
�49�    �3�                               ��������	                                     Vol.49,   No.3 

2020�      3�                     RARE METAL MATERIALS AND ENGINEERING                          March   2020 

 

�����2019-03-15 

���	����	
	1991��	�
�	����������	�� �� 110016	���024-23971956	E-mail: dcren14s@imr.ac.cn 

  

��������	
 TB9 ��
������� 

 

���

1,2

����

1 

��	


1

��  �

1

�
  �

1

��  �

1

 

(1. ����������	�� �� 110016) 

(2. ����� !�	�� �� 110016) 

 


  ��"# XRD$OM % SEM &'(��%)*+,-.%/01234 TB9 56�78%9:;<=>?@A

B�C-.D;E!	F6�GHIJK.LMNO78	PQRJK.LSTO78U6�VW%XW;YZ[\

]C^-.D;E!PE!U6� 450 _/8 h/AC/0123`a αb% βb7L	cC-.D;E!	6�defg

h\Ei	j9klUm/,-.no�pq;rs&tuv/0no� α b;*wxy.zr{	| α b}*w~

��	αb�������U6� 70% ,-.���/0123`��fgh\�� 1809 MPa	�/�� 4% ;��

�	����v�9��%�9���6��>  

�
��TB956�U,-.U/0123UYZ78U��9: 

�������TG146.23        ������A        �����1002-185X(2020)03-1083-07

 

TB9 ���������	
� β ����
�

�� 16������������������� 

!��"#$%�&'()*+,'-.�/012

3456789:;

[1-4]

< 

=>?� β ���@� !���ABCD�E

FGH�I'���@��J��KL?M>6�2

NO�P����QR

[5-9]

<ST=>?UVWXY�

Z[�
\]^_`E��WabHc�de_`f

ghijkTlmnoUVWpqr�st�?u�

v��wx�yz��{LABhi

[10-13]

<v(-.

' TB9���|}��J-.~��I������

%���� TB9���-.�B�-.������

����@����

[14]

<�J !j-.�����

����� !j� TB9���-.��U�PTl

mno2O������< 

����'=�� 70¡noj� TB9���

���¢v=>?j����Tlmno�£¤��

¥=>?�Tlmnov TB9�����QR���

�¦Shi< 

1  �  � 

TB9 ���§¨ s� Ti-3Al-8V-6Cr-4Mo-4Zr 

©ª�s«�%¬�­®,¯°±²³ 3´µ¶)*·

¸��¹º��»�m¼230¡noj½¾�¿À

ÁO� Φ15 mm��<FGHv Φ15 mm TB9���

��� 10%~70% =��>?<0¡Â23ÃS=>

?�ÄÅE:ÆÇÈ³É�� 450 Ê/8 h/,=©AC¬
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�' D8 Discover XËÌÍË©XRD¬Î��Ï
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:85 mL H
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�� MakroXtensæ¯çXèé� Zwick/Roll-Z150±
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¢ 1  TB956�,-.£`¤TYZ78 OM¥ 

Fig.1  Three-dimensional OM images of TB9 titanium alloy 

before (a) and after cold deformation: (b) 10%, (c) 35%, 

and (d) 70% 
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Fig.2  Sections (φ

2

=45ª) of orientation distribution functions (ODFs) of TB9 titanium alloy longitudinal section before cold deformation (a) and 

after cold deformation with the rates of 15% (b), 35% (c), and 70% (d) 
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Fig.3  Sections (φ

2

=45º) of orientation distribution functions (ODFs) of TB9 titanium alloy cross section before cold deformation (a) and 

after cold deformation with rates of 15% (b), 35% (c), and 70% (d) 
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Fig.4  Microhardness of TB9 titanium alloy for cross and 

longitudinal section before and after cold deformation  
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¢ 5  /0` TB956�; XRD¢« 

Fig.5  XRD pattern of the TB9 titanium alloy with aging heat 

treatment before and after cold deformation under 2θ from 

30º~80º (a) and 35º~45º (b)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¢ 6  /0123£` TB956�; SEMYZ78 

Fig.6  SEM images of the TB9 titanium alloy: (a) before cold deformation and aging heat treatment; (b~f) after cold deformation with the 

rate of 0% (b), 10% (c), 25% (d), 35% (e), and 70% (f) and subsequent aging heat treatment
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Fig.7  Room temperature tensile stress-strain curves of TB9 

titanium alloy after aging heat treatment 
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Fig.8  Effect of cold deformation and aging heat treatment on 

room temperature tensile property of TB9 titanium alloy  
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Fig.9  Tensile fracture morphologies of TB9 titanium alloy after aging heat treatment: (a, b) before cold deformation; (c, d) after cold 

deformation with the rate of 70% 
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Abstract: The properties of titanium alloys can be improved by cold deformation and aging heat treatment. However, there are limited 

reports on the performance transformation of titanium alloys under the combination of cold deformation and aging heat treatment. In this 

work, the influence of prior cold deformation and the subsequent aging heat treatment on the phase types, α precipitation behaviors and the 

tensile properties of TB9 titanium alloy were studied by the X-ray diffraction, optical microstructure, scanning electron microscope and 

uniaxial tensile. The results show that longitudinal and cross section of the bars form different type macro textures through produced 

different microstructures and affect the microhardness. TB9 titanium alloy is consisted of α and β phases after aging heat treatment. With 

the increase of the cold deformation rate, the tensile strength is increased and the ductile is reduced. Due to the defects during the cold 

deformation process, the precipitation free zones disappear in cold deformation samples and the maximum tensile strength reaches 1809 

MPa with an elongation of 4%. 
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