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Fig.1  XRD patterns of solid solution (a) and semi-solid solution (b~d) treated alloys after aging for 0, 4, 8 h:'(a) S850, (b) S950,       

(c) S1000, and (d) S1050  
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Fig.2  SEM images of solid solution (a) and semi-solid solution (b~d) treated alloys after aging at 430  for 4 h: (a) S850� , (b) S950,    

(c) S1000, and (d) S1050 
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Table 1  EDS analysis results of constituent phases indicated by arrows 1~7 in Fig.2 (at%) 

Alloy� Site Mn Cu Ni Al Zn Fe 

S850 1 63.7 27.7 2.9 2.0 2.0 1.7 

2 71.6 19.3 3.2 1.8 1.4 2.7 

S950 

3 41.8 50.4 2.3 1.7 3.8 0 

4 71.7 18.1 2.9 2.7 1.2 3.4 

S1000 

5 44.8 47.1 2.7 1.4 4.0 0 

6 74.1 16.6 3.1 1.4 0.9 3.9 

S1050 

7 48.7 44.5 2.2 1.1 3.5 0 
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Fig.3  Variation of damping capacity with strain amplitude for the solid solution (a) and semi-solid solution (b~d) treated alloys after 

aging for 0~16 h: (a) S850, (b) S950, (c) S1000, and (d) S1050  
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� 4  � 2 h��,-� S950��./01234� TEM56 

Fig.4  TEM image of typical twin structure in S950 alloy after 

aging treatment for 2 h�
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Fig.5  Variation of damping capacity with environment temperature for the solid solution (a) and semi-solid solution (b~d) treated alloys 

after for 2, 4, 8 h at a strain amplitude of 6×10

-4

 and a frequency of 1 Hz: (a) S850, (b) S950, (c) S1000, and (d) S1050 
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Fig.6  Variation of damping capacity (a~d) and relative modulus (e~h) for the solid solution (a, e) and semi-solid solution (b~d, f~h) 

treated alloys after aging with temperature at different frequencies with a heating rate of 0.8 /min and a strain amplitude of �

6×10

-4

: (a, e) S850, (b, f) S950, (c, g) S1000, and (d, h) S1050 

 

���������	
��

� 7 ��������	��
������

��� 3 ���
�������������� 

!�"� 7 #� 3 $%&S950 � S1000 
�('()

*+)����������� !,-. S850
��

/0&12��	�����3-&S1050 
���

�456789:&;���������� !<

=> S850 
�?:�@ABCDEFG&H S850  

-100 -50 0 50 100 150 200

0.00

0.01

0.02

0.03

0.04

0.05

 

 

D
a

m
p

i
n

g
 
C

a
p

a
c
i
t
y

,
 
Q

-
1

 1 Hz

 5 Hz

 10 Hz

a

-100 -50 0 50 100 150 200

0.18

0.20

0.22

0.24

0.26

 

 

R
e

l
a
t
i
v

e
 
M

o
d

u
l
u
s
,
 
E

 

 1 Hz

 5 Hz

 10 Hz

e

70 �

-100 -50 0 50 100 150 200

0.00

0.01

0.02

0.03

0.04

0.05

0.06

 

 

D
a
m

p
i
n

g
 
C

a
p

a
c
i
t
y

,
 
Q

-
1

 1 Hz

 5 Hz

 10 Hz

b

-100 -50 0 50 100 150 200

0.18

0.20

0.22

0.24

0.26

0.28

 

 

R
e
l
a
t
i
v

e
 
M

o
d

u
l
u

s
,
 
E

 1 Hz

 5 Hz

 10 Hz

f

75 �

-100 -50 0 50 100 150 200

0.00

0.01

0.02

0.03

0.04

0.05

 

 

D
a
m

p
i
n

g
 
C

a
p

a
c

i
t
y

,
 
Q

-
1

 1 Hz

 5 Hz

 10 Hz

c

Phase transformation

damping peak

Twin relaxation peak

-100 -50 0 50 100 150 200

0.19

0.20

0.21

0.22

0.23

0.24

0.25

0.26

0.27

 

 

R
e
l
a
t
i
v

e
 
M

o
d

u
l
u

s
,
 
E

 1 Hz

 5 Hz

 10 Hz

 90 �

g

-100 -50 0 50 100 150 200

0.00

0.01

0.02

0.03

0.04

 

