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Fig.1  True stress-true strain curves of Cu-1.0Zr- 0.15Y alloy: (a)
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Fig.2  TEM micrograph of Cu-1.0%Zr-0.15%Y alloy at 

550  (� ε

�

= 0. 1 s

-1

) 

 

Ev5Ø� ²Y�xFG�H2;�5xFPIÕ

�JE5NK3�LM!NO5u�PQñ�xFM

R®5���«Ê�ST(P��§�È�	�v

2"¨©ª5vu��²Y��OUH@VJ�53

�ÕÖ.y5xFPWX;Y
ZO
[|!\ß�

JE5�CxFZ]W^5PWë�xFM_`a

b��@ccde�fñ®5u�xFf5xFG

�ª�5DO 2�g(�SPò��-ò�v)�h?

S9?��%5DO 1dE� 550 �(P�	vu§�

È���v2"¨©ª5vu�Ji)ÕÖ×��j

�u�!<R5��k�2"R�uvÊ�2"5�S

Pò��-ò�v)�h?S9?�ª�5DO 1cE�

900 �(luvÊ�2"gÕÖ.y!ÕÖ×�2"

Nlc5ò��-ò�v)�;�mÖ5DO 1b E�

650 �(0��nWëop�¥¦w�P���«�J

EÕÖÊ�!ÕÖk�ëc3�NKqr�Û( 

�������	
�������

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

50

100

150

200

250

T
r
u
e
 
S

t
r
e
s
s
/
M

P
a

True Strain

550 �

650 �

750��

850��

900��

c

 

 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

50

100

150

200

250

 

True Strain

550��

650 �

750��

850 �

900 �

 

 

d

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

50

100

150

200

250

True Strain

550 �

650��

750 �

850��

900��

e

 

 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

20

40

60

80

100

120

140

160

T
r
u
e
 
S
t
r
e
s
s
/
M

P
a

550 �

650 �

750 �

850 �

900 �

a

 

 

0.0  0.1  0.2  0.3  0.4  0.5  0.6  0.7 

b 

200

160

120

80

40

0

550 � 

650 � 

750 � 

850 � 

900 � 

200 nm 



� 4 �                            �  ���� Zr �	 Cu-1.0%Zr-0.15%Y
������                       �1145� 

��������	
��������
�

����
��� T��
�� ε

�

�Sellars�Bruni�

� Arrhenius!"�#$%&'()�*+,- σ.

ε

�

� T�!"

[13-15]

/ 

( ) exp

Q

AF

RT

ε σ

 

= −

 

 

�

                    011 

*(1)2 F(σ)����34�567�89:; 3<6

7��*

[16]

/ 

( )

1

1 exp 0.8

n

Q

A

RT

ε σ ασ

 

= − <

 

 

�

             021 

( )

( )

2exp exp 1.2

Q

A

RT

ε βσ ασ

 

= − >

 

 

�

         031 

( )

h expsin

n Q

A

RT

ε ασ

 

= −

 

 

 

 

�

               041 

*(2)~(4)2�A�A

1

�A

2

�=>?@An���B4Aα

���CDE4AR�FGH4AQ�
���I� 

% Zener-HollomonE4�34+,-����


��
���4JKL�M:*

[17,18]

/ 

( )

sinh

n

Z A ασ=

 

 

                        

051

 

1 1ln ln ln

Q

A n

RT

ε σ= − +

�

                   061 

2ln ln

Q

A

RT

ε βσ= − +

�

                     071 

ln ln ln[sinh( )]Z A n ασ= +                  081 

NOP lnε

�

� lnσ �QRSPT lnε

�

� σ �QR

SUV�W n

1

�XY ln ln-ε σ

�

�Z��β �XY ln -σε

�

�Z��[%\]^_`Y	ab�n

1

�cd��\

]� 3eZ��Dfd�=gMV 3ahiA�cd�

�\j� 3 eZ��Dfd�=gMV 3b hiAW

1n

β

α = =0.012�k*(4)l 1/Tmnop/ 

ln[sinh( )] ln

(1/ ) ln[sinh( )]

T

Q R nRK

T

ε

ασ ε

ασ

∂ ∂

= ⋅ =

∂ ∂

�

�

   091 

� cd���l����.�
��NOUq

ln - ln[sinh( )]ε ασ

�

� ln[sinh( )]-1/Tασ 'Y�=gMV

3c.3dhi� ln - ln[sinh( )]ε ασ

�

 58Z��Dfd% n

ri� ln[sinh( )]-1/Tασ 58Z��Dfd% Kri�

mp n=8.70�K=5.24�hP Q=nRK=379.16 kJ/mol�

s ε

�

.T� Qtuv�Uq ln - ln[sinh( )]Z ασ �MV 3e

hi�wx� ln A =39.63�hP A=e

39.63

�yz-E4

{|*(4)p} Cu-1.0%Zr-0.15%Y ~����
�

�
���>��/ 

( )

[ ]

3

8.70

379.16 10

39.63

e sinh 0.012 exp

8.314T

ε σ

 

×

= −

 

 

 

�

0101 

��I��������	
�v����@

������������teI�d�����

�	
������te��E4����
�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  Cu-1.0%Zr-0.15%Y �������	
���	������� 

Fig.3  Relationship among peak flow stress, deformation temperature and strain rate of Cu-1.0%Zr-0.15%Y alloy: (a) ln ln-ε σ
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Fig.4  TEM micrograph (a) and SAED pattern (b) of Cu-1.0%Zr- 

0.15%Y alloy at 850 � and the strain rate of 10 s
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Fig.6  Microstructures of Cu-1.0%Zr-0.15%Y alloy compressed 

at different strain rates at 900 �: (a) ε
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Fig.7  Microstructures of Cu-1.0%Zr (a) and Cu-1.0%Zr-0.15%Y (b) 

alloys solution treated at 900 � for 1 h 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 8  Cu-1.0%Zr� Cu-1.0%Zr-0.15%Y��� 850 �"#��

()*+: ε

�

=0.1 s

-1

; 

Fig.8  Microstructures of Cu-1.0%Zr (a) and Cu-1.0%Zr-0.15%Y (b) 

alloy hot deformed at 850 � ( ε
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Hot Deformation Behavior of Cu-1.0%Zr-0.15%Y Alloy with High Zr Content 
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Abstract: The isothermal hot compression test of Cu-1.0%Zr-0.15%Y alloy was carried out using a Gleeble-1500D thermal simulation 

machine. The characteristics of true stress-true strain, microstructure evolution and hot deformation mechanism of the alloy were investigated 

at elevated temperature of 550~900 °C and at the strain rates of 0.001~10 s

-1

. The results show that the typical characteristics of dynamic 

recovery occur at the deformation temperature of 550~750 °C, while the characteristics of dynamic recrystallization occur at the deformation 

temperature of 850~900 °C. The deformation temperature and strain rates have significant effects on the microstructure of Cu-1.0%Zr-0.15%Y 

alloy. Based on the true stress-strain curves, the constitutive equation of the flow stress and strain rates as well as deformation temperature 

during isothermal compression deformation is established. The hot deformation activation energy of the Cu-1.0%Zr-0.15%Y alloy is 379.16 

kJ/mol, which is increased by 81% compared with that of pure copper. The addition of rare earth element Y not only refines the alloy grains but 

also promotes the dynamic recrystallization. 

Key words: high Zr content; Cu-1.0%Zr-0.15%Y alloy; hot deformation; constitutive equation; dynamic recrystallization 
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