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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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  HIPed TC4@yQRYZWP\7��bc 

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

-1
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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
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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

-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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