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Abstract

The laser powder bed fusion is an additive manufacturing process which uses powdered metal in order to create
complex shapes, it uses lasers for melting the metal powders. In this a bio-medical grade metal powder is used i.e., SS
316L by using iFusion 150 metal 3D printing machine, it uses Yb - Fibre laser in order to melt the SS 316L powder to
the required shapes. The iFusion 150 metal 3D printer uses laser powder bed fusion (LPBF) technology. Mechanical
properties like compression strength, micro hardness was examined and found an average of 1340.697 MPa
compression strength, 206 BHN hardness values. Their micro structures were examined.
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1. Introduction

The usage of SS 316L had increased numerously in the bio medical fields, due to its high corrosion resistance behaviour.
By using additive manufacturing techniques like selective laser sintering intricate shapes can easily be manufactured,
compared to that of conventional manufacturing processes.

The laser powder bed fusion (LPBF) is a powder based additive manufacturing technique which is the most studied
additive manufacturing process. Process parameters like laser type, powder attributes etc., makes this process a bit
complex [1].

Several process parameters can be varied while performing the fusion based additive manufacturing process to obtain
different properties to the manufactured material.[2]

The selective laser sintering is a process where the metal powder is deposited layer - by - layer in order to obtain the
desired shapes [3].

Highly porous SS 316L was produced by using powder metallurgy process, which includes SLS (Selective Laser
Sintering) process and the elastic modulus and compressive strength of porous SS 316L with porosity of approximately
50% are comparable to those of human cortical bone. [4]. For using the SS 316L metal in biomedical applications
corrosion resistance has to be checked, so an additively manufactured component of SS316L were analysed with its
counter parts, a higher pitting resistance and improved stability of the additively produced SS 316L was ascribed to its
dense structure of oxide coating and precise microstructure. [5].

In order to produce high porosity metal parts, the fabrication circumstances that lead to specific melting of the powder
particles should be employed [6].
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In the present study SS 316L metal were additively manufactured, by using the SS 316L metal powder using IFusion
150 metal 3D printer.

1.1. Experimental Work

The metal SS 316L has good corrosion resistance and mechanical properties that’'s why it is very suitable for the bio
medical applications. To obtain precise and intricate shapes in case of fractures etc., this SS 316L is fabricated using this
additive manufacturing process. The composition of the SS 316L is given in the table 1

Table 1 Composition of SS 316L

Material | Cr Ni Mo Mn | Si P N C S Fe
SS316L 17.18 | 12.81 | 2.47 | 0.92 | 0.55 | 0.33 | 0.06 | 0.029 | 0.007 | Bal

Two types of samples were manufactured using the iFusion 150 metal fusion 3D printing machine. The dimensions of
the samples are 15mm x 20mm cylindrical sample and 15mm x 4mm tablet shaped samples.

The laser which is used in the 3D printer is Yb - Fibre laser, which melts the SS 316L powdered material into the
required sizes. The images regarding the manufactured samples are shown below.

Figure 1 iFusion 150 metal fusion 3D printing machine and Fabricated Samples

The bigger samples were used for testing the compression tests, and the smaller ones were used for finding the micro
hardness tests.

The mechanical characteristics of the additively produced SS 316L were investigated using compression and
microhardness tests.

Large and irregular shaped voids are formed due to lack of heat transfer, at low energy heat inputs during the SLM
process [7].

1.2. Compression Test

The compression tests were performed on the 15mm x 20mm samples, in order to find the ultimate compression
strength of the additively manufactured SS 316L sample.
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Figure 2 UTM Machine

The elastic modulus and other mechanical characteristics of the porous SS 316L are sufficiently similar to those of
cancellous bone. [8].

The compression tests for the additively manufactured SS 316L were conducted on a total of three samples, and the
compression strengths for the respective samples were found to be as 1333.744MPA, 1342.715MPA, 1345.632MPA

respectively. By taking the average of these values the compression strength was 1340.697MPA, at an average ultimate
load of 238.4KN

AlSi10Mg made by the SLM process shows ductile manner and the samples doesn’t fractured during the compressive
loading [9].
1.3. Hardness Test

The hardness values of the samples were examined by using Rockwell Cum Brinell Hardness tester having an indenter
size of 5mm by applying a load of 250Kgf on the samples and IS 1500 (PART - 1): 2019 test procedure were followed
for the hardness test.

