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Table 1  Chemical composition of TC4 titanium alloy 

powders (ω/%) 

C H O N Fe Al V Ti 

0.005 0.02 0.44 0.021 0.04 6.06 4.02 Bal. 
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Table 2  Heat treatment processes of HIPed TC4 alloy 

Solution treatment Aging treatment 

520 +4�  h+WQ/AC 

560 +4�  h+ WQ/AC 

520 +6�  h+ WQ/AC 

935 +60�  min+WQ 

560 +6�  h+ WQ/AC 
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Table 3  Multi-pass thermal compression processes 

of HIPed TC4 alloy 

One-pass  Two-pass  Three-pass 

T/� ε/% ε

�

/s

-1

  T/� ε/% ε

�

/s

-1

  T/� ε/% ε

�

/s

-1

 

0.01  0.01  0.01 

0.1  0.1  0.1 

1050 20 

5  

1000 30 

5  

950 20 

5 

0.01  0.01  0.01 

0.1  0.1  0.1 

1000 20 

5  

900 30 

5  

800 20 

5 

0.01  0.01  0.01 

0.1  0.1  0.1 

950 20 

5  

900 30 

5  

850 20 

5 

 

 

 

 

 

 

 

 

 

 

� 1  HIPed TC4@
7��bc 

Fig.1  Microstructure of HIPed TC4 titanium alloy before hot 

compression deformation 
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� 2  HIPed TC4@
yQRYZOP\7��bc 

Fig.2  Microstructures of HIPed TC4 titanium alloy after solution and aging treatment: (a) 935 /60�  min+520 /4�  h+WQ, (b) 935 /60�  

min+520 /6�  h+WQ, (c) 935 /60�  min+560 /4�  h+WQ, and (d) 935 /60�  min+560 /6�  h+WQ 
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Fig.3  Microstructures of HIPed TC4 titanium alloy after solution and aging treatment: (a) 935 �/60 min +520 �/4 h+AC, (b) 935 �/ 

60 min +520 �/6 h+AC, (c) 935 �/60 min +560 �/4 h+AC, and (d) 935 �/60 min +560 �/6 h+AC 
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� 4  �FG4K�1050 �→950 ��/aQRST\7��bc 

Fig.4  Microstructures of the samples under three-pass deformation from 1050 � to 950  treated by solution treatment at different strain �

rates: (a) 0.001 s

-1

, (b) 0.1 s

-1

, and (c) 5 s

-1
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� 5  �FG4K�1000 �→800 ��/aQRST\7��bc 

Fig.5  Microstructures of the samples under three-pass deformation from 1000 � to 800  treated by solution treatment at different strain �

rates: (a) 0.001 s

-1

, (b) 0.1 s

-1

, and (c) 5 s

-1
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� 6  �FG4K�950 �→850 ��/aQRST\7��bc 

Fig.6  Microstructures of the samples under three-pass deformation from 950 � to 850  treated by solution treatment at different strain �

rates: (a) 0.001 s

-1

, (b) 0.1 s

-1

, and (c) 5 s

-1
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� 7  �FG4K�1050 �→950 ��/aYZST\7��bc 

Fig.7  Microstructures of the samples under three-pass deformation from 1050 � to 950  treated by aging treatment at differe� nt strain 

rates: (a) 0.001 s

-1

, (b) 0.1 s

-1

, and (c) 5 s
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� 8  �FG4K�1000�→800��/aYZST\7��bc 

Fig.8  Microstructures of the samples under three-pass deformation from 1000 � to 800  treated by aging treatment at different strain �

rates: (a) 0.001 s

-1

, (b) 0.1 s

-1

, and (c) 5 s

-1 

 

 

 

 

 

 

 

 

 

 

 

� 9  �FG4K�950 �→850 ��/aYZST\7��bc 

Fig.9  Microstructures of the samples under three-pass deformation from 950 � to 850  treated by aging treatment at different strain �

rates: (a) 0.001 s

-1

, (b) 0.1s

-1

, and (c) 5 s

-1

 

 

ªíJK��þ&.V¶©}/� 0.1 s

-1

��^�N

=ì�
ÙÚ@ABC�ô�H α =+Ubcd α =

+β eV=��>a'@A?9���] �
ÙÚ@

Ai��] �
@A(�" 6b)«�ÇI�|�d


α =ë���/�IÀeVDUb α =�
& α =~

/��Dcd α =9ôì<o=�P��] �Á=


IÀ@Aô|�deúDUbcd α =�GUbc

d α =}S2>Dsz9��n

[20]

« TC21 ���0

� β =Y\VW�JK��
�«��@AÛV
Å

Æ� ��`= TC21 ��� 560 ¡¢ZU����

0e²�Á==«Vt
bdUb α =2@A>´s

z9%.V¶©D 5 s

-1

��*" 9c�N=Vt
�H

α=3Z=�6¶©Î
@A3Z¯S9ª=�g��

] �
@A>�" 6c?���] �bd α=YZ�

ó01�l�IÀ-.�ó~/�fg
-k α=��

9:9ôì�̂ �<o=��PEBCÅÆ
� βeV

@AÁ=
 α=
YZiW`

[11]

