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Table 1  Heat treatment process of ZK60 alloys 

Process No. Heat treatment process 

F Extrusion state 

T5 180 �, 24 h 

T4 400 �, 3 h 

T6 400 �, 3 h+180 �, 24 h 
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Fig.1  OM microstructures of ZK60 magnesium alloys by different 

heat treatments: (a) F, (b) T5, (c) T4, and (d) T6 
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Fig.2  Mechanical properties of ZK60 magnesium alloys by 

different heat treatments 
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Fig.3  Relationship between damping capacity Q

-1

 of ZK60 

magnesium alloys and strain amplitude 

a b 

c 

d 

50 µm 

F T5 T4 T6

0

50

100

150

200

250

300

350

400

450

Process

 

 

17.2

254.7

319.0

15.1

221.0

328.0

14.1

12.7

271.1

322.2

246.6

334.9

E
l
o
n
g
a
t
i
o
n
,
 
δ
/
%

40

 

30

20

T
e
n
s
i
l
e
 
S

t
r
e
n
g
h
t
/
M

P
a

 Ultimate strength

 Yield strength

 Elongation

10

10

-3

10

-2

10

-1

10

0

0.00

0.05

0.10

0.15

0.20

 F

 T5

 T4

 T6

 

 

Q

-
1

ε/%



� 6�                              "#$N6_TUa ZK6078�e��KLfghij                           �1031� 

��������

klB2§¨=¥5|��<X�P
òó6`

&FG����"é·%
�P0I�
��ÓM�

� 
��<X)*y�¹º

[7]

0��
;P2�4

5)¢WIh²�©� 
��<X��&��z;

���:�+Óz���:�!{S�
�|~$Ó

zR}�8a�9��:~�
��&������

� 
��<XÓ)*�4
y�¹º�yé·%�

!{
��h��~$�A!{��v}���¹º

��<X
¯��.E

[8]

0�9�� ��<X
0

�wÙ��[|!{
Ô
�P&h�lÎ��

[9]

0

 ®¢h���<Xz���<Xzw
»¼0 

ÑÒ×lÎ±²
 T5ÔlBR)oE�pl� 1

W���¥ T5¨=×�lB���� ���
��

i|
!{(�xMA������OPR)}E�

yzFG2±²¥5|h�Ob�	Mé·�`al

B|��b�	/0T�0v};�
��b�	&

é·
 β(MgZn)	�¸�;�
é·	�lBR)


.E&&h�
0³´¨=±�AÑÒ¥5|)*


h-Gb�	é·
�pJ���lBK ef��

+!{x��
���h/0
�EÖ¨=×
��

�p���0`aiOPR)hb-G0�¥ T6 ¨

=×�lB|é·°b�	�¸�b�	
ðñ2a

±²á)õ/0�G T5 �Ô�`aR)Mh�45

)
-G

[10]

0 

ÑÒ×v§¨=ÔlBE#��öõ��<Xo

w�WXhIõ6`ùb��'� 1 ������;

�
�Ô�p���o��¸ 2 ��7
��t��

 
��<X�-úb���¥ÑÒ×�A��O


!{	��p�-G°W�!{
�)0 

³´¨=×��ho�
E#��ö��<X�

i|hIõh-G��.E
`�ùb��³´¨=

×����+°���z��iH·x���7�h

-G!{
S�úb��EÖõ
�±��Ö�WI

�8!{
	��p�T\°W�!{
�)úb��

é·%´Q [h-G!{��0`a³´¨=×�

�<X�+�P0³´×�±²¨=�³´¨=	v�

E#��ö��hbõ-0¸�±²×b�	
é·

h��h�0³´¨=×�¯T±²��Å6ãIb

�	
�Ðé·0b�	
T\�T\°!{
R�

�_�'yA�2E#��öõ�!{��{�BC�

��<Xhbõ-�ylÎ±²Ô
��<Xow&

&¸`6`�lÎ±²Ô
é·%v³´×±²Ô


dó���bI�!{��
��~${R���<

X&%{w0 

o×�� 
���iß�
� ¡&&�î	

h
�¸� ¡¢£!{Q�:QßEFx

[11]

0BC

"lB2ôÖ±
_ ¡��,iß���:¤<¥

���
���2}EÖ)õ
*�a92®½¾


lB� |v
H0ß¦§¨ßEF�`a�WI©

�®½¾|
��&F!{ª«
�$ G-LwDW�

�
?¬!{��

[12]

0 

89 G-L!{��wD

[13]

�2GÖõklB��

&FW�!{�_ ¡
��~$)*
0�[|!

