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Table 1 Chemical composition of TC4 titanium powders (/%)

Ti Al \Y Fe

c N H )

Bal. 5.89 4.06 0.16

0.017 0.018 0.0015 0.12

1 SLM RUEH TC4 sk & &k KIS
Fig.1 SEM morphology of TC4 titanium powders used for SLM
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Fig.2 Schematic of TC4 titanium alloy fabricated by SLM and

the location and orientation for prefabricated crack of the

specimen
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Table 2 Processing parameters for TC4 titanium alloy

fabricated by SLM

Processing parameters Values
Laser power/W 370
Scanning speed/mm s 1500
Layer thickness/mm 0.05
Scanning space/mm 0.095

Laser energy density/J mm™ 208

£ 3 SLM ##% TC4 Sk & SRy AAL IR H &
Table 3 Heat treatment of TC4 titanium alloy samples
fabricated by SLM

Samples First heat treatment ~ Second heat treatment
HTO 500 C,2h, FC /

HT700 500 C,2h,FC 700 C,2h,FC

HT800 500 C,2h, FC 800 C,2h,FC

HT900 500 C,2h,FC 900 C,2h,FC

HT950 500 C,2h, FC 950 C,2h,FC
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Fig.3 OM images (a, ¢) and SEM images (b, d) of microstructure in cross-section (a, b) and longitudinal section (c, d) for HTO sample
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Fig.4 OM images (a, c, e, g) and SEM images (b, d, f, h) of microstructure in cross-section for HT700 (a, b), HT800 (c, d),

HT900 (e, f) and HT950 samples (g, h)
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Fig.5 OM images (a, ¢, €, g) and SEM images (b, d, f, h) of microstructure in longitudinal section for HT700 (a, b), HT800 (c, d), HT900 (e, f)

and HT950 samples (g, h)
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Fig.6 Fracture toughness of TC4 titanium alloy fabricated by Fig.7 Relationship between fracture toughness with thickness

SLM under different heat treatments
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Fig.8 3D depth images of macroscopic fracture of TC4 titanium alloy ductile fracture samples fabricated by SLM: (a) HTO,

(b) HT700, (c) HT800, (d) HT900, and (e) HT950
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Fig.9 Crack propagation path of TC4 titanium alloy samples fabricated by SLM: (a) HTO, (b) HT700, (c) HT800,

(d) HT900, secondary cracks (e) and crack at a/f two-phase interface in HT950 sample (f)
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Effect of Low and High Double Heat Treatment on Fracture Toughness of TC4
Titanium Alloy Fabricated by Selective Laser Melting

Li Yuhai', Zuo Baigiang™?, Cai Yusheng? Jiang Muchi' 2, Ren Dechun?, Ji Haibin?, Lei Jiafeng®
(1. Shenyang Ligong University, Shenyang 110159, China)
(2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The effect of different heat treatment temperatures on microstructure and fracture toughness of TC4 titanium alloy
fabricated by selective laser melting (SLM) was studied. The results show that the microstructure of low temperature annealed alloy
is characterized by a large number of acicular martensite o’ phase and g phase. The longitudinal section is characterized by columnar
crystals growing along the forming direction. The angle between the acicular martensite «' phase and the forming direction is about
452 After heat treatment, the acicular o’ phase is transformed into lamellar a phase, forming a+# lath structure. With the increase of
heat treatment temperature, the a lamellar coarsens gradually, the zigzags of crack propagation path increase, and the fracture
toughness gradually increases from 43.1 MPa-m*? to 109 MPa-m*/2.
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