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Table 1 Chemical composition of Ti-6Al-4V powder (Wt%)

Al v Fe 0} Ti
59 3.92 0.022 0.14

Balance

Sid surface
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Fig.2 Sample placement diagram (a), scanning strategy (b), and

samples prepared by SLM (c)
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Table 2 Parameters of selective laser melting preparation process

Group  Power/W Scanning SCa.nning Thickness of
speed/mm's”  spacing/mm  powder/mm

1 300 500 0.17 0.08

2 300 600 0.16 0.08

3 300 700 0.15 0.08

4 300 800 0.14 0.08

5 300 850 0.14 0.08

6 300 500 0.17 0.16
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Fig.3 XRD patterns of Ti-6Al-4V prepared by SLM under different post-processing methods (a) and locally enlarged image with a phase degree

of 40°-42° (b)
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Fig.5 Surface defects of sample prepared from group 6: (a) top surface and (b) side surface
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Table 3 Surface roughness of samples under different groups

Group Roughness/pm Group Roughness/pm
1 6.732 4 13.776
2 7.036 5 22.752
3 13.496 6 24.653
x4 SEVEPREAREE
Table 4 Surface roughness in references

Ref. Test mode Roughness/pm

[15] Average roughness 17

[19] Upper surface 11.85-14.71

[19] Lower surface 13.24-23.07

[20] 3D 12

[20] 2D 18
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Fig.6 Surface morphologies images of samples manufactured from different groups: (a) group 1, (b) group 2, (c) group 3, (d) group 4, (e) group 5,

and (f) group 6
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Table S Comparison of preparation efficiency between this research and some references
Group or Ref. Scanning speed/mm-s™ Scanning spacing/mm Thickness of powder/mm Preparation efficiency/mm-s
1 500 0.17 0.08 6.8
2 600 0.16 0.08 7.68
3 700 0.15 0.08 8.4
4 800 0.14 0.08 8.96
5 850 0.14 0.08 9.52
6 500 0.17 0.16 13.6
[22] 1000 0.07 0.03 2.1
[23] 800 0.08 0.04 2.56
[24] 675 0.1 0.03 2.03
[25] 1000 0.1 0.03 3
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Fig.7 Optical microscopic morphologies of Ti-6Al-4V prepared by SLM:(a) top surface of group 1, (b) enlarged dashed box in Fig.7a, (c) top

surface of group 2, (d) side surface of group 1, (e) side surface of group 2
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Fig.8 SEM images of group 2: (a) top surface morphology, (b) enlarged square in Fig.8a, (c) side surface morphology, (d) enlarged square in

Fig.8c
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Fig.9 Microscopic morphologies of Ti-6Al-4V under different heat treatments: top surface (a), side surface (b) and SEM image of top surface (c)
of group 2 heat treatment at 700 °C; top surface (d), side surface (e) and SEM image of top surface (f) of group 2 heat treatment at 950 °C
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Fig.10 Ti-6Al-4V microstructure transformation at different cooling rates (a)*” and different temperatures (b)®”
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Table 6 Compression performance of different groups

Group o /MPa o/MPa &, /%
1 1286 1605 12.7
14700 °C 1245 1476 16.8
14950 °C 719 1379 18.7
2 1200 1593 15.1
2+700 °C 1019 1456 22.1
24950 °C 848 1359 222
3 1129 1450 14.7
3+700 °C 763 1283 20.9
3+950 °C 744 1204 224
4 1182 1462 13.2
4+700 °C 939 1323 20.2
4+950 °C 769 1262 224
5 1018 1428 15.1
5+700 °C 858 1256 21.3
5+950 °C 807 1196 20.8
6 997 1334 14.1
6+700 °C 707 1051 17.5
6+950 °C 660 983 19.5
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Fig.11 Compression fracture morphologies of the group 2: (a) as-prepared SLM surface; (b) 700 °C annealed surface, (c) 950 °C annealed

surface, (d) enlarged dimples in Fig.11a; (e) enlarged dimples in Fig.11b; (f) enlarged dimples in Fig.11c
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Fig.12 Compression fracture morphologies of the samples of different groups: (a) group 2, (b) group 5, and (c) group 6
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Effect of Heat Treatment on Selective Laser Melting Formed Ti-6A1-4V Titanium Alloy
with High Layer Thickness

Yao Bibo', Peng Yuyang', Li Zhenhua®, Liu Meihong', Li Hai', Wang Cong'
(1. Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming 650500, China)
(2. School of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: Increasing the layer thickness can significantly improve the preparation efficiency of selecting laser melting formed Ti-6Al-4V.
However, it leads to lower forming quality in comparison to the alloy with low layer thickness. Annealing heat treatment can improve the ductility
of titanium alloy prepared by selective laser melting, but the effect of annealing heat treatment on the sample with high layer thickness is not clear.
In this research, the Ti-6Al-4V with high layer thickness was fabricated by selective laser melting. The 700 and 950 °C were set as annealing heat
treatment temperatures, and the effects of heat treatment on the microstructure and properties of Ti-6Al-4V were investigated. The results reveal
that the preparation of samples can achieve good forming quality when the scanning speed ranges from 600 mm/s to 800 mm/s. After annealing at
700 and 950 °C, the microstructure of the samples transforms from acicular martensite to lath martensite. The § phase can be observed after heat
treatment at 950 °C. The changes in compression performance are influenced by the microstructure. The ultimate compressive strength of the
prepared sample with a scanning speed of 600 mm/s is 1593 MPa, and the maximum fracture strain is 15.1%. After annealing heat treatment, the
ultimate compressive strength decreases to 1359 MPa and the maximum fracture strain increases to 22.2%. The fracture mode changes from brittle
fracture to ductile-brittle fracture.

Key words: selecting laser melting; Ti-6Al1-4V; high layer thickness; heat treatment; compression performance
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