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Fig.1  EBSD map (a) and histogram of misorientation angles (b) 

for the specimen solution-treated at 800  for 0.5 h�  
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Fig.2  XRD pattern of the specimen solution-treated at 800 � for 

0.5 h 
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Fig.3  Tensile curves of solution-treated specimens (800  �,  

0.5 h) at different tensile rates 
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Table 1  Mechanical properties of 800 �

��

� solution-treated  

   specimens deformed at different tensile rates 

Tensile rate/mm·min

-1

 TS/MPa UTS/MPa EL/% EM/GPa 

0.3 770.06 1168.60 14.96 64 

3 819.88 1149.75 13.96 68 

10 867.26 1090.45 13.52 73 

20 906.76 1045.02 12.84 75 

Note: TS-triggering stress, UTS-ultimate tensile strength, EL- 

elongation, EM-elastic modulus 
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Fig.4  XRD patterns of the specimens solution-treated at 800 � 

and then deformed at different tensile rates 
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Fig.5  Variation of the work hardening rate with true strain at 

different tensile rates for the solution-treated specimens 
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Fig.6  TEM bright-field (a, c) and dark-field (b, d) images of the solution-treated specimens after tensile deformation at different tensile  

rates: (a, b) 0.3 mm/min and (c, d) 3 mm/min 
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Fig.7  SEM fractographs of the solution-treated specimens after tensile test at different tensile rates: (a) 0.3 mm/min, (b) 3 mm/min,  

(c) 10 mm/min and (d) 20 mm/min 

a 

b 

c 

d 

���

���

�

���

�

���

� �

β

β

β

���

α"

���

α"

���

α"

�����

��

�����

�

α"

β

a 

0.5 µm 

c 

0.3 µm 

d 

0.3 µm 

α″ 

b 

0.3 µm 

α″ 

β 

β 

β 

β 

α 

α 

α 

α 

B



� 1�                     �����51.1Zr-40.2Ti-4.5Al-4.2V�	
��
���������������           �325� 

��������

1) V������
�- 51.1Zr-40.2Ti-4.5Al- 

4.2V��x�Ã β�Ä α″�����α″��=²v¦

¹��³��}|A»Ð% 

2) SIMT; 51.1Zr-40.2Ti-4.5Al-4.2V�����

�b1,Æ�§¨%TS� EM¹��³��}|A}

|�A UTS� ELÒË�%|��T�¡�X��¢

�@ ��� 3�Îß����X��x α″��=�

�l§¨|��T�@ �� 2 ���¹º��³�

�}|�α″��=²v¦}|�� 2 ���|��T

�FGË�% 

3) ��³�b 0.3 mm/min 6�Ï*�+c5H

F
Âjk¼FÃÄë^í«���x���Ï)�

¹º��³��}|���Ï)��5��Ï)�b

É�Ï)%;�l¡X��x α″��=�MF¹��

³��}|AË�1¢% 

 

����    References 

[1] Zhao S, Hou W T, Hao Y L et al. Rare Metal Materials and 

Engineering[J], 2017, 46(S1): 195 

[2] Luo Yumeng(DEF), Liu Jinxu(G	H), Li Shukun(IJK) 

et al. Rare Metal Materials and Engineering(67	89:;

.�)[J], 2018, 47(5): 1334 

[3] Wang Changliang(LMN), Li Feng(I O), Chen Fuwen(P

QR) et al. Rare Metal Materials and Engineering(67	8

9:;.�)[J], 2019, 48(12): 3917 

[4] Liang S X, Ma M Z, Jing R et al. Materials Science and 

Engineering A[J], 2012, 532: 1 

[5] Luan Baifeng(STO), Xie Hui(U V), Liao Zhongni(WXY) 

et al. Rare Metal Materials and Engineering(67	89:;

