  this study. 
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3.4. Surface Roughness 

The sur ace quality o  AM structures in luences resultant component mechanical and thermal 

properties [41,42] and while rough sur ace  inish is usually not desired due to its relation with 

reduced strength [42–44], rough sur aces can also be bene icial  or certain applications such as 

thermal trans er through enhanced  luid  low and mixing [41,45]. Previous studies investigating 

common AM materials including stainless steel, titanium, aluminium and cobalt chrome have 

reported both positive and negative e  ects o  varying SLM laser power, hatch distance and scan 

speed parameters on sur ace quality and strength o   abricated components [42–44,46,47]. 

However, sur ace quality analysis o  more novel SLM materials have seen less investigation with 

SLM pure silver sur ace roughness yet to be reported. Accordingly, the sur ace roughness o  an 

as built SLM pure silver structure is reported with the aim o  aiding  uture SLM process 

parameter optimisation. SLM contour parameters remained constant at 400 mm/s 0.15 mm  or 

this study and there ore this sample was selected as a representative sample o  sur ace roughness. 

100 µm 

Fig 9. Digital microscope images o  horizontal AM pure silver as built sur ace roughness and sur ace pro ile. 

Digital microscopy techniques were utilised to generate sur ace roughness pro iles  or horizontal 

(Fig 9) and vertical (Fig 10) sur aces and average peak and trough deviation (Ra) recorded. Ra 

values o  5.89 µm  or horizontal sur aces and 16.03 µm  or the vertical edge were recorded. While 

 urther parameter optimisation and development should result in improved sur ace quality  or 

SLM pure silver the Ra values recorded are comparable with Ra values reported  or current 

materials such as titanium Ra = ⁓10.3 µm [48] Cobalt chrome Ra = ⁓ 8-12 μm [46] and 

aluminium Ra = ⁓ 4.32-7.50 µm [47] respectively. 

Page 12 o  18 

http:4.32-7.50


    

 

                  

  

              

            

                

               

                  

            

 

                    

         

  

  

100 µm 

Fig 10. Digital microscope images o  vertical AM pure silver as built sur ace roughness and sur ace pro ile. 

3.5. Fractography 

Following tensile testing the  racture sur aces o  each sample were investigated using optical and 

SEM microscopy. Fig 11 shows comparative optical microscopy images o   racture sur aces 

produced  or 400 mm/s and 0.15 mm and 0.16 mm scan speeds and hatch distances. Unmolten 

powder particles are clearly visible at both  racture sur aces where lack o   usion porosity de ects 

have been created during the AM process. This could be due to poor laser absorption o  the pure 

silver material and/or the requirement  or  urther SLM process parameter development. 

(a) (b) 

Fig 11. Optical microscopy image o  AM pure silver  racture sur aces  or 400 mm/s scan speed at (a) 0.16 mm 

hatch distance and (b) 0.15 mm hatch distance. 
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Further SEM analysis (Fig 12) was also conducted on 800 mm/s scan speed and 0.16 mm hatch 

distance  racture sur ace as this sample had the highest Youngs Modulus o  all samples which 

also con irmed the lack o   usion porosity voids and unmolten powder. Overall, the  ractography 

shows that the  ailure is signi icantly in luenced by the de ects and the mechanical per ormance 

can be optimised by reducing the porosity de ects by optimising the SLM process parameters. 

(a) (b) 

Fig 12. SEM images o  AM pure silver  racture sur ace  or 800 mm/s scan speed and 0.16mm hatch distance 

showing (a) lack o   usion porosity de ects and (b) unmolten powder particles. 

Evaluating the stress-strain curve shown in Fig. 3 in conjunction with  ractography (Fig. 12) it 

was clear that the strain associated with  ailure was representative o  a ductile material. 

However, a moderate ductile classi ication was most appropriate as the per ormance and 

associated  ailure o  all Ag samples exceeded a 5% strain but  alls close to or below 10% at 

 ailure. The reason  or moderate ductile behaviour can be identi ied  rom the SEM  ractography 

(Fig. 12) which reveals the SLM porosity aiding  ailure. As a result o  this the samples were 

unable to exhibit pure ductile per ormance attributed to traditionally manu actured silver that 

is homogeneous in nature. However, an appreciable amount o  permanent plastic de ormation 

accompanies the  racture that was largely mani ested macroscopically across the cross-section in 

the  orm o  distortion. 

4. Conc usions 

In this study pure silver tensile samples were  abricated using SLM AM. Scan speed and hatch 

distance SLM parameters were varied to ascertain the relationship between AM pure silver 

density and pore de ect properties and yield strength, Youngs Modulus, yield strain and ultimate 

tensile strength. XCT analysis and 3D visualisation techniques were utilised to veri y the 

corresponding porosity morphology and distribution throughout the samples. SEM and optical 

microscopy techniques were then used to analyse the pure silver  racture sur aces and digital 

microscopy utilised to analyse SLM pure silver sur ace roughness. SLM scan speed and hatch 

distance parameters were shown to have a signi icant e  ect on pore de ect creation, morphology 
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and distribution within SLM pure silver structures. Porosity morphology, content and 

distribution varied signi icantly as energy density at the powder bed was altered through SLM 

parameter adjustment, which in turn e  ected pure silver density and mechanical per ormance. 

Generally, as hatch distances increased the number o  pore de ect and there ore sur ace area o  

those pore de ects within the sample bulk areas increased. This was due to lack o   usion 

porosities being created between laser scan paths due to the larger distances between laser scans. 

Yield strength and ultimate tensile strength  or all scan speed samples was seen to reduce as 

hatch distance increased. Porosity morphology and average pore size was seen to have the most 

signi icant e  ect on Youngs Modulus values. When average pore size was calculated the samples 

with the largest average pore size >0.0132 mm2 had the lowest Youngs Modulus values. Smaller 

 iner distributed pore de ects (weather lack o   usion, keyhole or blowhole) resulted in a higher 

Youngs Modulus. A higher bulk density resulted in higher yield and ultimate strength with 

Youngs Modulus being a  ected by pore de ect morphology. Bulk density values as high as 99.8% 

are reported  or pure silver and SLM. Overall, it is clear that contour process parameters require 

 urther optimisation to reduce lack o   usion pore de ects within these regions. However, sur ace 

roughness was shown to be comparable with current SLM materials. Samples were shown to  ail 

at lack o   usion porosity regions with unmolten powder clearly visible in SEM and optical 

microscopy analysis o  the  racture sur aces. The mechanical properties o  AM pure silver can 

be altered through SLM process parameter adjustments resulting in di  erent densities within 

the bulk and contour regions. Pore de ect morphology and distribution within these regions was 

shown to e  ect yield strength and Youngs Modulus o  the samples di  erently. These results o  er 

the potential  or  uture work regarding custom yield strength and Youngs Modulus creation 

through lattice structure design o  bulk and contour regions. These are preliminary results that 

o  er a benchmark  or SLM pure silver. 
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