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Table 1 Chemical compositions of HNS powder

Element Mn Cr Mo
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Fig. 1 HNS powder . (a) Morphology; (b) particle size distribution
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Table 2 Volume energy density for each set of laser parameters

Sl S
1 160 190. 5
2 200 400 238.1
3 240 285.7
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Fig. 3 Schematic of laser scanning direction for SLM formed

metallographic specimen and tensile specimen
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B 5 A E, T SLM BUE A (Y B 80 8 A . (a) E.=190.5 J-mm *B M6 )5 (b)E,=238.1J-mm *if (6% M8 A5
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Fig. 5 Cross-section photos of SLM formed samples under different E,. (a) Optical photo when E,=190.5 J-mm *; (b) optical photo
when E,=238.1J-mm’; (c) optical photo when E,=285.7 Jemm° ; (d) SEM photo when E,=238.1 J-mm™*
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Fig. 8 Microstructures of SLM formed samples under different E,. (a) E,2=190.5J-mm % (b) E,=238.1J-mm*; (¢) E,=285. 7 J-mm %

(d) local magnification of microstructure in box area in Fig. 8(b)
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Fig. 10 Fracture morphologies of tensile specimens formed by SLLM under different E,. (a)(d) E,=190.5 J-mm ° (b)(e) E,=
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Microstructure and Mechanical Properties of High-Nitrogen Stainless
Steel Manufactured by Selective Laser Melting

Li Yuan, LiTao, Liulie, Wang Kehong
Key Laboratory of Controlled Arc Intelligent Additive Manufacturing Technology, Ministry of Industry and Information
Technology, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu ,China

Abstract

Objective High-nitrogen steel has high strength, good corrosion resistance, and low cost. However, its difficulty in
processing hinders its application. In this study, selective laser melting (SLLM) is used to manufacture high-nitrogen
stainless steel, which is suitable for manufacturing complex components and ensuring good mechanical properties. This
study focuses on the effects of the laser volume energy density on the nitrogen content, relative density, phase

composition, microstructure, and mechanical properties of manufactured samples.

Methods In this study, the self-made high-nitrogen steel powder is used, and a vacuum heating furnace is used to
dehydrate the powder before the experiment. Three laser parameters are designed for additive experiments. The
nitrogen content and relative density of the specimens are measured after grinding and polishing. Phase analysis is
performed using X-ray diffraction (XRD). The tensile strength is measured using a universal testing machine and the
fracture morphologies of the tensile specimens are observed using scanning electron microscopy. The relationship
between the microstructure and mechanical properties is studied. In addition, the phase compositions of the sample
before and after a tensile test are measured using high-energy synchrotron XRD to analyze the strengthening mechanism.

Results and Discussions The study shows that, when the laser volume energy density increases from
190.5 J-mm *to 285.7 J*mm °, the tensile properties first increase and then decrease (Fig. 9). When the laser power
is 200 W, the laser scanning speed is 400 mm/s, and the laser volume energy density is 238. 1 J*mm™°, the specimen
exhibits the best mechanical properties with the tensile strength of 1275. 0 MPa and elongation of 14.7%. The nitrogen
content(mass fraction) of the specimen reaches 0.76% (Table 3), and the relative density of the specimen is 99. 8%
(Fig. 6). An appropriate laser volume energy density can improve the relative density and increase the solubility of
nitrogen in the material. Supersaturated nitrogen plays an important role in solid solution strengthening in the austenite
lattice, which then improves the tensile strength and elongation of the additive-manufactured components. Plastic
transformation triggers the deformation-induced ferrite transformation (DIFT) effect. The transformation of austenite to

ferrite enhances the strength and toughness of the material.

Conclusions In this study, high-nitrogen stainless steel is manufactured via SLM. The microstructure primarily
comprises austenite with a small amount of ferrite. After process optimization, with a laser power of 200 W and laser
scanning speed of 400 mm/s, the manufactured parts demonstrate the highest relative density of 99.8%. They show
excellent mechanical properties, with tensile strength of 1275 MPa and elongation of 14.7%. Microstructural studies
show that the laser volume energy density affects the nitrogen content of the specimen. An increase in the austenite
content leads to an improvement in the mechanical properties. Simultaneously, Cr,N precipitates remain in the sample at
low volume energy densities. When the volume energy density is high, numerous circular pores appear in the sample,
which cause premature failure during the tensile test. Our study shows that high-nitrogen stainless steel components with
high relative density and excellent mechanical properties can be obtained by optimizing the laser volume energy density,

which leads to the development of SLM for high-nitrogen steel.

Key words laser technique; laser additive manufacturing; high nitrogen steel; selective laser melting; microstructure;

deformation induced ferrite transformation; mechanical property
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