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Table 1 Chemical composition and oxygen content of the spherical Ti6Al4V powder (w/%)

Al \% Fe

C 0 Ti

5.8 4.1 0.3

0.1 0.13 Bal.

F2 SLM IEFNIZSH

Table 2 Processing parameters of SLM

Power/ Scanning speed/ Hatch spacing/ Layer thickness/ Laser energy density/
Sample W mm s pm pm Jmm?®
1 160 500 110 50 58.2
2 140 400 110 50 63.6
3 180 500 110 50 65.5
4 160 400 110 50 727
5 180 400 110 50 81.8
6 140 300 110 50 84.8
7 160 300 110 50 97.0
8 180 300 110 50 109.1
9 140 200 110 50 127.3
10 160 200 110 50 145.5
11 180 200 110 50 163.6
12 120 100 110 50 218.2
13 140 100 110 50 254.5
14 160 100 110 50 290.9
15 180 200 110 50 163.6
16 180 200 110 50 163.6
17 180 200 110 50 163.6
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Fig.1 Surface morphologies of some ground and polished samples with different LED: (a) 58.2 J/mm?, (b) 72.7 JImm?®, (c) 97 J/mm®,

(d) 163.6 I/mm?®, (e) 218.2 J/mm?, and (f) 290.9 J/mm°
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Table 3 N, concentrations and LED value in SLM process

Nitrogen content, Laser energy density/

Sample 1% ——
11 0 163.6
15 3 163.6
16 10 163.6
17 30 163.6
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Fig.6 XRD patterns of the samples fabricated by SLM in
different N, concentrations atmospheres (the insets are
enlarged views of the (002) diffraction peak)
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Fig.7 SEM microstructures of the samples fabricated by SLM in different N, concentrations atmospheres: (a, e) sample 11,

(b, f) sample 15, (c, g) sample 16, and (d, h) sample 17
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Fig.8 SEM microstructures and EDS analysis results of the sample fabricated in 30% N, atmosphere: (a) SEM image; (b) EDS of
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Table 4 Relative density and hardness of the samples fabricated by SLM in different N, concentrations atmospheres

Nitrogen content, ¢/% 0 3 10 30
Relative density/% 99.8240.06 99.8440.04 99.73#0.03 99.7240.02
Microhardness, HV/X 9.8 MPa 395.92+2.42 419.61+7.24 458.76 £3.69 544.89+1.45
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Fig.12 Fracture SEM morphologies of sample 15 (a, d), 16 (b, €) and 17 (c, f)
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Microstructure and Mechanical Properties of In-Situ Laser Additive Manufactured
TiN Reinforced Ti6Al4V Matrix Composites Based on Gas-Liquid Reaction

Zhu Lei'?, Wu Wenjie', Fan Shugian®, Zhang Kaiwang?, Wei Wenhou*
(1. Chongging Key Laboratory of Additive Manufacturing Technology and Systems, Chongging Institute of Green and Intelligent
Technology, Chinese Academy of Sciences, Chongging 400714, China)
(2. School of Physics and Optoelectronics, Xiangtan University, Xiangtan 411105, China)

Abstract: The Ti6Al4V alloys were fabricated by selective laser melting (SLM) technology. The effect of laser energy density (LED) on
the relative density, microhardness, compression strength and plasticity of the Ti6Al4V alloys was studied. Effects of N, concentration on
microstructure and mechanical properties of the Ti6AlI4V matrix composites were studied. The results show that the optimum LED
processing window for SLM of Ti6Al4V alloys is in the range of 84.8~163.6 J/mm°. In the optimum LED window, the TiN reinforced
Ti6Al4V matrix composites were fabricated by SLM in different N, concentrations (3vol%, 10vol% and 30vol%) atmospheres based on
gas-liquid reaction. The composite fabricated by SLM in 3vol% N, atmosphere exhibits a good combination of high strength and high
plasticity. The strengthening and toughening mechanisms were studied.

Key words: selective laser melting; titanium matrix composites; laser energy density; TiN; gas-liquid reaction
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