In a total of three samples were tested with three indentations on each sample, and the results the hardness tests were
as shown in the table 2.

Table 2 Hardness test results

Sr.No | Name Of Sample | BHN VALUES

BHN-1 | BHN-2 | BHN-3 | Average
1. SS316L-1 207 207 202 205.33
2. SS316L-2 202 207 202 203.67
3. SS316L-3 205 206 207 206

After the hardness test the Brinell hardness of the samples were noted as 206BHN. By taking the highest value which is
obtained at the sample - 3 (SS 316L - 3).

The Vickers hardness of the FVS0812 alloy made by SLM has significantly improved compared to the as - cast alloy [10].

1.4. Microstructural Analysis

The microstructure of the LPBF SS 316L were examined using SEM.
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The SLM 316L stainless steel received had several sub-grains, and after solution heat treatment, the dislocations in the
sub-grain border shifted and vanished. [11]

The Al-8.5Fe-1.3V-1.7Si alloy powder and SLM treated samples shared similar constituent phases, including a-Al,
Al12(Fe,V)3Si, and h-Al13Fe4. [10]

005273

Figure 3 SEM image of LPBF SS 316L
The SEM analysis was conducted to examine if there are any changes or differences are present in the additively
manufactured SS 316L in comparison with the conventional SS 316L metal. The SEM is conducted at 20um scale and

700x zoom.

As like the conventional SS 316L we can observe the presence of Nickel, Chromium in the additively manufactured SS
316L. Also, we can observe the austenitic grain structure in the SEM image of the additively manufactured sample.

The fast cooling of the Ti-6Al-4V manufactured by SLM process results in the rise of martensitic phase [12].

Large grains are observed at the centre of each laser tracks and refined microstructure is evolved [13].

2. Conclusion

The mechanical tests and microstructural analysis for the additively manufactured SS 316L was successfully done, and
the tests to find the mechanical properties like compression and microhardness were done.

The average compression strength of the additively manufactured SS3116L is found to be 1340.697MPA at an average
ultimate load of 238.4KN.

The Rockwell Cum Brinell hardness strength of the sample is found to be 206BHN, which is almost near to the maximum
Brinell hardness of commercial SS 316L i.e., 216 BHN.

The microstructure of the SS 316L sample shows the presence of the materials like nickel, chromium and austenitic
phase which are present in the commercial SS 316L.

By considering the mechanical and microstructural analysis it is clear that the SS 316L which is manufactured by the
LPBF process is suitable for making the intricate shapes in the use of bio medical implants etc.

Compliance with ethical standards

Disclosure of conflict of interest

No conflict of interest to be disclosed.

33



World Journal of Advanced Engineering Technology and Sciences, 2025, 14(02), 030-035

References

[1]

[2]

[5]

[6]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

].P.Oliver, A.D.Lalonde “Processing parameters in laser powder bed fusion metal additive manufacturing”
Materials and Design 0264-1275 https://doi.org/10.1016/j.matdes.2020.108762

Meet Gor, Harsh Soni “A Critical Review O Effect of Process Parameters on Mechanical And Microstructural
Properties of Powder-Bed Fusion Additive Manufacturing of SS 316L” 2021
https://doi.org/10.3390/mal14216527

Alida Mazzoli “Selective Laser Sintering in Bio Medical Engineering” Med Biol Eng Comput (2013) 51:245-256
D0I110.1007/s11517-012-1001-x.

Montasser m. Dewidar, khalil a Khalil et.al., “Processing and mechanical properties of porous 3 16L stainless steel
for biomedical applications” Trans. Nonferrous Met. Soc. China 17(2007) 468-473.

M.]. K. Lodhi, K. M. Deen, et.al., “Additively manufactured 316L stainless steel with improved corrosion resistance
and biological response for biomedical applications” https://doi.org/10.1016/j.addma.2019.02.005.

Khairul Amilin Ibrahim, Billy Wu, Nigel P. Brandon, “Electrical conductivity and porosity in stainless steel 316L
scaffolds for electrochemical devices fabricated using selective laser sintering” Materials and Design 106 (2016)
51-59. http://dx.doi.org/10.1016/j.matdes.2016.05.096.

