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Fig.1  Microstructures (a) and XRD pattern (b) of Al
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quasicrystalline alloy prepared by arc melting 
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Table 1  Chemical composition of different points in Fig.1a  

by EDS analysis 

Al  Cu  Co 

Zone 

ω/% at%  ω/% at%  ω/% at% 

1# 41.69 61.84  29.28 18.44  29.03 19.72 

2# 43.10 64.02  55.07 34.73  1.83 1.25 

3# 33.57 53.92  51.97 35.44  14.46 10.63 

4# 34.18 54.67  53.86 36.58  11.95 8.75 

5# 26.60 45.99  70.92 52.05  2.48 1.96 

6# 42.30 62.35  26.31 16.47  31.39 21.19 

7# 26.87 46.33  70.80 51.83  2.33 1.84 
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Fig.2  Morphology of Al
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 decagonal quasicrystal  

observed along the fracture surface 

50 µm 

1 

2 

3 

5 

7

 

1

 

4 

6

 

1

 

20 µm 

a 

20   30   40   50   60   70   80 

2θ/(º) 

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

D-phase 

AlCu 

Al

2

Cu 

b 



�1586�                                           ¡
¢QRm��                                           � 38� 

 

���� (Al

65

Cu

15

Co

20

)

p

/Al-4.5%Cu �����	
��


�����

& 3 A(Al

65

Cu

15

Co

20

)

p

/Al-4.5%Cu ]^HI#p

q�#/�& 3�>�?+�V�#-�@A 3�g

h&./0\�&(A)�90��&(B)�80#~Ì

ÍYZ(C)/G�h�r,ÑË�ÈR}Ï�dÏ#

YZVgh_&�#�A Al

80.25

Co

18.76

Cu

0.99

(θ &)�

��ì90&gh_ Al

69.32

Cu

29.51

Co

1.17

�A Al

2

Cu&

�$~�¢²# Co ���\��#A α-Al ���

EDSh�ÑË α-Al\���$~� 1.62 at%Cu��

� Co��/]^HI�#YZ-�ÈR��f%.

}Ï��dÏ�y*��RhFe��ì/}ÏYZ

12A 8440 µm��dÏYZ12A(142� µm�

(25475) µm����§d# 534147 µm&³���

Ë�#�Õ/YZx�§d#ÉÊhË#~ÌÍÏ�

ªA}Ï�dÏ��-�_xe�YZ�E#ÉÊì

Ñ�GvF�V�§¨��9�á~¿�ÚÇVÉÊ

��/xe
�#£Z[��vB#M��P���

UYZ7¥¦�§ô���¨���@?�ÚÇ
�

YZ���8�¼y�(@?��C����7`5

�{����YZ���8�#��ø�=�YZ

12#�Õ/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  (Al

65

Cu

15

Co

20

)

p

/Al-4.5%CuP>QRXYZ[\ 

Fig.3  Microstructures of (Al

65

Cu

15

Co

20

)

p

/Al-4.5 wt%Cu  

composite at low-magnification (a) and high-mag- 

nification (b), respectively 

���������

�����Al-Cu-Co ����������

\e XRD �Ó� EDS # SEM h�r,>��

Al-Cu-Co 
�
�^��÷� D &kAl

54.30

Cu

36.01 

Co

9.69

&�U¢²# AlCu &� Al

2

Cu &/x Al

65

Co

x 

Cu

35-x

(x=15%~22.5%)(¼yh�)#ij��&&>�

[8]

�ghA Al

65

Cu

15

Co

20

^�7�$ô���á�â&

��+�m& Al

55

(Co,Cu)

45 

(bcc�CsCl-type)��vä

{#ñB�â&��m&Qm@��fg D&�D&

7`mv,#ghij�>�4567/� [8]¡ô

! Al

65

Cu

15

Co

20

^�7 1050 å¢£ 1 h9¤¥ÆÇ�

��@���#�#���`�L�� ô��#

DSC¦�(X& 4»Y)»§¹/x& 4>��7� 1300 

å� ¨ 1000 å#ô��67 2 m¨MI.1256.02

� 1033.88 å�y*h©!�e���m��.L→Al

55

 

