
� 48�    � 9�                                   ��������	                                 Vol.48, No.9 

2019�      9�                       RARE METAL MATERIALS AND ENGINEERING                     September 2019 

�����2018-09-10 

���	����	
�����	�[2014]6013� 


���� ����1986����������������� ��� �! 550025�E-mail: 276282638@qq.com 

  

��������	
��� Ti-6Al-4V �� 

������������ 

 

�  �

1,2,3

����

1,2,3

���	

1,2,3

�
  �

1,2,3

��  

1,2,3

 

(1. ������� �! 550025) 

(2. �����"#�$%�&'()��� �! 550025) 

(3. *+,�-"#���./
012345�67'()��� �! 550025) 

 

�  ��� Ti-6Al-4V �������	 α+β �
����������������������� !"

#��$%&'!�()*%+,-./01���()��&23�456 78 α&29:;< α+β=>�

?$%&@A!" BC�78 α&2DEF��;< α+β=>GDE���HI$%&&2 JKLMN��

6O"&PQRSTU6*800 V$%&�WXYZ[\]^YC_ 19.9%: 42.5%�/0 `�ab�cd?

$%&!" BCe#fgh�ijk%�&2 lm:&2 no��p* 

����Ti-6Al-4V���89":;%8<=>?8@�+, 

�������TG146.23        ������A        �����1002-185X(2019)09-3015-07 

 

�� Ti-6Al-4V ������	
�����

������������������ !"�#

$%&'()�*+�,-*+./01%�2 #

$%&345� 6789:;

[1]

��	<=:�>

?@�ABC�DE�F=���6789�GHI

J�KLM89

[2]

�NO� α+β89

[3]

���:;

[4]

�

PQ α+β 89

[5]

��R 4 S89:;T�NO� α+β

89UD(V�W%�()�,-*+��.(V�

)XY<%�Z[[6]\	>]�A^_` Ti–6Al–4V

ab�cd]efg=<��ab_`Ehij�a

bC�_`klmno�pqrNOQs� α. βa

b�t�uv>]�A^jw_` Ti–6Al–4Vabx

<Y9;�yz�{|ab}~|���!%��Y

��%&��~�%�����]e��.T��=

��z����=���T��=�<Y���r�

{��=`�ab

[7]

�u���uv]e�A^��

W%=<����qr(V���%&����+A

~�������������(��\	>���

��C�jw_`���ab

[8]

�����~��_

`� Ti–6Al–4Vab�NOQ��6o�+�_�a

b�p ab(¡¢�£jw��~�%�¤���

%&¥(V�uv β�¦§)X α+β�¦>=<¨�

©�>?@_`abª«¬:a�v®

[9,10]

�:

a?@X+¯°±¯²³´µ¶·¸¹r���67

89º��%&

[11,12]

�»¼�½¾¿ÀÁ Ti–6Al–4V

��� α+β��¦�W%=<.�©>?@Â 67

89.��%&�¸¹�ÀÁ�Ã�:aX+¸¹

6789.��%&#e� 

1  �  � 

Ä¿Å	���Æ�ÇÈ 54 mmÉÊËÌÍÎÏ

Ð Ti-6Al-4V ���`�Y|Ñ�� 1 T�·��¨
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>k 800�900�950 Ò�¨>°±¡� 1 min�ÓX

20 min�â�� 20 Ò/s�´+²³kãX� 

\	äD EBSD åæ��çèéêÍëìíî

Supra 40ïÂ>?@��6789���ð�ñò8

9.>?@�89 EBSD óôv®Tõö|á� 1  

 

 1  Ti-6Al-4V!"#� 

Table 1  Chemical composition of Ti-6Al-4V (ω/%) 

Ti V Al C Si Cr Zr Pd 

Bal. 4.226 5.926 0.011 0.024 0.0017 0.020 0.013 
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2.1  ���� 

� 1�ñò Ti-6Al-4V���j689� α�|
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D 1  EF Ti-6Al-4V��GH<>? 

Fig.1  Initial microstructure of Ti-6Al-4V alloy 
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D 2  IJ9":;%KLMNO��G SEMP TEMQR 

Fig.2  Microstructure of Ti-6Al-4V alloy after recrystallization annealing: (a) 800 STUSEM; (b) 900 STUSEM; (c) 950 STUSEM;  

(d) 800 S, TEM 

100 µm 

0.5 µm 

a 

b 

c 

d 

Equiaxed α 

Lamellar α 



� 9 �                 �  �VW9":KL;%X�Y+Z[\ Ti-6Al-4V��<=>?�@�+,G]^           �3017� 

 

 

 

 

 

 

 

 

 

 

 

D 3  IJ9":;%KLMNO��G EBSD>? 

Fig.3  EBSD microstructures of Ti-6Al-4V alloy after recrystallization annealing at different temperatures: (a) 800 S, (b) 900 S, and (c) 950 S 

 

 2  $%&'()*+,-./ α012 α34 

Table 2  Equiaxed and lamellar α size of Ti-6Al-4V after 

recrystallization annealing at different temperatures 

Temperature/S 

Equiaxed, α 

size/µm 

Lamellar, α 

size/µm 

Diameter/width 

800 1.98 0.20 9.90 

900 3.89 0.34 11.44 

950 6.44 0.52 12.38 
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Fig.4  Distribution (a~c) and the variation of misorientation angle (d) for Ti-6Al-4V alloy after recrystallization annealing: (a) 800 S,   

(b) 900 S, and (c) 950 S 
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Fig.5  Sub-structure distribution of Ti-6Al-4V alloy after recrystallization at different annealing temperatures: (a) 800 S, (b) 900 S,  

and (c) 950 S 
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Fig.6  Frequency of microstructures in Ti-6Al-4V alloy after 

recrystallization annealing at different temperatures 
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Fig.7  Relationship between grain size and recrystallization 

volume fraction of Ti-6Al-4V after recrystallization at 

different temperatures 
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Fig.8  Relationship between hardness and annealing parameter of 

Ti-6Al-4V alloy after recrystallization annealing at 

different temperatures 
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Fig.9  Tensile engineering strain-stress curves of Ti-6Al-4V alloy 

after recrystallization annealing at different temperatures 
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Table 3  Mechanical properties of Ti-6Al-4V alloy after recrystallization annealing at different temperatures 

Temperature/S Hardness, HV/MPa R

p0.2

/MPa R

m

/MPa ε/% ψ/% R

m

×ε/MPa% 

800 3220 857 976 19.9 42.5 19422.4 

900 3080 843 923 20.1 50.6 18552.3 

950 2910 814 953 17.5 30.6 16677.5 
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 10  �� α�� α��������� 

Fig.10  Relationship between equiaxed or lamellar α size and yield strength 
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Fig.11  Fracture surface of Ti-6Al-4V alloy after recrystallization annealing at different temperatures: (a, d) 800*, (b, e) 900 *,  

(c, f) 950 * 
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Abstract: Ti-6Al-4V alloy was thermo-forged in α+β two phase region, and then recrystallized at three different temperatures. The results 

show that the initial microstructures are fully transformed into fine equiaxed α grains and lamellar α+β, which are gradually coarsened with 

increasing the recrystallization annealing temperature. Meanwhile, the relative fraction of recrystallization grains is also increased while 

low angle boundaries show a converse trend. The total elongation and area reduction reach up to 19.9% and 42.5%, respectively, for the 

sample processed at 800 °C. The mechanical properties gradually decrease with the elevated temperature which is attributed to coarse and 

inhomogeneous grains. 
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