
� 48�    � 6�                                    ��������	                                Vol.48, No.6 

2019�      6�                         RARE METAL MATERIALS AND ENGINEERING                        June 2019 

 

�����2018-06-12 

���	��  ��	�1987�
�������������������������� ! "# 610300�$%&028-83303628�

E-mail: yang512liu@126.com 

 

Ti-15V-3Cr-3Sn-3Al �����-���	 


��� 

 

�  ���  ������	  
��  ���� 

(����������� ��'()*+,-./0123� ! �45 617000) 

 


  ��6 Ti-15V-3Cr-3Sn-3Al�*789:;<=>?@-ABCDEF,GH$IJSEMKLMN$IJTEMKOP

Q��R:;?@-AB<=6��>ST9UVWXYZ>[\E]^_`&ab 980 c/0.5 h ?@CDd�efg

ThRijklm>nop α'q�rbsd>ABCD�tST:;ujVvm> α qEswABxyz{|A}~

��STquj~��vm������m������ST�>��V}��~iEABb�g��STij��

�����> αq�v"> α/βq��6������ ¡¢,�£¤¥{*7¦yESTquj§��§¨©�¦ª

¢,§iE¤«Y¬®¯°STq±²�³>��vmVuj�²�>´µ αq��¶·/¸¹��>«YE 

���Ti-15V-3Cr-3Sn-3Alº?@-ABCDº»¼efºST¦ª 

�������TG146.23        ������A        �����1002-185X(2019)06-1936-08 

 

β��������	
��������-�

����������
���� β ���� !"

�����#$
%&'(��)*+,-./ α+β

01���234�56�789:�;<=<>%

?@	ABCDEFEG8�H@

[1-3]

� 

IJKF�3/LM��-����N β����


��OPQR%#$ST�UVW"4X�YNZ

�[\� β �����]^_`a��
�b$QR

cdef1�g2�hij/kl

[4-9]

����hef

1�mnaoXcdpqrstu��	vwx1y�

Nagz

[10]

{@ TEMa3DAPz|}N Ti-5Al-5Mo-5V- 

3Cr-0.5Fe ������h�efj3ij/~��

���kl��������; β 1�'���g2

�� ωef1�;�����z�����J ωef

1�$�g2"�2p� ωef1���D�� α1

g2�;���������) ωef1p�%Z�

g�� α1�i��g2���r��ef1��Xa

g��N9:���
� ¡¢£�OP�Li z

[11]

N Ti-5Al-4Zr-4Mo-2Cr-2Sn-1Fe ���ijZ�	v

�����klB¤�¥¦_`§� α ¨©�c"�

ª�#�%«
�; α+β 01�ij�����α 1

�¬p�X�®d¯° α 1�±²4�³"´µ


� ¡�¶b$�; β 1b·c�¸�¹��º�»

¼½b4¾��®�α+(α+β)��º¡2�¿° α1)

#�ÀÁ�®�ÂN«
³"Ã2OP�Ä���º

�ÅÆ1*ÇÅÆ"È�ÉÊ
����Ëef

1�g2Ì�ÍÎÏ��h�NÐef�hËef1

�gÑÒÓ�Ohmoriz

[12]

N Ti-10V-2Fe-3Al����

�hij/kl�ÔÕ/ ω13 α1�Ö×gÑªØ

/ÑÙÚAzimzadeh %  Rack

[13]

N Ti-6.8Mo-4.5Fe- 

1.5Alijkl�B¤�α1; ω/βÛ�ÜI��ÝÞ

�ÒÓgÑ�ßÐ ω1�ef�h�àá AlâAlÌ α

1��ãäÂÌ�å ω 1���ãäæ�çè�cé

ê α 1;z����hË; ω 1ÜI��Í Al ãä

ëì��ígÑ� 

îkl ï@� Ti-15V-3Cr-3Sn-3Al ���Ì�

mð�� β �����!"���#�%���

2�
�ÄñG����º�����#�d«ò
�

ó!"��ô£
��õöWÄ;ñÍ÷í��/

øù�½@

[14]

�3/)ú����ûÖ�#/ò
ü

ý�N��ijgb����#/ò$���kl9:

