
� 47� � 6� ��������	                                Vol.47, No.6

2018� 6�                        RARE METAL MATERIALS AND ENGINEERING  June 2018

�����2017-06-10

���	�� ��	�1981 �
����
���������������
 
� 710016����029-86932188�E-mail: gdu@

alum.imr.ac.cn

��������	
 TC4 ��
��

����������

� ��������	�
���
����������

(
���������������
 
� 710016)


 �� !" TC4#$%&�' 650( 700 )*+,-./0,-1234(56789:;<=�>?@AB2

TC4 #$%CD 650 )2*+?,-���2EF34(GH5678IJ9 'K 700 )*+?,-�TC4 #$%

&�LM=ENO�PQLMR>S?@ABNO 77 MPa�TP/LU=EOSVWXY9/0?,-1�$%2LM

EZ[\�400 )/01]GLM^_ 1020 MPa�R>S?@AB[\ 53 MPa9EF34`a<=�?@A12 TC4

&�EF34bc
 α Rde
 α Rf.gh β R3i9?,-Kjk�gh β Rklm α R2+nopqarst

u$%GH56782vwxy9

�
��TC4#$%z*+(/0z{|56

�������TG146.23   ������A �����1002-185X(2018)06-1941-04

TC4��������� Ti6Al4V��	
��


����� 20�� 50����������� 1954

�������� !"#$% &'()*+ �

,	���-TC4���. 400 /012345	6

789:;<89=>?�@A2345	BCD=

EF?G�HI� JK:JL:MN0OPQRS

TUV�WXY*	Z[���\]-

��BCD^ TC4���_\� `ab��	

?G�cdefgh	Bij-kl)*cm���

�	Bijno p)qrs:turs0Ovw:

AxijT-y 1 DzP{ TC4���_\:|}

~*	Bij�9

[1-3]

-���T89dm	 TC4 �

�����ef����901	turs�n0�

���BCD��)q���>?0O����	�

	

[4,5]

- `�$��	89�Dz���� TC4��

�_\:|}efvwOAxBij-��Axij^�

TC4�����6789n0�� 1100 MPa0�

[6]

-

�����	vwBij��. β ���01

30~80 /ef�.��9�����P α �=�P α

��X: ¡ef¢£	�¤+W�¥In��¦§

\]89:>?=¨?	�	

[7-11]

-©I���ª�

«���.����901efvwBij	"#¬

­+®- ��¯°±� TC4 ���. 650 /0O

� �  TC4� !"#$%

Table 1 Heat treatment of TC4 alloy

Heat treatment Temperature/) Cooling

Stress relieving 600 AC

Annealing treatments 700~800 AC

Solution treating

Aging

900~940

500~540

WC

AC
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Table 2 Chemical composition of TC4 alloy (ω/%) 

Al V O N H Ti 

6.3 4.2 0.18 }0.05 }0.08 Bal. 
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Fig.1  Microstructure of the as-forged TC4 alloy bar 
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Table 3  Tensile properties of TC4 alloy before and after 

solution heat treatment at RT 

Heat treatment R

m

/MPa R

p0.2

/MPa A/% Z/% 

As hot-worked 967 886 15.3 45.5 

650)/1 h+WQ 953 878 13.3 40.5 

700)/1 h+WQ 942 809 13 40 
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Fig.2  OM microstructures of TC4 alloy: (a) as forged and 

(b) solution at 700 ) 
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Fig.3  SEM microstructures of TC4 alloy: (a) as forged and 

(b) solution at 700 ) 
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Table 4  Tensile properties of TC4 titanium before and 

after aging at RT 

Solution Aging R

m

/MPa 

R

p

0.2

/MPa 

A/% Z/% 

Non-aging 953 878 13.3 40.5 

400)/1 h +AC 956 881 12.5 43.0 

500)/1 h +AC 954 879 12.0 43.0 

650 )/ 

1 h+WQ 

650)/1 h +AC 962 890 13.0 43.5 

Non-aging 942 809 13.0 40.0 

400)/1 h +AC 1020 903 11.3 42.0 

500)/1 h +AC 987 907 13.0 43.5 

700 )/ 

1 h+WQ 

650)/1 h +AC 951 881 13.5 42.0 
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Fig.4  SEM microstructures of TC4 alloy solution treated at 700 

) after ageing: (a) aged at 400 ) and (b) aged at 650 ) 
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Effect of Low Temperature Solution and Aging Treatment on Microstructure 

and Mechanical Properties of TC4 Alloy Bars 

 

Du Gang, Sun Xiaoping, Gao Yushe, Wang Weidong, Hou Fengqi, Fu Baoquan, Liu Xianghong 

(Western Superconducting Technologies Co., Ltd, Xi’an 710016, China) 

 

Abstract: Effects of solution heat treatment at 650 °C and 700 °C and aging treatment on the microstructure and mechanical properties of 

TC4 alloy bars were studied. The results show that there is no remarkable change in the microstructure and tensile properties of the alloy 

after solution treatment at 650 °C. By contrast, there is a 77 MPa decrease in the yield strength after solution treatment at 700 °C. The 

maximum tensile strength after aging at 400 °C reaches 1020 MPa, which is 53 MPa higher than that of the as-forged alloy. The results of 

the microstructure analysis indicate that the microstructure of TC4 alloy bars after heat working is composed of primary α phase, 

secondary α phase, and residual β phase. The change in tensile properties is related to the dissolution and reprecipitation of the acicular α 

phase in the residual β phase during the process of heat treatment. 

Key words: TC4 alloy; solution and aging; mechanical property 
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