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� 1  Al-Bi-Ce-CuB}�W�CDEFG 

Fig.1  SEM-BSE images of different positions of Al-Bi-Ce-Cu alloy: (a) upper, (b) middle, and (c) lower 
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� 2  Al-Bi-Ce-Cu BCDEFG� EDSn� 

Fig.2  Microstructures (a, c) and EDS analyses (b, d) of Al-Bi-Ce-Cu alloy: (a, b) Bi-rich phase and (c, d) Al-Al

2

Cu eutectic structure 

 

 

 

 

 

 

 

 

 

 

 

� 3  Al-Bi-Ce-CuBC XRD�� 

Fig.3  XRD pattern of Al-Bi-Ce-Cu alloy 

 

 

 

 

 

 

 

 

 

 

� 4  RS Cu; Ce���� Al-BiBCpt 

Fig.4  Microhardness of Al-Bi alloys with Ce and Cu adding 

�����Al-Bi-Ce-Cu �������� 

A 5B���â5"#B 100 N��",¸B 32 

mm/sÖCD>��D)©�t1,A 5aB Al-Bi-Ce

��D)©���A@b�O3g�c���>�

tÐ|��t��������ID)����â

���t��CD>��B 0.2498,Al67D)�

b}�B����D)� ���5¡¢rs.�

¡¢öÀ?£,¤35YIW|��ú�5���6

A)yzÖ�&���¥+8�D)©��¦�

�>t����t�����t§�,A 5b B

Al-Bi-Ce-Cu��D)©���A@b�O3g��

>�tt^���«d���`¨��ID)�

��D)����dD©��CD>��B 0.2183,

 ���67. Al

2

Cu  Õ15EF.t^ª«�5

D)rs.À ¬�5¡¢rs.®;i Õ1

��	>�"#�«d	¯>�6�óô	67Ð

�	EFCD>�°�t±²;:,×823�

4�7NOµ Bi 1�5¡¢rs.�Bi 1�À9

:¢£:�³�;�t^¢£´µNO¶�óô6

7À_`D)�KÐfL¡¢c�, 

�7MNO¹�EFNO>?}�ßo� 3 &

c�

[17]

·��NO¶CD>�}�ßo��7NO

µQ67¸às¸,0�67 ¸�67 ¸

¬�¹�6¦ºæEF»>�67��¼½L�� 

10 µm 

5 µm 

a 

c 

2 4 6 8 10

0

1000

2000

3000

4000

5000

Ce

Ce

 

 

I
n
t
e
n
s
i
t
y
/
c
p
s

Bi

AlCe

Bi

b

1 2 3 4 5 6 7 8 9 10

0

2000

4000

6000

8000

10000

12000

Cu

 

 

I
n
t
e
n
s
i
t
y
/
c
p
s

Energy/keV

Al

Cu

d

Element ω/% at% 

Al 0.89 5.91 

Ce 22.62 28.8 

Bi 76.48 65.29 

 

Element ω/% at% 

Al 45.59 66.37 

Cu 54.41 33.63 

Total 100.00 100.00 

 

20 30 40 50 60 70 80 90

∗

∗

∗

∗

∗∗

♦

∗

∗

•

•

•

♦

 

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

• Al

♦ Bi

∗ Al

2

Cu

2θ/(°) 

 

Al-Bi-Ce-Cu

Al-Bi-CeMiddle of Al-Bi

Bottom of Al-Bi

 

500

400

300

200

100

0

M
i
c
r
o

h
a
r
d

n
e
s
s
,
 
H

V
/
M

P
a
 

146.8 

272.74 

266.96 

466.96 



� 12 �                             �����Al-Bi-Ce-Cu �	
����������                         �3719� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  Al-Bi-Ce � Al-Bi-Ce-Cu �������� 

Fig.5  Wear surface images of Al-Bi-Ce alloy (a) and Al-Bi-Ce- 

Cu alloy (b) 
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Microstructure and Wear Resistance of Al-Bi-Ce-Cu Immiscible Alloys 

 

Man Tiannan

1,2

, Zhang Lin

1

, Xiang Zhaolong

1,2

, Wang Wenbin

1,2

, Huang Minghao

1,2

, Wang Engang

1

 

(1. Key Laboratory of Electromagnetic Processing of Materials (Ministry of Education), Northeastern University, Shenyang 110006, China) 

(2. School of Materials Science and Engineering, Northeastern University, Shenyang 110006, China) 

 

Abstract: The microstructure and wear resistance of Al-Bi-Ce-Cu alloys were investigated. The intermetallic compounds Bi

2

Ce form and act 

as heterogeneous nucleation sites of Bi-rich droplets, which promote the nucleation of Bi phase and obtain a dispersed microstructure. The 

intermetallic compounds Al

2

Cu locate in the Al-rich matrix and enhance the hardness of the matrix. The wear resistance of alloys is not only 

dependent on the size of Bi-rich droplets but also dependent on the hardness of the matrix. The refined microstructure and the strengthened 

hardness improve the wear resistance of Al-Bi alloys. Therefore, Al-Bi-Ce-Cu immiscible alloys is useful as a wear resistance material.  

Key words: immiscible alloys; heterogeneous nucleation; microstructure; wear resistance 
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