]^_`�þcd;���h�efj3���/�

�	vaefj3%��
��Y�¹�§;y�%

1�OPQR� 

��������

îkl ï@�9:35Ã� Ti-15V-3Al-3Cr- 

3Sn ���(TB5)�9:�$�2p�� 1��	�9 



� 6�                         �  �O&Ti-15V-3Cr-3Sn-3Al�*7?@-ABb�>ST9U                       ½1937½ 

� ���� !"#$%&'��()*�

Table 1  Test results of chemical composition of titanium alloy 

for experiment (ω/%) 

H N O V Al Cr Fe Sn Ti 

0.005 0.024 0.154 15.14 2.74 2.56 0.112 1.88 Bal. 
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¾ 1  ¿À>?@AB<=ÁÂ¾ 

Fig.1  A schematic diagram of the solid solution and aging 

process of the sample 

 

 

 

 

 

 

 

 

 

 

¾ 2  980 c/30 min+ÃÄCDd¿À>7qef 

Fig.2  Metallographic structure of the sample after solid 

solution at 980 c for 30 min and water-cooling 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¾ 3  980 c/30 min+ÃÄCDd¿À> TEMÅÆÇ SAED5À 

Fig.3  TEM image (a) and selected area electron diffraction 

pattern of the [0001] (b) of the sample after solid solution 

at 980 c for 30 min and water-cooling 
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 4  ��������� 8 h������ 

Fig.4  Metallographic images of the samples at different aging temperatures for 8 h: (a) 420 �, (b) 480 �, (c) 540 �, 

and (d) 600 � 
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 5  600 �/8 h������*+,-.�/0 

Fig.5  Orientation imaging (a) and phase distribution (b) of the 

sample after aging at 600 � for 8 h 
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 6  ������ 8 h���1&'�� SEM23 

Fig.6  SEM morphologies of the samples at different aging temperatures for 8 h: (a) 420 �, (b) 480 �, (c) 540 �, and (d) 600 � 
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Fig.7  TEM morphology (a) and SAED pattern of precipitates (b) 

of the sample after aging at 480 � for 8 h 
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Fig.8  TEM morphology (a) and SAED pattern of precipitates (b) 

of the sample after aging at 540 � for 8 h 
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 9  600 ��� 8 h���� TEM234&'5�6789:;<= 

Fig.9  TEM morphology (a) and SAED pattern of precipitates (b) of the sample after aging at 600 � for 8 h 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 10  600 ������>���1&'�� TEM23 

Fig.10  TEM morphologies of the precipitated phase in the sample aged at 600 � for different holding time: (a) 2 h, (b) 4 h, (c) 8 h; 

(d) SAED pattern of the white ring in Fig.10b 
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 11  600 ������>�?@AB&'�� TEM23 

Fig.11  TEM morphologies of precipitated phase near grain boun- 

dary aged at 600 � for different holding time: (a) 4 h 

and (b) 8 h 
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Fig.12  Effect of aging temperature on mechanical properties of 

materials 
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Precipitation Behavior of Ti-15V-3Cr-3Al-3Sn Alloy During Solution 

and Aging Heat Treatment 

 

Yang Liu, Wang Ying, Lin Chongzhi, Jiang Jian, Fang Qiang, Geng Naitao 

(State Key Laboratory of Vanadium and Titanium Resources Comprehensive Utilization, 

Pangang Group Research Institute Co., Ltd, Panzhihua 617000, China) 

 

Abstract: The effects of solution and aging process on the precipitation behavior and mechanical properties of Ti-15V-3Cr-3Sn-3Al alloy 

were investigated by scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The results show that there are a 

large number of metastable martensite α' phases in the microstructure after solution treatment at 980 °C/0.5 h. After the subsequent aging 

treatment, the precipitates with different quantities and morphology are formed. With the increase of aging temperature or time, the 

number of precipitates increases, the morphology changes from irregular aggregation to acicular, and the size and spacing of precipitates 

also increase. During the aging process, a large number of nano dispersed α phases are precipitated, and the formation of the α/β phase 

interface hinders the dislocation movement, thus increasing the strength of the alloy. The more and smaller the precipitated phase is, the 

better the strengthening effect. The plasticity depends mainly on the distribution and number of precipitates on grain boundaries. The 

continuous distribution of α phase at grain boundary will seriously damage the plasticity of the material. 

Key words: Ti-15V-3Cr-3Sn-3Al; solution and aging process; microstructure; precipitation strengthening 
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