{8°­���W�
_ ¡(�®!{¯°_¨±

²�ã�³�“R�”)��9�d­��WI!�
_

 ¡(u�Å6ãQ´!x�³�“µ�”)���02�

#��öõ�!{2R��_¨­��¶��&2µ

�_��“··”~¸¹S��2S�¥5|�º»P

����'yª«}�
K¼�W$uõ�ÐÚÛ

[14]

ù 

1 4 2

o c

= /(36 )Q BL GbΛ ω

−

                     Ä2Ç 

Ð|ùΛ�W�!{�)�L

c

�µ��_��
�)�

ω�(øç�G�½îwO�b�¾¿ÀO�B�ÁÆ0 

2E#��öõ�r9\#�T\+��#�±�

!{2µ��_¨!�y
*bÂ“ÃÄÐ”
��¥

5��r#�ÅÆ±�!{SÇ;<ÈÉ�o×­Ê

«��¶02���ÉË
¥5|�!{
S�ÌÍ

�¦��#
#�-#�÷í¢Îh�Ï:×Ëí�`

y)*°��
���$uõ�ÐÚÛ

[15]

ù 

1

1 2

h

exp( )

C C

Q

ε ε

−

= −

                       Ä3Ç 

3 2 2

1 N c

/ πC L K LΩΛ ηα=

                     Ä4Ç 

2 c

/C K Lηα=                            Ä5Ç 

Ð|ùε&#��ö�Ω�ÐÑ`ã�K��;<�Æ


[ÑÒ<�ÝìÐÑhh
`ã�η �´Å�´Ó

6ã
{Ô�Æ�α �_ÕÁÆ�L

N

&R��_��


�)�L

c

&µ��_��
�)0a�ÐdW�   

Ö�ù 

1 1

h 1 2

ln( ) lnQ C Cε ε

− −

⋅ = −                    Ä6Ç 

W� ln(ε·Q

h

-1

)� ε

 -1

#�í�h���×� lnC

1

�Øç

�–C

2

0� 4&89½¾Æ9~·
 ln(ε·Q

h

-1

)� ε

 -1




h��0�|
líh�</®½¾| 3 �§¨=�

]õÜÝ
��T�Ùl G-L!{��=>0 

89Ä6ÇÐW��lB��<X
��òóF�

 ®�dÆ C

1

� C

2

bÚ4�n C

1

z�QC

2

z��l

B
��<Xz�0'� 4 WI�·�T4 Ô� T6 Ô


ØçÄ� C

2

hhÇ�Ý��& T4Ô
�×Ä� C

1

hhÇ�G T6 Ô�bI T4 Ô��<XEG T6 Ô�

y T5 Ô
Øç�G�9 2 �§¨=Ô�bI��< 



�1032�                                          �������	
                                           � 38� 

 

 

 

 

 

 

 

 


 4  ZK60���������� G-L�� 

Fig.4  G-L plots of ZK60 magnesium alloys 
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Influence of Heat Treatment on Mechanical and Damping Properties 

of As-Extruded ZK60 Magnesium Alloy 

 

Wang Jingfeng, Gao Shan, Pan Fusheng, Tang Aitao, Ding Peidao 

(National Engineering Research Center for Magnesium Alloys, Chongqing University, Chongqing 400044, China) 

 

Abstract: The microstructure, mechanical and damping properties of ZK60 magnesium alloy in the solution treatment, ageing treatment 

and solution-ageing treatment states were investigated by using the optical microscope, tensile test and dynamic mechanical analyzer. The 

results show that the three heat treatments have some influences on the ultimate strength, the yield strength and the elongation of ZK60 

magnesium alloys, and improve their damping properties to some extent. The influences of heat treatment technology on damping 

properties can be explained by the G-L theory. 

Key words: magnesium alloy; mechanical property; damping capacity; dislocation 
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