.�)[J], 2019, 48(8): 2495 

[6] Tan Y B, Liu WC, Xiang S et al. Metallurgical and Materials 

Transactions A[J], 2018, 49(12): 6040 

[7] Paradkar A, Kamat S V, Gogia A K et al. Materials Science 

and Engineering A[J], 2008, 487(1-2): 14 

[8] Tan Yuanbiao(Z[\), Liu Wenchang(GR]), Shi Wei(^ 

_) et al. Rare Metal Materials and Engineering(67	89

:;.�)[J], 2018, 47(12): 3789 

[9] Grosdidier T, Combres Y, Gautier E et al. Metallurgical and 

Materials Transactions A[J], 2000, (4): 1095 

[10] Grosdidier T, Philippe M J. Materials Science and 

Engneering A[J], 2000, 291(1-2): 218 

[11] Duerig T W, Albrecht J, Richter D et al. Acta Meta- 

llurgica[J], 1982, 30(12): 2161 

[12] Paradkar A, Kamat S V, Gogia A K et al. Metallurgical and 

Materials Transactions A[J], 2008, 39(9): 2086 

[13] Paradkar A, Kamat S V. Journal of Alloys and Com- 

pounds[J], 2010, 496(1-2): 178 

[14] Li C, Chen J H, Wu X et al. Materials Science and 

Engineering A[J], 2013, 573:111 

[15] Tang B, Tang B, Han F B et al. Journal of Alloys and 

Compounds[J], 2013, 565: 1 

[16] Hao Y L, Zhang Z B, Li S J et al. Acta Metallurgica[J], 2012, 

60(5): 2169 

[17] Olson G B, Cohen M. Metallurgical and Materials 

Transactions A[J], 1975, 6(4): 791 

[18]  Yu Z T, Zhou L. Materials Science and Engineering A[J], 

2006, 438-440: 391 

[19] Matlakhova L A, Matlakhov A N, Monteiro S N. Materials 

Characterization[J], 2008, 59(9): 1234  

[20] Kim H Y, Wei L, Kobayashi S. Acta Metallurgica[J], 2013, 

61(13): 4874 

[21] Mittra J, Dubey J S, Kulkarni U D. Materials Science and 

Engineering A[J], 2009, 512(1-2): 87  

[22] Guo L L, Chen Z C, Gao L. Materials Science and 

Engineering A[J], 2011, 528(29-30): 8537 

[23] Wang S Q, Liu J H, Chen D L. Materials and Design[J], 2014, 

56: 174  

[24] Feaugas X. Acta Metallurgica[J], 1999, 47(13): 36 

 

Microstructure Evolution and Mechanical Properties of 51.1Zr-40.2Ti-4.5Al-4.2V 

During Tensile Deformation 

 

Yang Qiuyue

1,2

, Tan Yuanbiao

2

, Yin Cunhong

1,2

, Liu Wenchang

3

, Xiang Song

2

, Zhao Fei

2

 

(1. Key Laboratory of Modern Manufacturing Technology of Ministry of Education, Guizhou University, Guiyang 550025, China) 

(2. Guizhou Key Laboratory of Materials Mechanical Behaviour and Microstructure, College of Materials and Metallurgy,  

Guizhou University, Guiyang 550025, China) 

(3. Key Laboratory of Metastable Materials Science and Technology, College of Materials Science and Engineering,  

Yanshan University, Qinhuangdao 066004, China) 



�326�                                        67	89:;.�                                              � 50< 

 

Abstract: The microstructure evolution and mechanical properties of 51.1Zr-40.2Ti-4.5Al-4.2V alloy during tensile deformation at room 

temperature were studied. The results show that the phase transformation from β to α″ phase is observed in the process of tensile 

deformation at room temperature, and the volume fraction of the α″ phase decreases with the increase of the tensile rate. The existence of 

the α″ phase has an obvious effect on the mechanical properties of the alloy. At the tensile rate of 0.3 mm/min, the trigger stress (TS), 

ultimate tensile strength (UTS), elongation (EL) and elastic modulus (EM) are 770.06 MPa, 1168.60 MPa, 14.96% and 64 GPa, 

respectively. TS and EM increase with the increase of tensile rate, while UTS and EL decrease. Three different stages are presented in the 

curve of work hardening rate. Particularly, the second stage is affected by the α″ phase. At a given strain, the work hardening rate at the 

second stage is gradually decreased with increasing the tensile rate. When the tensile rate is 0.3 mm/min, the fracture morphology of the 

alloy is composed of a large number of dimples and a small number of quasi-cleavage planes, which show a typical feature of plastic 

fracture. With the increase of the tensile rate, the fracture mode of the alloy changes from plastic fracture to brittle fracture. This is mainly 

due to the fact that the volume fraction of the α″ phase decreases with the increase of the tensile rate. 

Key words: ZrTiAlV alloys; deformation; stress-induced martensite transformation; work hardening rate 
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