Journal of Advanced Materials and Technologies: Vol. 13, No. 2, (Summer 2024), 63-73

Journal of Advanced Materials and Technologies

Materials and Energy
Research Center

Journal Homepage: www.jamt.ir MERC

Original Research Article - Extended Abstract

The Effects of Energy Density on the Density and Microstructure of 316L
Stainless Steel Produced by Selective Laser Melting

Mohammadamin Bakhtiarian *>, Alborz Fathi Younesi?, Hamid Omidvar >4

1 MSc, Department of Materials and Metallurgical Engineering, Amirkabir University of Technology, Tehran, Iran.
2 Master of Material Science and Engineering, University of Tehran, Tehran, Iran.
3 Associate Professor, Department of Materials and Metallurgical Engineering, Amirkabir University of Technology, Tehran, Iran.
4 Center for International Scientific Studies and Collaborations (CISSC) of Iran, Tehran, Iran.

*Corresponding Author’s Email: Omidvar@aut.ac.ir (Hamid Omidvar)

Paper History:
Received: 2024-04-14
Revised: 2024-05-08
Accepted: 2024-09-16

Keywords:

Stainless Steel 316L,
Selective Laser Melting,
Energy Density,
Relative Density,
Microstructure

https://doi.org/10.30501/jamt.2024.451706.1299

Abstract The selective laser melting process is one of the additive manufacturing processes of metals in which a
laser beam melts selected areas on a powder bed and creates the parts in layers. One of the important challenges
of this method is to make a part without any defects and reaching 100% density. The material selected for this
study is stainless steel 3y1L powder and the NOURA M100P machine was used to make the samples. In this

research, six samples with different energy densities were made from 160 j/mm3 to 260 j/mm3. After making the
samples, their density was measured by the Archimedes method. A sample made with an energy density of 220
j/mma3 has the highest relative density of 97.93. By examining the microstructure of the printed samples, it was
determined that the samples have grain boundary cracks and incomplete fusion cavities and keyhole phenomenon.

URL.: https://www.jamt.ir/article 205941 .html

1. INTRODUCTION

This study investigates the influence of energy
density on the density and microstructural features of 316
L stainless steel fabricated using SLM, a pioneering
technique in the field of additive manufacturing of
metals. SLM allows the layer-by-layer production of
metal parts, relying on the selective melting of metal
powders by a high-power laser (Bakhtiarian et al., 2024).
Full density and reduction of defects, including porosity,
cracks, and keyhole formation, remain some of the
important challenges in this process (Pilehrood et al.
2021). This study aims to investigate the influence of
different energy densities on the component quality
fabricated by SLM, with an emphasis on the optimization
of parameters that will enable defect-free production.
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Figure 1: SEM image of the stainless steel 316L powder used
in this study.

2. RESULTS AND DISCUSSION

In this study, 316 L of stainless-steel powder was
employed, and six samples were fabricated using a
NOURA M100P machine with energy densities ranging
between 160 and 260 JJmm3. At figure 1, the morphology
of the stainless-steel powder indicates spherical shapes,
which provide good flowability and uniformity within
the powder layer during the SLM process.

As illustrated at figure 2, the evolution of sample
density with energy input. Insufficient energy densities
resulted in incomplete fusion, whereas higher energy
densities (> 240 J/mmg3) resulted in the formation of
keyhole defects.
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Figure 2: The relationship between energy density and
relative density of the printed samples

Further evidence regarding the effects of energy
density on defect formation was obtained from the
microstructural examination. Figure 3(a) shows that the
specimens produced at lower energy densities
demonstrated incomplete fusion and large spherical
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pores, while the specimens built with higher energy
densities demonstrated keyhole defects owing to
excessive energy input.

The localized thermal stress led to melt pool
instability (Qu et al., 2022), which in turn created keyhole
defects, as shown in Figure 3(b) These types of defects
can significantly reduce the mechanical properties of a
material and lead to premature failure during structural
use (Liverani et al., 2017).

Significantly, the specimen manufactured at an
energy density of 220 J/mm?3 displayed the fewest
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defects, as shown in Figure 3(c) the microstructure of this
specimen was almost devoid of porosity, suggesting that
this energy density approached the ideal level for the
fabrication of high-density defect-free components.

No keyholes were present in this sample, and the fusion
was incomplete. This indicates that 220 Jmm3 is
sufficient energy to melt the powder without overheating
or making the melt pool unstable (Wang et al., 2023).
These results emphasize the importance of optimizing
energy density in the SLM process.

Figure 3. (a) Optical micrographs of microstructure, (b) showing the defects (keyhole and incomplete fusion) at different energy
densities, (c)Microstructure of the sample fabricated at 220 J/mm3, showing minimal defects and nearly no porosity.

Tablel. The hardness test’s results.

Sample Energy Density) j/mm3( Scanning Speed (mm/s) Vickers hardness (HV)
D-1 198 800 200
D-2 158 1000 201
D-3 132 1200 213
D-4 113 1400 210
D-5 99 1600 219
D-6 88 1800 209
D-7 79 2000 195
D-8 72 2200 193
D-9 66 2400 185

In addition to density and microstructural analysis,
the hardness of the samples was also measured using the
Vickers hardness test. The results, summarized in Table
1, show that hardness increased with energy density up
to a point, reaching a maximum hardness of 219 HV at
220 J/mm3, which corresponds to the sample with the
highest density. As energy densities continued to rise
beyond this point, the formation of keyhole defects and
excessive grain growth led to a decrease in hardness
values (Tucho et al., 2018).

The hardness results match the microstructural
results, which can be seen in Figure 3. The highest
hardness was found at 220 J/mm3, which means there
were the fewest holes and the best grain structure.
Conversely, at higher energy densities, excessive heat
caused grain coarsening and defect formation, reducing
the material's hardness.

A low energy density leads to poor melting and low
bonding between the layers. When the energy density
was too high, keyhole defects, grain boundary cracks,
and increased porosity occurred (Brennan et al., 2021).
In this case, the identification of an ideal energy density
of 220 J/mm3 allows a high density of the part with
minimal microstructural defects, as shown in Figure 3.c,

where a sample shows minimal development of a keyhole
or voids in the structure.

This work contributes to the literature of additive
manufacturing by explaining the relationship between the
energy density and quality of manufactured parts. By
optimizing the process parameters, particularly the
energy density, manufacturers can improve the
mechanical properties and structural strength of 316 L
stainless steel components. Further optimization of the
scanning speed, laser power, and post-processing
techniques could be performed in future research work to
enhance the mechanical performance and reduce defects
in SLM-manufactured parts. This work may be used in
space, automotive, and biomedical engineering industries
owing to the demand for high-performance, defect-free
components.
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