Joon-Phil Choi, Gi-Hun Shin et.al,, “Densication Behavior of 316L Stainless Steel Parts Fabricated by Selective
Laser Melting by Variation in Laser Energy Density” Materials Transactions, Vol. 57, No. 11 (2016) pp. 1952 to
1959. doi:10.2320/matertrans.M2016284.

Fangxia Xie, Xinbo He et.al,, “Structural and mechanical characteristics of porous 316L stainless steel fabricated
by indirect selective laser sintering” Journal of Materials Processing Technology 213 (2013) 838-843,
http://dx.doi.org/10.1016/j.jmatprotec.2012.12.014.

Nesma T. Aboulkhair, Alex Stephens et.al.,, “Mechanical Properties Of Selective Laser Melted Alsil0mg: Nano,
Micro, And Macro Properties”.

Zheng Lijing, Liu Yingying et.al, “Selective laser melting of Al-8.5Fe-1.3V-1.7Si alloy: Investigation on the
resultant microstructure and hardness” Chinese Journal of Aeronautics, (2015),28(1): 564-569,
http://dx.doi.org/10.1016/j.cja.2015.01.013.

Decheng Kong, Chaofang Dong et.al., “Mechanical properties and corrosion behavior of selective laser melted
316L stainless steel after different heat treatment processes” Journal of Materials Science and amp; Technology
(2019), https://doi.org/10.1016/j.jmst.2019.03.003.

Lore Thijs, Frederik Verhaeghe et.al.,, “A study of the microstructural evolution during selective laser melting of
Ti-6A1-4V” Acta Materialia 58 (2010) 3303-3312, doi:10.1016/j.actamat.2010.02.004.

T. Gustmann, A. Neves et.al,, “Influence of Processing Parameters on the Fabrication of a Cu-Al-Ni-Mn Shape-
Memory Alloy by Selective Laser Melting” http://dx.doi.org/doi:10.1016/j.addma.2016.04.003.

Ruidi Li, Jinhui Liu et.al, “316L Stainless Steel with Gradient Porosity Fabricated by Selective Laser Melting”
Journal of Materials Engineering and Performance, Volume 19(5) July 2010, DOI: 10.1007/s11665-009-9535-2.

Jyoti Suryawanshi, K.G. Prashanth et.al., “Mechanical behavior of selective laser melted 316L stainless steel”
Materials Science &Engineering A, 13 April 2017, http://dx.doi.org/10.1016/j.msea.2017.04.058.

Zhongji Sun, Xipeng Tan, Shu Beng Tor, “Selective laser melting of stainless steel 316L with low porosity and high
build rates” (2016), doi: 10.1016/j.matdes.2016.05.035.

A. B. Spierings, G. Levy, “Comparison of density of stainless steel 316L parts produced with selective laser melting
using different powder grades” SFF Symposium 2009.

J. A. Cherry, H. M. Davies et.al., “Investigation into the effect of process parameters on microstructural and
physical properties of 316L stainless steel parts by selective laser melting” Int ] Adv Manuf Technol (2015)
76:869-879, DOI 10.1007/s00170-014-6297-2.

E. Yasa, J-P. Kruth “Microstructural investigation of Selective Laser Melting 316L stainless steel parts exposed to
laser re-melting” Procedia Engineering 19 (2011) 389 - 395, d0i:10.1016/j.proeng.2011.11.130.

34


https://doi.org/10.1016/j.matdes.2020.108762
https://doi.org/10.3390/ma14216527
file:///C:/Users/vivek/Downloads/DOI%2010.1007/s11517-012-1001-x
https://doi.org/10.1016/j.addma.2019.02.005
http://dx.doi.org/10.1016/j.matdes.2016.05.096
doi:10.2320/matertrans.M2016284
http://dx.doi.org/10.1016/j.jmatprotec.2012.12.014
http://dx.doi.org/10.1016/j.cja.2015.01.013
https://doi.org/10.1016/j.jmst.2019.03.003
doi:10.1016/j.actamat.2010.02.004
http://dx.doi.org/doi:10.1016/j.addma.2016.04.003
doi:%2010.1007/s11665-009-9535-2
http://dx.doi.org/10.1016/j.msea.2017.04.058
doi:%2010.1016/j.matdes.2016.05.035
file:///C:/Users/vivek/Downloads/DOI%2010.1007/s00170-014-6297-2
doi:10.1016/j.proeng.2011.11.130

