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Table 1  Characteristics of Al-Si alloys and copper 

 Al-1.82%Si Al-4.84%Si Al-8.66%Si Cu 

Tensile 

strength/ 

MPa 

96 113 132 235 

Elongation 

/% 

33.8 32.2 27.7 51.5 

Dimension 

/mm

3

 

110×25×0.75 120×25×0.75 

>�fgbhi��jTbGk¿lqm3 2��Ì�

n�XY¶��>�ª 2�i��Ì���>¢�·�

op©(qAl-Si �X2rð Si sám3^��C±�

�F|t�SiÍ�éI�ghij�u´�ijT!é

x�é���ij��Ft�rð Si�véwÎq��

Image-Pro-Plus xyd( Si Í�² 1.82%�^´ 8.66%

�<=XY¶��>�·�ú�~ 5.41�5.84�6.21 µm�

lr�^�·�/0M3zo/VW�XY¶��>�

·��lzo Cu {�XY¶��>·�y|}§D~

SiÍ���|1�K��bBgÉM����{|[\

2 Al-Si �X§/�©�����ÃVW/�ðW_±

M�
��ij�_±

[14]

�3ª�_±7�½ghij

�þ��B��+-KC=�3 SiÍ�I� Al-Si�X

VW2���£�rð Si��VWm3x����ò{

Bx�ªØ��¦�~f�Gsij��R�^s/g

h± Al-Si �XVWij�Ã(<=XY¶��>�·

��^+ 


�
�����������

b 2~�Ì SiÍ�7Cu/Al-Si��«�Ö����

Á�8{��N+�ë SiÍ���^���«�Ö��

��x�Á�8��µv+fg�N�{�¤¥bG�

¿��«�J���ABu���w3 SiÍ�~ 4.84%

����Ö����Á�8ú�~ 188.63 MPa�39.1%�

ª0wÎ��G9�-.I3©Ì��7� Cu/Al ��

���Ö����Á�8

[15]

+Cu/Al ����3��{

|[\2�!@AB§VW���AB��©P�Ü/

¢�½¢?<=XY¢�����A1�©o����

[\1��W{|�<=,/�½¢�{|¦ô´��

��!$���{Â����

[16]

+����Ë����

ë SiÍ���^�Cu/Al��«�Ö���ì���î

ï�Á�87��gÉbGã~M�������rð

SiKÃD3VW2 !ú����VWXY+-KC=�

Al-Si �X2zo ¡=���£rð Si Y�¢£©�

b{|�×©���3¤<��!���7�VW2¥

¦��§��Ü¥¦§�¨[�����©��fgª

«¬uOrowanw4��Ã¥¦�[���þ�<®�

!

[17]

~e 

(

2

T

d

b

τ∆ �

�

                             u1w 

a2eT~¥¦�N¯!�b~°±²��³�d~©´

���¶a+Ü SiÍ����^��Ñµë���¶ 

a� dév�ÉÊ¥¦¨[��§��þ�<®�!

�^������x�Al-Si�XVW�����§/V

W·¸�<=�!�{$������¾�~�� 



� 1�                               ���]/Si�1278 Cu/Al-Si>?@IJ���st��                   �225� 

 

 

 

 

 

 

 

 

 

� 1  AB SiCD; Cu/Al-Si>?@6���� 

Fig.1  Microstructures of Cu/Al-Si alloy clads with different Si contents: (a) Cu/Al-1.82%Si, (b) Cu/Al-4.84%Si, and (c) Cu/Al-8.66%Si 
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Fig.2  Tensile properties of Cu/Al-Si alloy clads with different Si 

contents 
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� 3 AB SiCD6 Cu/Al-Si?>?@YZyz{| 

Fig.3  Tensile fracture morphologies of Cu/Al-Si alloy clads with different Si contents: (a) Cu/Al-1.82%Si, (b) Cu/Al-4.84%Si, and    

(c) Cu/Al-8.66%Si  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 4  AB SiCD; Cu/Al-Si>?@6nokP 

