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Microstructure and Mechanical Properties of 316L Stainless Steel Reinforced

by Lanthanum Hexaborate Through Selective Laser Melting
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Abstract: In order to further improve the mechanical properties of 3161 stainless steel parts formed by laser
selective melting, 316L stainless steel powder was added with LaB; rare earth material, and its influence on
the microstructure, microhardness, tensile properties and wear resistance of the formed samples was
analyzed. The results show that: The selective laser melting (SLM) forming process window of 316L
stainless steel with a small amount of LaB; added is offset, and the laser power density could be further
reduced when the same dense parts are obtained; the added LaB; rare earth material changes the melting
behavior of 3161. material molten pool, refines the average crystal grains, and improves the microhardness,
tensile strength, yield strength and wear resistance.
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(b) Microstructure of
LaB powder

(a) Microstructure of 316L
stainless steel powder

(d) SLM forming of LaB reinforced
stainless steel sample

(c) Microstructure of
LaB/316L powder

K1l R E AR
Fig.1 Morphology of test material
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Table 1 Chemical composition of 316L stainless steel

powder %

TLE C Mn Si P Cr Ni Mo Fe
43 %0 0.024 1.700 0.470 0.042 16.49 10.51 2.700 4y
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Table 2 Densification of 316L stainless steel formed by SLM

I (mes ) AL

100 W 120 W 140 W 160 W 180 W
0.6 87.68 88.54 90.97 93.21 95.42
0.8 86.13 88.24 93.27 96.65 98.23
1.0 90.02 93.37 96.62 97.09 99.02
1.2 89.18 91.20 92.96 95.28 97.76
1.4 88.20 89.28 91.25 93.07 95.20
1.6 86.62 88.31 90.27 91.33 93.37
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Table 3 Densification of LaB,/316L samples formed by SLM
B/ Y
G B/ (mes ) =7

100 W 120 W 140 W 160 W 180 W

0.6 89.75 91.26 92.19 90.53 87.56

0.8 91.50 93.95 96.42 94.21 90.25

1.0 94.61 96.98 98.71 97.87 93.20

1.2 93.06 96.82 95.62 92.15 89.70

1.4 92.70 94.30 94.52 91.01 89.30

1.6 92.30 93.35 92.67 89.70 88.48
®4 SIMABIZSH TR 0.1% B9 LaB,, b La e 05 1L %Y
Table 4 SLM forming process parameters J6.817X10 4, F W SLMHl & m ke & H
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Fig.2 XRD pattern of SLM forming sample
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(d) EBSD diagram of
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Fig.3 Organization chart of SLM forming sample
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Table 5 Microhardness of SLM forming parts

ik 1 2 3 4 5 6 7 HIH
316L(HV,5) 179.29 171.85 191.14 166.74 180.25 170.1 163.49 174.69
LaB,/316L(HV,;) 242.04 233.46 243.35 231.61 230.7 240.09 238.17 237.06
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(b) Stress-strain curves
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Fig.4 Drawing group of SLM forming sample
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Table 6 Ultimate tensile strength and elongation value of

tensile sample

il 1+ R BRYTHL SR/ MPa FEMHSR/ %
316L 606.87 32.17
LaB,/316L 637.02 24.17
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(a) 316L sample (b) LaB/316L sample
KI5 L ffAE £ i 1 SEM K
Fig.5 SEM of tensile sample fracture
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Fig.6  Friction curves of SLM forming sample
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Fig.7 Wear surface morphology of SLM formed samples
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