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Table 1  Chemical composition of the received Ti-55531 alloy  

(ω/%) 

Al Mo V Cr Zr Fe Impurity 

5.20 4.92 4.96 2.99 1.08 0.40 0.16 

kLÝÞIUlÝÞU[¸¡mN��¶nuo�

pq�KrollIre3 mL HNO

3

 + 1.5 mL HF + 100 mL 

H

2

Og�9stÌ�*' NOVATM Nano SEM 230u

vRw®3xeSEMg4è3456.åæ�ç*'

JEOL JEM-2100FyzRw®3xHU{`w TEM4

è�2U TEM�U\]�$ì!"¶n]|E 100 µm�

ÊÌ*'«}R~�e600 mL CH

3

OH + 350 mL 

CH

3

(CH

2

)

3

OH + 50 mL HClO

4

gkÅÀ-20~-30 =�R

Ý 22~25 Vnop«}]|E�P. 

2  ����� 

2.1  ��������	 

� 1 ��\ñ�L�>�?Õé� Ti-55531 ��

MF³ 56.��§c�VW α 9k β ��Ubc

�	z
� ¡������ 60°�ä� Burgers ¡

���2UVW α�À� 2~4 µm��À 0.2~0.5 µm�

�Ãz�� 30%. 

2.2  ��
��
������ 

� 2�k²ÉMF#$$�H Ti-55531��`w

LÝÞ¢�c��VW α �Mw��ÝÞ¸¡��U

�[9:�2Ue {MB 0.1�0.4h 0.7�z;H{

(N §¨�M�@��M�@`a×m�VW α X

Y��g�¢�3456W�.�� 2a9:�k 750 

=/10

-3

 s

-1

#$$�{MB ε=0.1¢��Êmíz α9

���VWFG��q β ��kLÝÞ='�$�l

LM��¡§¨d����ÙÚVW α ÆÏ�§¨�


���l��(ÝÞ[�ºw(LM��¡�¸¡

üý�£V α1 β�����³  ¡���ÜX�.

åæ�� 2aç®:VW α1ÝÞ[��� ¡��H

2XYw�IP?^_����12�üý¸¡�V 

 

 

 

 

 

 

 

 

 

 

 

 

» 1  J]¼½5¾¿ºÀ¨Á- Ti-555310	FX'(+, 

Fig.1  Initial microstructure of the two-step heat treated Ti-55531 

alloy for the following hot compression 

5 µm 
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» 2  1�ÃFXÄÅ4& Ti-555310	ª<567jÆ��-)* αZF<= 

Fig.2  Evolution of acicular α during the hot compression of Ti-55531 alloy under the different deformation conditions of           
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» 3  Ti-5555310	�`a αb β¼`e0 Burgersfghij-89Z{ TEMÇÈÉ`E-ÊËÌÍÎÏÐÑ 

Fig.3  TEM images and SEAD pattern of the micro evolution with the Burgers orientation relationship between the neighboring α and β 

phases in Ti-55531 alloy: (a) slip transmission of dislocations at α/β interface at the strain of 0.1; (b) formation of sub-structure in α 

and β phases at the strain of 0.4; (c) hedging of β phase into acicular α phase along α/α interface 
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» 4  Ti-555310	�`a αb β¼`�e0 Burgersfghij-89Z{ TEMÇÈ 

Fig.4  TEM images for the micro evolution without the Burgers orientation relationship between the neighboring α and β phases in 

Ti-55531 alloy: (a) piling-up of dislocations at α/β interface at the strain of 0.1; (b) formation of local shear bands in acicular α at 

the strain of 0.4; (c) hedging of β phase into acicular α phase along interface among shear bands 
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Sub-structure Formation and Fragmentation of Acicular α Phase at Different 

Orientations of α/β Interface in Ti-5A1-5Mo-5V-3Cr-1Zr near β Titanium Alloy 

 

Li Shaojun, Lv Yaping, Zhang Xiaoyong, Zhou Kechao 

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China) 

 

Abstract: Ti-5A1-5Mo-5V-3Cr-1Zr near β titanium alloy containing the initial acicular α was hot compressed in the temperature region of 

750~775 °C and the strain rate of 10

-3

~10

-1

 s

-1

, in which the fragmentation behavior of acicular α was investigated. The results show that 

with the increase in strain, the acicular α undergoes the rotation displacement, partial fragmentation, and complete fragmentation to the 

equiaxed morphology. During the fragmentation of acicular α, when the Burgers orientation relationship exists between neighbor α and β 

phases, the dislocations in β matrix are easy to enter the neighbor acicular α through slip transmission at α/β interface, forming 

high-density dislocations and then transforming to the sub-microstructures in acicular α. In case of no Burgers orientation relationship 

between neighbor α and β phases, the dislocations pile up at some α/β interface with the large orientation discrepancy. The as-resulted local 

stress concentration causes the formation of sub-microstructures of local shear bands in acicular α. Subsequently the β matrix hedges into 

the acicular α along the interfaces among sub-microstructures, leading to the fragmentation of acicular α. The temperature increase 

promotes the dynamic β recovery and then decreases the dislocation density, which is not beneficial to the formation of sub-microstructures 

in acicular α. The increase in strain rate greatly shortens the deformation time, which suggests that the formation of high-density 

dislocations and then transformation to the sub-microstructures may not perform sufficiently in acicular α. As a result, the increase in 

temperature and in strain rate both delays the fragmentation of acicular α. 
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