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µ 1  7+, Cu¶·d¸µ�¹º~ 

Fig.1  Morphology (a) and cross section (b) of the feedstock 

powder 
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Table 1  Element content of aluminum substrate (ω/%) 

Si Cu Mg Fe Zn Mn Al 

0.15 0.01 0.01 0.14 <0.01 <0.01 Bal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

µ 2  =>9 Al�;<W Cu@AU;d¸ 

Fig.2  SEM images of single Cu particle deposited on Al 

substrate: (a) the chosen particle and (b) its cross- 

section 
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µ 3  FIBQRW TEMZ[U;d¸ 

Fig.3  Morphology of the whole TEM specimen prepared by FIB 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

µ 4  }~�-¡¢(µ 3$À I¡¢)WÁÂ)µcÃtW 

Ä¡ÅYÆZ 

Fig.4  TEM image (a) and the corresponding SAED pattern (b) of 

central interface area in copper particle marked by I in Fig.3 
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µ 5  }~¡¢�µ 3$À II¡¢�WÁÂ)µc 

µ 5a$À\WÁÂ)µ 

Fig.5  TEM image of interface part marked by II in Fig.3 (a) and 

the enlarged TEM image of the area marked by the rectan- 

gle in Fig.5a (b) 
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µ 6  @AÇÈ}~\�µ 3$À III¡¢�WÁÂ)µc 

µ 6a�ÉÊ¡¢ÃtWÄ¡ÅYÆZ 

Fig.6  TEM image of the interface marked by III in Fig.3 (a) and 

SAED pattern of the area marked by circle in Fig.6a (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

µ 7  �}~�;\�µ 3$À IV¡¢�WÁÂ)µc 

µ 7a�ÉÊ�¡¢WÄ¡ÅYÆZ 

Fig.7  TEM image of the substrate near the interface marked by 

IV in Fig.3 (a) and SAED pattern of the area marked by 

circle in Fig.7a 
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µ 8  Cu-Al}~W�ËÌÍÎÏÐ�ÑÈµ�ÒcÓÔ 

NÕW OÖ×ØÙÚW EELÛ 

Fig.8  HAADF images and the corresponding EEL spectra of Cu- 

Al impact zones on the left (a), center (b) and right (c) 

Al 

Cu 

III 

a 

b 

0.5 µm 

10 1/nm 

Cu 

Al 

IV 

a 

111

123

b 

0.5 µm 

5 1/nm 

Spectrum image 

Spectrum image 

Spectrum image 

0.5 µm 

–100   100   300   500   700 

a 

b 

c 

100

80

60

40

20

0

O
 
C

o
n

t
e
n

t
/
%

 

–100   100   300   500   700 

–100   100   300   500   700 

x/nm 

100

80

60

40

20

0

O
 
C

o
n

t
e
n

t
/
%

 

100

80

60

40

20

0

O
 
C

o
n

t
e
n

t
/
%

 



´1170´                                          »¼�½¾s¿p                                           � 47� 

 

 

 

 

 

 

 

 

 

µ 9  Cu@A�-¡¢�µ 3$À V¡¢�WÁÂ)µ�µ 9a�Ê�\WÄ¡ÅYÆZÒcµ 9a�ÜÝ¡¢WÂ)µ 

Fig.9  TEM images of centre part in copper particle marked by V in Fig.3 (a), SAED pattern of circled region in Fig.9a (b), 

and enlarged TEM image of the area marked by rectangle in Fig.9a (c) 

 

 

 

 

 

 

 

 

 

 

µ 10  Cu@A¬�µ 3$À VI¡¢�W TEMÞß 

Fig.10  TEM image of top part in Cu particle marked by VI 

in Fig.3 
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µ 11  ���a�_`abWà|Àáµ 

Fig.11  Microstructural evolution during dynamic re-crystallization 

of the rotational type: (a) randomly distributed dislocations 

form, (b) elongated dislocation cells develop during dy- 

namic recovery, (c) elongated grains has been formed, 

(d) break up, and (e) form small equiaxed grains in a 

recrystallized microstructure
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Microstructure of Copper Particle Deposited on Aluminum by Cold Spray 
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Abstract: The aim of the paper is to explore the deformation mechanism of particles in cold spray. Focused ion beam/scanning electronic 

microscopy (FIB/SEM) system was employed to prepare a TEM specimen of a whole copper particle on aluminum substrate on wipe test. 

Through analyzing the microstructure of the TEM sample, the result indicates that the inhomogeneous deformation of Cu particles is due 

to the inhomogeneity of stress field and temperature. During the impact, the kinetic energy of particles transforms to deformation energy 

and heat, which breaks the alumina layer and increases the temperature quickly. Because of high temperature and strain rate, 

re-crystallization happens in Cu near the interface and intermetallic compound Cu

9

Al

4

 is obtained on the interface. The farther the grains 

are from the interface, the less the influence on them. Heat or stress field have little effect on the grains far away from the interface, 

especially on the top of particle. 

Key words: FIB; TEM; Cu-Al; deposition behavior of cold spray 
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