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

World Journal of Advanced Engineering Technology and Sciences, 2025, 14(02), 030-035

Hongyu Chen, Dongdong Gu, etal, “Microstructure and composition homogeneity, tensile property, and
underlying thermal physical mechanism of selective laser melting tool steel parts” Materials Science &
Engineering A 682 (2017) 279-289, http://dx.doi.org/10.1016/j.msea.2016.11.047.

Nesma T. Aboulkhair, Nicola M. Everitt, et.al.,, “Reducing Porosity In Alsil0mg Parts Processed By Selective Laser
Melting” 12-8-2014, http://dx.doi.org/10.1016/j.addma.2014.08.001.

Lore Thijs, Karolien Kempen, et.al., “Fine- structured aluminium products with controllable texture by Selective
Laser Melting of pre-alloyed AlSi10Mg powder” Full bibliographic details: Acta Materialia 61 (2013), pp. 1809-
1819, 10.1016/j.actamat.2012.11.052.

Jyoti Suryawanshi, K.G. Prashanth, et.al,, “Simultaneous enhancements of strength and toughness in an Al-12Si
alloy synthesized using selective laser melting” Acta Materialia 115 (2016) 285e294, 2016,
http://dx.doi.org/10.1016/j.actamat.2016.06.009.

A. Riemer, S. Leuders, et.al, “On the fatigue crack growth behavior in 316L stainless steel manufactured by
selective laser melting” Engineering Fracture Mechanics 120 (2014) 15-
25http://dx.doi.org/10.1016/j.engfracmech.2014.03.008.

R. Casati, J. Lemke, M. Vedani “Microstructure and Fracture Behavior of 316L Austenitic Stainless Steel Produced
by Selective Laser Melting” Journal of Materials Science & Technology, (2016), http://dx.doi.org/doi:
10.1016/j.jmst.2016.06.016.

Itziar Tolosa, Fermin Garciandia, et.al,, “Study of mechanical properties of AISI 316 stainless steel processed by
“selective laser melting”, following different manufacturing strategies” Int ] Adv Manuf Technol (2010) 51:639-
647,D0110.1007/s00170-010-2631-5.

Wei Qingsong, Li Shuai, et.al.,, “Selective laser melting of stainless-steel/nano-hydroxyapatite composites for
medical applications: microstructure, element distribution, crack and mechanical properties” Journal of
Materials Processing Technology, (2015), http://dx.doi.org/doi:10.1016/j.jmatprotec.2015.02.010.

G. Miranda, S. Faria, et.al., “Predictive models for physical and mechanical properties of 316L stainless steel
produced by  selective laser  melting” Materials Science &Engineering A, (2016),
http://dx.doi.org/10.1016/j.msea.2016.01.028.

Erhard Brandl, Ulrike Heckenberger, et.al., “Additive manufactured AlSi10Mg samples using Selective Laser
Melting (SLM): Microstructure, high cycle fatigue, and fracture behavior” Materials and Design 34 (2012) 159-
169, (2012) doi:10.1016/j.matdes.2011.07.067.

35


http://dx.doi.org/10.1016/j.msea.2016.11.047
http://dx.doi.org/10.1016/j.addma.2014.08.001
file:///C:/Users/vivek/Downloads/10.1016/j.actamat.2012.11.052
http://dx.doi.org/10.1016/j.actamat.2016.06.009
http://dx.doi.org/10.1016/j.engfracmech.2014.03.008
http://dx.doi.org/doi:%2010.1016/j.jmst.2016.06.016
http://dx.doi.org/doi:%2010.1016/j.jmst.2016.06.016
file:///C:/Users/vivek/Downloads/DOI%2010.1007/s00170-010-2631-5
http://dx.doi.org/doi:10.1016/j.jmatprotec.2015.02.010
http://dx.doi.org/10.1016/j.msea.2016.01.028
doi:10.1016/j.matdes.2011.07.067

