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º 1  FNO»V¼½[\uvYt¾¿ÀÁKÂº 

Fig.1  Initial microstructure (a) and grain boundary orientation (b) 

of T51Z alloy before hot compression test 

0 1ai¼Vª�ÝT β���qr«µ.`
2

$ β¥§q³�W�¥§ü�X- 250 µm 0 1bU4

- β�����
¥¦j%5�Y0�i¼Vª�¥¦

ed,�-«¶I¥¦ZHAGB[�U\]�M- 57%�

âpB 30°~50°^zµ¶I¥¦ZLAGB[�·- 43%  

������	
�

��������-���	
 

0 2 U4- T51Z 45B.¿t�Ì�Â
�#

g-�#t_3�i¼Vªë_3`%ad
bcd�

ºÃ\¥_3�&ì Duan

[10]

2Wdef

[13]

� ZrTiAlV

45{t��-
^�\g�h�zì Nitesh

[14]

2�

Nii45WBabu

[15]

2�./0
{t��-
^�\

g;�«5�  

T51Z45Bt�jTã��kt#g��#t¬


llm3àÄ�n�o�cp#g ¿¤��#t

�Á1t�ÀI
t��45o�cp#gU�#


#tp(ε

p

)�Èt��G� 1U4�iq��t�À

I
Ä�ñ#t�Á
ÅO�o�cp#gU�#


#tpÆÇÅO� 45�nå¬t��r'TÈ

»� &��-Bt�ÀIÄ�ñ#t�ÁÅO¤�

45pÝ÷
s*�glV��zÉÊËÈ�ºÃ

\¥���cp#gU�#
#tpÆÇQµ tk

t#go�cp#g����#t¬
ll�kt#

gÆÇÅOñ�ÅO�`çºp�u.t�Í¢vø


kt»�>Ð &�lmw�1�º»��x|$


\g

[16]

 t�jTã�%45¨©AB«¬°±

yA��¤lmw�\,Þ�kt#gÍm3ll 

z�M0 2a1 2ci¼¢�#t�Á���45t�

Él{|�lmw�¢}Élvø �̂�t�~Ï¡��

kt#go�cp��¤lmw�ì�º»�o��º

W� �̂ocp#gE��t��A�-�ºÃ\¥Õ

Ö��g�È�ºÃ\¥»��t�ºÃ\¥»�\

,Þ¤�kt#g�¢-ÂÅño�ç×p

[17]

  

pQ`Õ
��B0 2dp�t�Ì�- 650 �/10 

s

-1

¤
�#g-�#t_3ª¢_vø
�ç¢} &

��-tt�ÀI(650 �)NO¤�45pÝ÷
�

�.��¥¦
¯��ÁN���°±�®¯1�¯

���I��N��lmw�|$N«�zÞßt�

MN��^¿¤#t�Á(10 s

-1

)N�¤�t�¤U�

��5`¨©�U�A_�HI°±�#gâpN�

��lmw�|$Élvø ��ët�Ì�.�|

-��lm
)�éê  

�0 2 p�i¼¢�t#t�Á�¿¤�kt

#g�t�ÀI
Ä�zÅO ��t�ÀI
àÄ� 

500 µm 

b 

0    10   20   30   40   50   60 

Misorientation Angle/(°) 

0.10

0.08

0.06

0.04

0.02

0.00

R
e
l
a
t
i
v

e
 
F

r
e
q

u
e
n

c
y

 

a 



� 4�                               �  �Ã,β-T51Z1VFNOEU&[\]N�Ä                          ¸1213¸ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

º 2  ³ÅF��NO¦§¨VgNRhij 

Fig.2  True stress-strain curves of T51Z alloy under different conditions: (a) 0.01 s
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, (b) 0.1 s
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, (c) 1 s
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, and (d) 10 s
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Table 1  Strains (ε

p

) corresponding to peak stresses (σ

p

) at 

different temperatures and stain rates 

ε
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 650 ¥ 700 ¥ 750 ¥ 800 ¥ 

0.01 0.0195 0.0187 0.0164 0.0136 

0.1 0.0389 0.0304 0.0270 0.0203 

1 0.0574 0.0477 0.0368 0.0344 

10 0.0707 0.0567 0.0441 0.0402 
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 3  ������ T51Z��������������� ! 