(Co, Cu)

45

� L+Al

55

(Co, Cu)

45

→D/�vä{#ñB�

ª«â&�ufg# D &Qm@����fg

Al

54.30

Cu

36.01

Co

9.69

&(CsCl-type)�7�9#� ô�

��Í�ª«â&��+ AlCu&� Al

2

Cu&

[9]

���

& 1q�¨#�$�#&`=/ 

��������� D→θ ���

xÑ 1 #G�h�r,>��
�&#ghA

Al

62.10

Cu

17.46

Co

20.44

/�À
�YZ�§¨���9�Y

Z�# CukCo¼y¬­U\���(���7\��

fg$~����������# Al¼yLUYZ�

�(/x Al-Cu

[12]

�Al-Co

[13]

	�^��®&&>��

Cu� Co7 α-Al#z,$~{h©A 2.48 at%� 0.009 

at%�ü Cu7 α-Al�#z,$~{¯,e Co7 α-Al

�#z,$~{/���7YZ�\�&°�(#ô�

��YZ�# Co¼yC�U\���(��YZ�#

Cu ¼yÍ¡±²U\���(���ÚÇYZ� Cu

¼y÷²�¢��À�=YZ� Co#÷²�¼³YZ

³v´<�� Cu÷²Í,²ñB/¹º�µQR\�

Al�$~� Co����ÐLµQR÷ Co#�^Ø&

�+/���>��A�
�YZ#&ª_xeYZ�

Cu ¼yU\���(�ÚV Cu ÷²ñB�\�� Al

¼yUYZ��(�Ú Al ÷²B�»'(#/\e

EDSh�r,>��\��$~� 1.62 at%Cu���

$~ Co����¬Õe CukCo7\��#z,$~

{/YZ�# Cu ¼y$~¨\� α-Al ��7�9#

�$ô���α-Al Qm¶~�ªfg Al

2

Cu &/��

� Cu ¼y÷²vF�Co ¼ys��#�(G�³s

�Z�:#�(G�C����� 9¶~�ªô��

�+# Al

2

Cu&�÷�v;# Co¼y/ 

C 

A 

B 

200 µm 

a 

b 

25 µm 



� 9�                   �  ��.Al-Cu-Co:;<=BCDEO�P>QRXYZ[\�MN�XF�i             �1587� 

 

 

 

 

 

 

 

 

 

 

 

 

� 4  Al

65

Cu

15

Co

20

:;<=>
�£¤���X DSC¥¦ 
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Microstructures and Phase Transformation of Al-Based Composite Materials Reinforced 

by Al-Cu-Co Decagonal Quasicrystalline Particles 

 

Zhu Man, Yang Gencang, Cheng Suling, Wang Binghui, Zhou Yaohe 

(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China) 

 

Abstract: Al

65

Cu

15

Co

20 

decagonal quasicrystalline alloys were prepared by an arc-melting furnace. The aluminium-based composites were 

fabricated by using the Al

65

Cu

15

Co

20

 decagonal quasicrystalline particles as reinforcing phase and Al-4.5 wt%Cu alloy as matrix with 

mechanical stirring. The microstructures, the phase composition, and the distribution of Al

65

Cu

15

Co

20

 were characterisied by XRD, SEM, 

SEM and EDS for the Al

65

Cu

15

Co

20 

quasicrystalline alloys and the reinforced composites. And the morphology, chemical composition and 

structure changes of the quasicrystalline particles before and after adding to the melt were also analysised. As the interdiffusion occurs 

between the quasicrystalline particles and the melt, the quasicrystalline particles can not exist stably in the melt. The morphology of the 

particles turns from inregular polygons to block and lath-like in shape as following: D-Al

62.10

Cu

17.46

Co

20.44 

→ θ-Al

79.58

Cu

1.10

Co

19.32

 after 

adding the quasicrystalline particles into the melt. During the solidification process, the θ phase distributes uniformly along the grain 

boundaries because of the “interfacial pushing effect”. 

Key words: Al-Cu-Co decagonal quasicrystal; aluminium-based composite; mechanical stirring; phase transformation 
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