Fig.4  Peeling strength of Cu/Al-Si alloy clads with different Si 

content: (a) peeling strength vs. silicon content curve and (b) 

peeling force vs. displacement curves  
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� 5  AB SiCD6 Cu/Al-Si?>?@noJT�_` 

Fig.5  XRD patterns of peeled Cu/Al-Si alloy clads with different Si 

contents in Al-Si side (a) and Cu (b) (1#-Cu/Al-1.82% Si; 2#- 

Cu/Al-4.84% Si; 3#-Cu/Al-8.66% Si) 

 

�Þ¾=óM<=��>�û5�Þ�ô
¼Ç�^

�×�¢���lrª�v§ Chen (N

[13]

�-.�

�©K�+É~ Al

2

Cu § Al-Si �X<=? Al

4

Cu

9

§

Cu <=�����0I� Al

2

Cu § Al

4

Cu

9

<=��

G�ÞÑ/03 Al

2

Cu� Al

4

Cu

9

Ç¶iÒÁ��Ì��

��[\2KØ¹A��>bB¦�õ+²��!§

¥Æ�N2bGñ���NìÇ°ö|�ª/0M

0 2 4 6 8 10 12 14

0

5

10

15

20

25

30

35

40

Cu/Al-8.66%Si

Cu/Al-4.84%Si

Cu/Al-1.82%Si

 

 

P
e

e
l
i
n

g
 
F

o
r
c
e
/
N

Displacement/mm

b

a b 

c 

20 40 60 80 100

*

**

*

*

*

*

.

I
n
t
e
n
s
i
t
y
/
a
.
u
.

1#

a

*

 

    Al

    Si

* Al

2

Cu

   Al

4

Cu

9

2#

3#

20 40 60 80 100

*

   Cu

   Al

4

Cu

9

* AlCu

 

 

I
n
t
e
n
s
i
t
y
/
a
.
u
.

2θ /(

o

)

1#

2#

3#

b

1 2 3 4 5 6 7 8 9

0.8

1.2

1.6

2.0

2.4

2.8

3.2

 

 

Silicon Content/%

a

P
e
e
l
i
n

g
 
S

t
r
e
n

g
t
h

/
N

·
m

m

-
1

 

Silicon Content, ω/% 



� 1�                              �����Si�	
�� Cu/Al-Si�����������                   �227� 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

� 6  Cu/Al-4.84%Si��������� !"#$� 

Fig.6  Morphology and electron probe micro-analysis of peeled Cu/Al-4.84%Si alloy clads: SEM images of Cu side (a) and Al-4.84%Si 

alloy side (b); (a

1

)~(a

4

) for SE image of peeled Cu and corresponding EPMA image of element Cu, Al, Si, respectively; (b

1

)~(b

4

) 

for SE image of peeled Al-4.84%Si alloy and corresponding EPMA image of element Cu, Al, Si, respectively 
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Silicon on Microstructure and Mechanical Properties of Asymmetric Roll Bonded 

Cu/Al-Si Alloy Clads 

 

Liu Guoping, Wang Ping, Zhao Yingying, Chang Dongxu 

 (Key Laboratory of National Education Ministry for Electromagnetic Processing of Materials, Northeastern University, Shenyang 110004, 

China) 

 

Abstract: Cu/Al-Si alloy clads were cold roll bonded with a mismatch speed ratio of 1.7 at ambient temperature, and uniform intermetallic 

compounds (IMCs) were formed when these Cu/Al-Si alloy laminates with different silicon contents were annealed at 400 °C for 30 min. 

OM, SEM, EPMA, XRD, and tensile machine were used to analyze the effects of silicon content. Results show that the width of IMCs 

reaches the maximum at 8.66% (wt%) silicon content. With increase of silicon in Al-Si alloy, the tensile strength of laminated composites 

increases while elongation and peeling strength of composites drop down, and their comprehensive tensile properties reach the best at 

4.84% with tensile strength and elongation of 188.63 MPa and 39.1%, respectively. Meanwhile, fracture morphology of Cu/Al-Si alloy 

laminates in Cu side is ridge-like, and structure of Al-Si alloy in center region is mainly of dimples; the more silicon content in Al-Si alloy, 

the more dimples appear. 
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