9 

��������

1) HIPed TC4��ÏÐ0��] c�=lÎ�

%��] D�¶mÍ�����D 4 h ��acd

Ub α =þ&
�
'�£�01Mªþ&����

V~�=I�H α =��2þ&
�'��acd α

=3ZÞ6��Ubcd
 α=i�H α=DB9 

2) HIPed TC4���PÞ
>950 →900�  →�  

850 �?STU\VWVW���0 935 /60�  min�

�+560 /6�  h��] +mÍ\] ��@ABCô

1Z³�-W�
Vt�H-[|�d α =@A@

��|�d α=0��] �eVDUbcd α=�

bd α=YZ�ó01���PEBCÅÆ
� βe

V@AÁ=
 α =
YZiW`Mª%.V¶©D  

0.1 s

-1

��VW�
���P��-��] �_`¯

D !
a'@A>�H α =+Ubcd α =+β e   

V=?9 

a b 

c 

20 µm 

a 

b 

c 

20 µm 



�1378�                                          ��
���� !                                           � 49� 

����    References 

[1] Yuan Baoguo, Wang Yujie, Zheng Yubin et al. Rare Metal 

Materials and Engineering[J], 2017, 46(6): 1486 

[2] Wang Min, Zhou Jianxin, Yin Yajun et al. Journal of Alloys 

and Compounds[J], 2017, 721: 320 

[3] Jin Hexi(
X�), Wei Kexiang(���), Li Jianming(��`) 

et al. The Chinese Journal of Nonferrous Metals(����


���)[J], 2015, 25(2): 280 

[4] Sun Zhichao, Liu Lei, Yang He. Materials Science and 

Engineering A[J], 2011, 528(15): 5112 

[5] Zhang Xuhu(���), Xu Guihua(���), Sun Yanbo(��

 ). Aerospace Materials and Technology(¡¢�� £)[J], 

2016, 46(6): 6  

[6] Zhao Yao(¤ ¥), He Yuehui(¦§¨), Jiang Yao(© ª) et al. 

Powder Metallurgy Technology(«¬­
®¯ )[J], 2009, 

27(2): 108 

[7] Ma Li(° ±). Thesis for Master(²�³´)[D]. Xi’an: Xi’an 

Technological University, 2010 

[8] Wang Han(µ ¶), Li Junchu(·¸¹), Zhang Guoguang(��

º ) et al. Journal of Nanchang Institute of Aeronautical 

Technology, Natural Sciences Edition(»¼¢W ½�"�

���	
�¾)[J], 2007, 21(1): 57 

[9] Du Zhaoxin, Xiao Shulong, Xu Lijuan et al. Materials and 

Design[J], 2014, 55: 183  

[10] Kim Y, Kim E P, Song Y B et al. Journal of Alloys and 

Compounds[J], 2014, 603: 207 

[11] Zhao Yongqing(¤¿À), Xin Shewei(ÁÂÃ), Chen Yong- 

nan(Ä¿Å) et al. New Alloy Materials-Titanium Alloy(ÆÇ

@
��-È@
)[M]. Beijing: China Rail Way Publishing 

House, 2017: 27 

[12] Zhu Liwei(ÉÊÃ), Wang Xinnan(µÆ»), Zhu Zhishou(ËÌ

Í). Titanium Industry Progress(È ½AÎ)[J], 2012, 29(1): 9 

[13] Liu Wanying, Lin Yuanhua, Chen Yuhai et al. Rare Metal 

Materials and Engineering[J], 2017, 46(3): 634 

[14] Xu Jianwei(��Ã). Thesis for Doctorate(��³´)[D]. 

Xi’an: Northwestern Polytechnical University, 2017 

[15] He L J, Dehghan-Manshadi A, Dippenaar R J. Materials 

Science and Engineering A[J], 2012, 549: 163 

[16] Zhang Guihua(�Ï�). Thesis for Master(²�³´)[D]. 

Nanchang: Nanchang Hangkong University, 2015 

[17] Xu Jian(� Ð), Wang Wenyan(µ´Ñ), Zhang Haoyin(�Ò

Ó) et al. Powder Metallurgy Industry(«¬­
 ½)[J], 

2014, 24(5): 29 

[18] Gan Zhanghua(ÔÕ�), Liang Yu(Ö ¡), Wang Jinlin(µ×

Ø) et al. Heat Treatment of Metals(
�,ST)[J], 2014, 

39(9): 36 

[19] Han Lei(Ù Ú). Thesis for Master(²�³´)[D]. Harbin: 

Harbin Institute of Technology, 2009 

[20] Yu Xinping(ÛÆÜ). Thesis for Master(²�³´)[D]. Nan- 

chang: Nanchang Hangkong University, 2015 

 

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

-1

, 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 α 

phase of HIPed TC4 titanium alloy decreases with the increase of aging temperature, while the equiaxed α phase increases in amount with the 

increase of aging time, and the microstructure mainly consists of secondary strip α phase and equiaxed α phase. Meanwhile, the ideal tri-modal 

microstructure (equiaxed α phase+secondary strip α phase+β 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

-1

.  
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