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Fig.1  Morphologies of Cu powder (a) and Al
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Fig.2  Particle size distribution of Cu and Al
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Fig.3  Schematic diagram of cold sprayed copper-based bulk 

material preparation 
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Table 1  Thermal diffusivity of cold-sprayed copper-based 

bulk materials (�

��

�10

-6

 m

2

·s

-1

) 

Sample 1# 2# 3# 4# 5# 

25 � 26.819 20.630 17.849 17.061 86.001 

100 � 25.979 19.934 17.425 16.786 85.660 
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Fig.4  Schematic diagram of tensile specimen 

10 20 30 40 50 60 70 80 90

0

2

4

6

8

10

12

14

16

V
o

l
u

m
e
 
F

r
a
c
t
i
o

n
/
%

 

Particle S ize/µm 

 Cu

 Al

2

O

3

a 

b 

Laval jet 

Copper-based bulk material 

Substrate 



� 5�                                   �  ���<=>?@A*BCG�HINO
�                           �1731�  

2  ����� 

2.1  ��������	
��������� 

ü 5 e 4 ?:;<B»|Ôk$%¨©'ýü


VwG*Ôk$%¥»MNH�\wñòI\DJe

K
µL«¬
ÏÐ�Md)
µL¥NOv Al

2

O

3

¸

M9:;<<CÏÐª�MNH�\��<C�(

[18]

9

éF ImageP�dÚ 4?»|Ôk$%�ÏÐª
L

Ì�Õdûe 0.65%
0.61%
0.57%
0.51%õëÖ

LÌ 4?»|Ôk$%¥�Al

2

O

3

¹º
dûe 1.18%


1.66%
2.47%
3.48%9àá[19]¥�¯°�Õ±²


:;<�k¸M¤<C¥��Q·�
�²��¸M

��'Rr��MN�\S¬9EF photoshop P�

TUCD¥»MN��Q·VWX
TU�Õe 5.18


5.83
6.07
6.419w�åæ�Õ±²
��;<»|

��¥� Al

2

O

3

¹º�5�
»|Ôk$%ÏÐªY

âxZ�[\
»|Ôk$%¥»MN��Q·Yâ

�]�[\9ü 6 e:;<»|Ôk$%¬r~;<

��¥ Al

2

O

3

¹º�^��"ü
»|Ôk$%¬r

��;<��¥� Al

2

O

3

¹º�5�YâxZ�   

[\9 

i± 1V_
��;<��¥� Al

2

O

3

¹º�5�


»|Ôk$%�p()ªYâxZ[\õ` Al

2

O

3

¹º

e 10 vol%Ö
»|Ôk$%p()ª0�9¤Ñqx
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  4�>?@�G�HI*+�_���

 

Fig.5  Microscopic topography of four cold-sprayed copper-based bulk materials: (a) Cu-10vol%Al
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Fig.6  Room temperature density ρ of cold-sprayed copper-based 

bulk material 
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Fig.7  Microscopic morphologies of four heat-treated copper-based bulk materials: (a) 300 �, (b) 400 �, (c) 500 �, and (d) 600 �
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Fig.8  Mechanical properties of copper-based bulk materials as a 

function of annealing temperature: (a) hardness and      

(b) tensile strength and elongation 
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Fig.9  Fracture morphology of cold-sprayed copper-based bulk materials: (a) cold sprayed state, (b) 300 � annealing, (c) 400 � 

annealing, (d) 500 � annealing, and (e) 600 � annealing 
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Abstract: The copper-based bulk materials were prepared by low-pressure cold spray additive manufacturing technology. The thermal 

conductivity and mechanical properties of the bulk materials were tested. The cross-section and tensile sections of the bulk materials were 

observed and analyzed by SEM. The results show that the thermal conductivity of copper-based bulk materials prepared from copper-based 

powders with a volume ratio of 10% Al

2

O

3

 is better. With the increase of Al

2

O

3

 content, the thermal conductivity decreases. After 

annealing, the cold-sprayed copper-based bulk material has improved thermal conductivity and mechanical properties. The thermal 

diffusivity and tensile strength show a trend of increasing first and then decreasing with the increase of annealing temperature. When the 

annealing temperature is 500 °C, the thermal diffusivity of the heat-treated copper-based bulk material is 80.43% of that of the processed 

copper bulk material, and its tensile strength is 125.3 MPa. 

Key words: cold spray; additive manufacturing; copper bulk; thermal conductivity; mechanical properties 
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