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R1 BERTCAHKEEUERS
Table 1 Chemical composition of TC4 titanium alloy
powders (®/%)
C H O N Fe Al \Y% Ti
0.005 0.02 044 0.021 0.04 6.06 4.02 Bal.

F2 PEBEREALEAE
Table 2 Heat treatment processes of HIPed TC4 alloy
Aging treatment
520 C+4 h+WQ/AC
560 C+4 h+ WQ/AC
520 C+6 h+ WQ/AC
560 C+6 h+ WQ/AC

Solution treatment

935 C+60 mintWQ

Ja K Gleeble-1500D F R L HL 4 HIPed I F: (@8
mmx12 mm) HEAT B 2 18 R 465050, SE80 7 £
® 3 Pin. MAARTE R KA EAT W (945 1C+60
mintWQ) FI %L (560 C+6 h+WQ) AbFH . Kf ik kLUt
Ui LI, 2N B O T Kroll J& 7] (AT
bty HF:HNO;:H,0=1:3:7, Ji=sth) #4740, KH
g 15~20 s. KJH Zeiss Axio Imager Alm %Y 441 i 1k
B SRR ) B A 2.

2 #RET
2.1 EARMHAIEN HIPed TC4 55 BRI

AU

Kl 14 HIPed TC4 &4 RMAL. K 1 a7 W,
HIPed TC4 & <2028 3 /2 th v 2RI o AH R AH [B] (1)
BAHAL L. P 2 7R T HIPed TC4 & 44w i 2K
AJa B dL gl JERE T R, M A 935 C
N, B G T, AU B AR, TR
FMR o AR A Bk, DRI 420 3 B R o A5 K
A o ARG B o A I 2800 B AN 520 C T 3 560 C I,

R3 ZEREHIERAR
Table 3 Multi-pass thermal compression processes
of HIPed TC4 alloy

One-pass Three-pass

TI°C &% é&ls'  TIC &% élst TIC &%  éls!

Two-pass

0.01 0.01 0.01

1050 20 0.1 1000 30 0.1 950 20 0.1
5 5 5

0.01 0.01 0.01

1000 20 0.1 900 30 0.1 800 20 0.1
5 5 5

0.01 0.01 0.01

950 20 0.1 900 30 0.1 850 20 0.1
5 5 5

1 HIPed TC4 & 411 B4 2L

Fig.1 Microstructure of HIPed TC4 titanium alloy before hot

compression deformation
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Bl 2 HIPed TC4 & £ WV I K% J5 A B 41 21
Fig.2 Microstructures of HIPed TC4 titanium alloy after solution and aging treatment: (a) 935 ‘C/60 min+520 ‘C/4 h+WQ, (b) 935 ‘C/60
min+520 ‘C/6 h+WQ, (c) 935 ‘C/60 min+560 C/4 h+WQ, and (d) 935 ‘C/60 min+560 C/6 h+WQ

20 pm

3 HIPed TC4 & < 48 [l ¥ I 20 v% Ja i) A 41 21
Fig.3 Microstructures of HIPed TC4 titanium alloy after solution and aging treatment: (a) 935 “C/60 min +520 ‘C/4 h+AC, (b) 935 C/
60 min +520 °C/6 h+AC, (c) 935 ‘C/60 min +560 ‘C/4 h+AC, and (d) 935 ‘C/60 min +560 ‘C/6 h+AC

WAL TR G 2 A RUAOR I o A AR LRI o A0 BRIRALAGE M . AR 0.1 7 I &8 Jed ] v Ak 24
Ha R P9 A2 S B G AL 2L, 2 AR A ) 0.001 57 Ja, RBLR TR A U ST TR, HE
el da proR, 22 KA IR 10554 B TR FEASH K%, A, dilEl 4b i DU AR SR AR K,
I Rt AR AR S AR o A BEAR o A A I W ZOR R AR o A DARRCZRIR (1 5 (A



FRIGREAE: BUb BN GRS TC4 &4 RIL IR 2038 R T O AL 2 5% 1)

* 1375

4 THEWRASIE (1050 CT—950 CT) BkFFE ¥ ab B S 1) B 41
Fig.4 Microstructures of the samples under three-pass deformation from 1050 C to 950 C treated by solution treatment at different strain

rates: (a) 0.001 s, (b) 0.1s”, and (¢) 5 5™
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Fig.5 Microstructures of the samples under three-pass deformation from 1000 ‘C to 800 °C treated by solution treatment at different strain

rates: (a) 0.001 s™, (b) 0.1 s, and (¢) 5 5™
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Fig.6 Microstructures of the samples under three-pass deformation from 950 C to 850 C treated by solution treatment at different strain

rates: (a) 0.001 s, (b) 0.1s”, and (¢) 5 5™
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Fig.7 Microstructures of the samples under three-pass deformation from 1050 C to 950 C treated by aging treatment at different strain

rates: (a) 0.001 s™, (b) 0.1 s, and (¢) 5 5™
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Fig.8 Microstructures of the samples under three-pass deformation from 1000 ‘C to 800 C treated by aging treatment at different strain

rates: (a) 0.001 s, (b) 0.1s”, and (¢) 5 5™

B9 Z=iXEE (950 T—850 C) iRFEM AL LS 1 B4 21
Fig.9 Microstructures of the samples under three-pass deformation from 950 C to 850 C treated by aging treatment at different strain

rates: (a) 0.001 s, (b) 0.1s™", and (¢) 5 s~
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Effect of Heat Treatment on Microstructure of Hot Isostatic Pressed
TC4 Alloy and Its Multi-Pass Deformation

Zhang Zhimin, Liu Haijun, Ren Luying, Yan Jiangpeng, Wang Qiang, Xue Yong
(North University of China, Taiyuan 030051, China)

Abstract: The multi-pass thermal compression experiments of hot isostatic pressed (HIPed) TC4 titanium alloy were carried out on the
Gleeble-1500D thermal simulator at strain rate of 0.001~5 s™', and the total deformation was 70%. The HIPed TC4 titanium alloy was
treated by solution treatment of 935 °C+60 min+water quenching, and then by aging treatment of 520 °C+4/6 h+water quenching/air
cooling and 560 °C+4/6 h+water quenching/air cooling. After multi-pass deformation, the samples were treated by solution treatment at
945 °C+60 min+water quenching and aging treatment at 560 °C+6 h+water quenching. The results show that the content of secondary a
phase of HIPed TC4 titanium alloy decreases with the increase of aging temperature, while the equiaxed o phase increases in amount with the
increase of aging time, and the microstructure mainly consists of secondary strip a phase and equiaxed a phase. Meanwhile, the ideal tri-modal
microstructure (equiaxed a phasetsecondary strip o phase+f transformation phase) of HIPed TC4 titanium alloy can be obtained by solution
and aging treatment during multi-pass deformation at the deformation temperature from 950 °C to 850 °C and strain rate of 0.1 s™".

Key words: TC4 titanium alloy; multi-pass deformation; heat treatment; microstructural evolution
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