 

D
a
m

p
i
n

g
 
C

a
p

a
c
i
t
y

,
 
Q

-
1

Temperature,T/�

 1 Hz

 5 Hz

 10 Hz

d

Twin relaxation peak

Phase t ransformat ion

damping peak

-100 -50 0 50 100 150 200

0.19

0.20

0.21

0.22

0.23

0.24

 

 

R
e
l
a
t
i
v

e
 
M

o
d

u
l
u

s
,
 
E

Temperature, T/�

 1 Hz

 5 Hz

 10 Hz

100 �

h



� 3�                                ������	
	����Mn-Cu����������                    �985�  

 

� 2  �������	
������������� 

����� 

Table 2  Enthalpy of activation by twinning boundary 

relaxation of solid solution and semisolid solution 

treated alloys after aging at 430  for 4 h�

��

�   

Alloy Enthalpy of activation/kJ·mol

-1

�

S850 90.29 

S950 86.57 

S1000 82.78 

S1050 156.79 
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Fig.7  Engineering stress-strain curves of the solid solution (a) and semi-solid solution (b~d) treated alloys after aging for 2, 4 h at room 

temperature: (a) S850, (b) S950, (c) S1000, and (d) S1050  
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Table 3  Tensile strength, elongation, and product of strength and ductility of solid solution and semi-solid solution treated alloys  

after aging for 2, 4 h at room temperature  

Alloy Aging time/h Tensile strength/MPa Elongation/% Product of strength and ductility/GPa·% 

2 405±21 9.46±0.51 3.83 

S850 

4 464±23 11.9±0.73 5.52 

2 466±20 16.4±0.92 7.64 

S950 

4 442±18 21.2±0.91 9.37 

2 420±25 13.6±0.64 5.37 

S1000 

4 452±30 12.3±0.53 5.56 

2 350±22 9.11±0.47 3.19 

S1050 

4 352±18 8.31±0.42 2.93 
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Fig.8  Typical tensile fracture SEM morphologies of solid solution (a) and semi-solid solution (b~d) treated alloys after aging at 430  �

for 4 h: (a) S850, (b) S950, (c) S1000, and (d) S1050 
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Effect of Semi-solid Solution and Aging on Microstructure and  

Properties of Mn-Cu Alloy 

�

You Weixing, Zhang Song, Xu Yonggang, Deng Minghong, Xu Xiaoqiang, Zeng Qihao 

(Key Laboratory of Advanced Technologies of Materials, Ministry of Education, School of Materials Science and Engineering, Southwest 

Jiaotong University, Chengdu 610031, China) 

 

Abstract: Mn65-Cu23.75-Zn3-Al3-Ni3-Fe2-Ce0.05 (at%) alloy was prepared by vacuum induction melting method, and then rolled at 400 ºC 

with a height reduction of 40% and further annealed at 800 ºC for 5 h. The alloy samples were solid solution and semi-solid solution treated 

at 850 ºC and 950~1050 ºC for 20 min, respectively, and then aged at 430 ºC for 0~16 h. The effects of semi-solid solution temperature and 

aging time on the microstructure, damping capacity and mechanical properties of Mn-Cu alloys were studied. The results show that the 

microstructure of solid solution treated alloy is composed of a single γ-MnCu phase, while that of the semi-solid solution treated one 

comprises Mn-rich and Mn-poor γ-MnCu phases. The amount of Mn-poor γ-MnCu phase gradually rises with the increase in semi-solid 

solution temperature. The damping capacity of the alloy firstly increases and then deceases with the increase of aging time. Under optimal 

aging conditions, the damping capacity of the alloy is improved at a relatively lower semi-solid solution temperature while degraded at a 

relatively higher semi-solid solution temperature. The tensile properties of the alloys semi-solid solution treated at 950 and 1000 ºC are 

improved compared to the alloy solid solution treated at 850 ºC (especially, the product of strength and ductility of S950 alloy is 70% 

higher than that of S850 one). However, the product of strength and ductility of the alloy decreases instead with further increase in 

semi-solid solution temperature. 

Key words: Mn-Cu base alloy; semi-solid solution; aging; damping capacity; mechanical properties 
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