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ABSTRACT: Selective laser melting (SLM) is a disruptive additive manufacturing technology that 
makes metal parts directly from 3D models in an automate layer-wise manner. Numerous studies 
have been carried out to examine the effects of various factors, such as laser power, scanning 
parameter, powder feedstock shape, substrate temperatures etc, on the microstructure and 
mechanical properties of SLM-built parts. The present work focused on the influence of chamber 
oxygen concentration towards the SLM-built stainless steel 316L (SS316L) parts. Chamber oxygen-
induced amorphous silicon-enriched nano-particles have been found to be ubiquitous in SLM-built 
SS316L parts. However, the contribution of these nano-particles towards the built part’s mechanical 
properties is still unclear. Three batches of SS316L samples with varying chamber oxygen 
concentrations of 0.08 mol%, 0.16 mol% and 0.24 mol% were fabricated by SLM. Tensile and 
Vickers hardness tests were conducted. Backscatter Electron Microscopy was employed to elucidate 
the mechanisms of these amorphous nano-particles on the overall mechanical performance. 
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INTRODUCTION 

Since its discovery in 1990s, metal additive manufacturing (AM) has advanced tremendously 
(Frazier, W.E. 2014). Unlike conventional methods such as casting, forging and molding, metal AM 
offers more design freedom. Complex shaped parts can be manufactured in a one-step manner. 
Moreover, due to the refined energy source, fast cooling rates are experienced due to localized 
heating. It in turn creates more dislocations and martensitic phases within the built parts (Haase, C. 
et al, 2017). Selective laser melting (SLM) is a type of powder-bed fusion metal AM method. It uses 
laser as the energy source to selectively melt over each layer of powder according to the pre-defined 
3D computer aided design (CAD) data.  

Many attempts have been carried out trying to understand the effects of various factors towards the 
final built microstructure and mechanical properties of built part. Some of the widely studied factors 
including laser power input, hatch spacing, substrate temperature and powder morphology etc. 
Stainless steel 316L (SS316L) is a popular material for metal AM. Due to its good combination of 
mechanical properties and corrosion resistance, it is widely used in marine offshore, biomedical and 
nuclear plants (Sun, Z. et al, 2016). 

Previous studies have shown the presence of amorphous nano-inclusions within SLM built SS316L 
(Sun, Z. et al 2016; Wang, Y. et al 2018). It is well known that nonmetallic inclusions are detrimental 
to the mechanical properties of steels in conventional manufacturing processes (You, D. et al (2017). 
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However, the nano-inclusions formed in SLM are much smaller in size and few studies have 
examined the contribution of nano-inclusions towards the mechanical properties of SLM built 
samples. This work focuses on the influence of chamber oxygen concentration towards the nano-
inclusion formation and thereafter the mechanical properties. 
 
EXPERIMENTAL 
 
Figure 1(a) shows a SLM 250 HL machine from SLM Solutions Germany. During operation, the 
laser energy source is controlled by the XY deflection lenses to scan according to the user-specified 
3D data. The build platform will then lower down by one-layer thickness before recoater deposits 
another layer of fresh powders. The process repeats itself until the final product is manufactured. 
Gas-atomized powders are preferred due to their great flowability and shape consistency. Powders 
with a Gaussian distribution in the range of ~20 to 63 m were employed in the current work as 
shown in Figure 1(c).  
 

                                       
Figure 1 (a) SLM 250 HL machine form SLM Solutions Germany. (b) Chamber schematics. (c) Typical powder size using 

in SLM. 
 
Three batches of samples were fabricated with a laser power input of 380 W. Chamber oxygen 
concentration levels were varied from 0.08 mol% to 0.16 mol% and 0.24 mol%, while all other 
processing parameters were kept the same. Near-net-shape tensile coupons were built with a gauge 
length of 12 mm and a cross-sectional area of 3 × 1 mm2. Samples were ground with #320 sand 
papers before tensile test with a strain rate of 2.65e-4 s-1. Contact mode extensometer was removed 
after 1% of elongation. Standard polishing procedures were carried out before backscatter electron 
(BSE) microscopy and Vickers microhardness tests (Sun, Z. et al 2016). Nano-particle size and 
distribution analysis were conducted with ImageJ software. 
 
RESULTS AND DISCUSSION 
 
As-built tensile coupons are shown in Figure 2. As the chamber oxygen level increases, the 
surface color of the tensile coupons changes from silver to brown. It suggests more 
oxidation might have taken place as the amount of chamber oxygen was increased (Li, Z. 
L. et al 2009).  
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