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Effect of Protective Atmosphere on Microstructure and Properties of
316L Stainless Steel Fabricated by Laser Additive Manufacturing

GU Yufen, CHEN Jipeng, LI Guang’, SHI Yu

State Key Laboratory of Advanced Processing and Reuse of Nonferrous Metals, Lanzhou University of Technology, Lanzhou 730050, China

Abstract: This study investigates the influence of different protective atmospheres (argon and nitrogen) on the microstruc-
ture and mechanical properties of 316L stainless steel fabricated by laser wire additive manufacturing, aiming to optimize
the laser additive manufacturing process for 316L stainless steel. High-speed laser wire additive manufacturing technology
was employed to prepare 316L stainless steel specimens under pure argon and pure nitrogen atmospheres. The microstruc-
ture, including grain size, orientation, and phase composition, was characterized using scanning electron microscopy (SEM),
electron backscatter diffraction (EBSD), and X-ray diffraction (XRD). Mechanical properties were evaluated using tensile
testing, and fracture morphology was analyzed. The results show that the microstructure of 316L stainless steel under both
argon and nitrogen atmospheres is primarily austenitic, with a small amount of ferrite distributed at the austenite grain
boundaries. The average grain size under nitrogen atmosphere (59 pm) is smaller than that under argon atmosphere (66 pum),
and the size of oxide inclusions is also reduced. Nitrogen, as a strong austenite-forming element, promotes austenite nucle-
ation and refines the grains. Tensile tests reveal that the specimens under nitrogen atmosphere exhibit higher tensile strength
(602.9 MPa) and yield strength (220.5 MPa) compared to those under argon atmosphere (549.5 MPa and 201.3 MPa, respec-
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tively), along with improved elongation. Fracture analysis indicates that both atmospheres result in ductile fracture, with

smaller oxide inclusions under nitrogen atmosphere, thereby enhancing the strength and plasticity of the laser wire additive

manufactured 316L stainless steel.
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Table 1 Chemical composition of 316L welding wire (wt. %)

C Si Mn P S Cr Ni Mo Fe
<0.03 0.65~1.00 1.0~2.5 <0.03 <0.03 18~20 11~14 2.0~3.0 Bal.

R2 HEHEMBIETZSH

Table 2 Laser additive manufacturing process parameters

B EA/mm  FOERW ZIRA REEE/ (mmesT)
1.2 2 000 80 42
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50 17 200 Ar/N,
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Fig.2 Size diagram of tensile specimen
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Fig.3 Macroscopic morphology of 316L stainless steel fabricated by

laser wire additive manufacturing
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Table 3 EDS point scan results (wt. %)

JLE o) Cr Mn Fe Si
mil 21.52 11.44 21.25 25.79 9.46
m2 10.28 15.55 11.55 4435 493
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Fig. 5 Grain orientation diagram of 316L stainless steel additive speci-

men under different protective atmospheres
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Fig. 6 Grain statistics of 316L stainless steel additive specimens under

different protective atmospheres
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Fig. 8 The stress-strain curve of 316L stainless steel additive specimen
under different protective atmospheres
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Table 4 Tensile properties of 316L stainless steel additive specimens

under different protective atmospheres
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Fig. 9 Fracture SEM images of 316L stainless steel additive specimens

under different protective atmospheres
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