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Table 1 Chemical compositions of 3161 stainless steel powder
Element Cr Ni Mo Mn Si N C P S Fe
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Fig. 1 316L stainless steel powder. (a) Microstructure; (b) particle size distribution
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Fig. 2 SLM formed samples and size drawings of various samples. (a) SLM formed samples; (b) dimensions of tensile

specimens; (c) dimensions of impact specimens; (d) dimensions of fatigue specimens
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Table 2 Single factor test with preheating temperature as variable

Laser power Scanning speed

Serial number

Scanning spacing

Layer thickness Preheating temperature

P /W v /(mmes ') h /mm ¢t /mm T /C
1 400 900 0.05 0.03 Room temperature
2 400 900 0. 05 0.03 100
3 400 900 0.05 0.03 200
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Fig. 4 Microstructures of SLM samples at different preheating temperatures. (a) Room temperature; (b) preheating

at 100 °C; (c) preheating at 200 °C; (d) cross-sectional sketch
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Fig. 8 Impact energy of specimens at different preheating temperatures. (a) Horizontal direction; (b) vertical direction
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Fig. 9 Microstructures of impact fractures sampled along horizontal direction under different conditions. (a) Rolled sheet;

(b) room temperature; (c) preheating at 100 C; (d) preheating at 200 °C
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Fig. 11 Fatigue fracture morphologies of specimen under different preheating temperatures
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Effect of Preheating on Mechanical Properties of 316LL Stainless Steel
Fabricated by Selective Laser Melting

Xie Miaoxia , Xin Qike, Li Yanxin, Khan Muhammad Raza

School of Mechanical and Electrical Engineering, Xi’an University of Architecture and Technology, Xi'an,
Shaanxi 710311, China

Abstract

Objective The fundamental research of the selective laser melting (SLM) technology is a research hotspot at home
and abroad. Because of its good weldability, corrosion resistance, mechanical properties, and ductility, 316L
stainless steel has become one of the most widely concerned SLM materials. The characteristics of the SLM process
and its negative effects on fatigue performance have been the bottleneck of popularization and application of the SLM
technology. Preheating is a simple and easy method to control the microstructure and properties. It is used for SLM
forming of die steel, tool steel, and aluminum alloy with a large cracking tendency, which can effectively reduce the
residual stress, warping deformation, and local cracking tendency. However, the effect of preheating on the
mechanical properties of the selective laser melted 3161 stainless steel has not received much attention. In this
paper, the microstructure, microhardness, tensile properties, impact toughness, and fatigue properties of the
selected laser-melted 316L stainless steel at room temperature, preheated at 100 C and 200 C are systematically
investigated in order to expand the possible ways for improving the comprehensive properties of 316L stainless steel
manufactured by SLM.

Methods Using the JG-SLM260 selective laser melting equipment and the 316L stainless steel powder prepared by
the gas atomization method, the SLM tests of 316L stainless steel are carried out under the conditions of no
preheating, preheating at 100 C and preheating at 200 C , respectively. First, the relative density of the samples is
measured by the Archimedes drainage method. Then, the cross-sectional microstructure is observed under the Nikon
MAZ200 optical microscope. Vickers microhardness on the cross section of the sample is measured by the Qness semi-
automatic microhardness tester with the load of 200 g and the load retention time of 15 s. The tensile test and the
Charpy impact test are carried out at room temperature. In the tensile test, the tensile rate is 0.5 mm/min. The
tensile test and the Charpy impact test are repeated three times in each direction. The room temperature fatigue
tests are conducted by using Instron-1341, and the loading stress varies periodically in 150—0 MPa according to a
sinusoidal waveform, and the loading frequency is 20 Hz. The fracture morphologies of the tensile specimen, the
Charpy impact specimen, and the fatigue specimen are observed by the VEGA II XMU tungsten filament scanning
electron microscope (SEM). In addition, the properties of the 316L stainless steel are compared between SLM and
conventional rolling.

Results and Discussions It is found that preheating has little impact on the grain size. Preheating can increase the
density slightly and reduce the average Vickers microhardness by about 4% . The relative density of the sample with
a preheating temperature of 100 ‘C is the same as that of the sample prepared at room temperature, and the relative
density of the sample with a preheating temperature of 200 ‘C is higher by just 0. 1% than that of the sample
prepared at room temperature. The average hardnesses of the SLM samples at room temperature, preheated at
100 C and preheated at 200 ‘C are 366.1, 350.5, and 350.0 HV, respectively. The tensile strength of the rolled
316L sheet is 739.12 MPa. In the horizontal tensile direction, the tensile strengths of the SLM samples obtained at
room temperature, preheated at 100 C, and preheated at 200 ‘C are 816. 58, 784. 18, and 789. 78 MPa,
respectively. All of them are higher than the tensile strength of the rolled sheet. In the vertical tensile direction, the
tensile strengths of SLM samples obtained at room temperature, preheated at 100 C, and preheated at 200 C are
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658.9, 625.28, and 636.18 MPa, respectively. All of them are lower than the tensile strength of the rolled sheet.
The tensile strength increases slightly by preheating, but not significantly. In addition, the elongation of the SLM-
formed 316L sample is about 50 % of that of the rolled sheet, and its tensile strength under vertical loading is about
80% of that under horizontal loading. After preheating, the elongation of the 316L sample formed by SLM in
different directions increases by about 6%, and the tensile strength decreases by about 4% . Preheating has little
effect on the impact absorbing energy of the SLM sample at room temperature. The impact absorbing energy of the
SLM sample sampled horizontally at room temperature is about 47 % of that of the hot-rolled 316L stainless steel,
and that of the SLM sample sampled vertically is about 44 % of that of the hot-rolled 316L stainless steel. When
sampling in the horizontal direction, the numbers of cycles of the fatigue fracture of the SLM samples obtained at
room temperature, preheated at 100 ‘C, and preheated at 200 C are 560890, 1446426, and 1478941, respectively.
When sampling in the vertical direction, the numbers of cycles of the fatigue fracture of the SLM samples obtained at
room temperature, preheated at 100 C, and preheated at 200 C are 236070, 208394, and 218500, respectively.
The fatigue life of the SLM samples prepared at room temperature under a vertical cyclic load is about 42 % of that
under a horizontal cyclic load. Preheating has little effect on the fatigue life of the SLM specimens subjected to a
vertical cyclic load. The number of cycles of the sample subjected to the horizontal cyclic load increases obviously due
to preheating. The main reason may be that preheating can inhibit the formation of large size defects.

Conclusions Mechanical properties of the SLM 316L sample have significant anisotropy. The impact absorbing
energy of the sample prepared at room temperature is about 47 % and 44 % of that of the rolled plate, respectively,
when the sampling direction is in the horizontal direction and the vertical direction. The tensile strength of the SLM
samples prepared at room temperature under a vertical load is about 81. 6% of that under a horizontal load.
Preheating has little effect on the relative density and impact toughness. Preheating reduces microhardness by about
4% . After preheating, the tensile strength of the 316L sample formed by SLM decreases by about 4% and the
elongation increases by about 6% . Under the experimental conditions in this paper, preheating has little effect on the
fatigue life of the sample under a vertical load, but significantly improves the fatigue life of the sample under a
horizontal load. The main reason may be that preheating can inhibit the formation of large-size defects.

Key words laser technique; selective laser melting; preheating temperature; mechanical property; anisotropy
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