Fig.3  Relationships between peak stresses and strain rates and deformation temperatures under different conditions: 

(a) lnε

�

-lnσ, (b) lnε

�

-σ, (c) lnε

�

-ln[sinh(ασ)], and (d) ln[sinh(ασ)]-1000/T 
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Table 2  Activation energy (Q) of different zirconium alloys 

Alloy Zr-1Nb-1Sn Zr-2.5Nb β-Zr 

Q/kJ·mol

-1

 110 120 112.5 
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Table 3  Values of lnZ at different temperatures and stain rates 
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 650 � 700 � 750 � 800 � 

0.01 16.18 15.12 14.15 13.28 

0.1 18.49 17.42 16.46 15.58 

1 20.79 19.72 18.76 17.88 

10 23.09 22.02 21.06 20.19 

 

 

 

 

 

 

 

 

 

 

 

 

� 4  T51Z �� lnZ-ln[sinh(ασ)]���� 

Fig.4  Relationship between lnZ and ln[sinh(ασ)] of T51Z alloy 
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Fig.5  Microstructures of T51Z alloy at 800 � and different strain rates: (a) 10 s
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, (b) 1 s
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Fig.6  Grain boundary orientation distributions of T51Z alloy at 800 � and different strain rates: 

(a) 10 s
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, (b) 1 s
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, (c) 0.1 s
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, and (d) 0.01 s
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� 7  T51Z�� 0.01 s
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Fig.7  Microstructures of T51Z alloy at 0.01 s

-1

 and different temperatures: (a) 650 �, (b) 700 �, (c) 750 �, and (d) 800 � 
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Fig.8  Grain boundary orientation distributions of T51Z alloy at 0.01 s
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 and different temperatures: 

(a) 700 �, (b) 750 �, and (c) 800 � 
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Fig.9  TEM images of T51Z alloy under different hot compression conditions: (a, b) 650 �/0.01 s
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Hot Deformation Behavior and Microstructure Evolution of β-T51Z Alloy 

 

Mao Min, Luan Baifeng, Li Feitao, Liao Zhongni, Qiu Risheng 

(Chongqing Key Laboratory for Light Metals, International Joint Laboratory for Light Alloys 

Ministry of Education, Chongqing University, Chongqing 400044, China) 

 

Abstract: The hot deformation behavior and microstructure evolution of metastable β-T51Z (51.1Zr-40.2Ti-4.5Al-4.2V) alloy at different 

deformation temperatures and strain rates were studied using Gleeble 3500. EBSD and TEM results show that the compressing curves in 

hot deformation have a typical characteristic of single-peak dynamic recrystallization, and the stress amplification increases gradually with 

the decrease of deformation temperatures or the increase of strain rates. Based on the peak stress, the constitutive equation of thermal 

deformation of alloy was established, and the activation energy Q is 159.57 kJ/mol. The deformation mechanism of alloy during hot 

compression is mainly related to the cross slip of dislocation. The deformation temperature and strain rate have a great influence on the 

deformation microstructure. Dynamic recovery exists throughout the whole hot deformation process. With the increase of deformation 

temperatures or the decrease of strain rates, the fractions of dynamic recrystallization increase gradually. When the deformation 

temperature is 800 °C and strain rate is 10 s

-1

, the adiabatic shear band is easily formed, and the macro/micro deformation is not uniform. 

Key words: β-T51Z alloy; thermal simulation; constitutive equation; deformed structure; dislocation slip; dynamic recrystallization  
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