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� 1  BC>?�V����

Fig.1  Particle-size distribution of the powder 

 

 

 

 

 

 

 

 

 

 

� 2  3�>?nstu 

Fig.2  Morphologies of spray powder: (a) copper powder, (b) zinc powder, and (c) Al
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Table 1  Heat treatment parameters 
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Holding time/ 
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Cooling method 

200 1 1 Furnace cooling 

250 1 1 Furnace cooling 

300 1 1 Furnace cooling 

350 1 1 Furnace cooling 

400 1 1 Furnace cooling 

450 1 1 Furnace cooling 
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� 3   QRZ['UVWCP��`a 

Fig.3  Mechanical properties of the coatings at different heat treatment temperatures: (a) micro-hardness and (b) bond strength 
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� 4  QRSTUVWCP_ XRD�� 

Fig.4  XRD patterns of the coatings at different annealing  

temperatures 
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� 5  QRZ['UVWCP_ � SEMnstu¡CP¢£¤w¥¦¢£§¨ 

Fig.5  SEM images (a~g), porosity and average pore size (h) of the section coating at different heat treatment temperatures: (a) RT,     

(b) 200 , (c)�  250 , (d)�  300 , (e)�  350 , (f)�  400 , � and (g) 450 � 
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� 6  CP �_ EDS©ª�ij 

Fig.6  EDS element mapping of coatings section at different temperatures: (a) 200 , (b)�  250 ,�  and (c) 300 � 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  200 �CP �¡«	 A� B_ EDS©ªdij 

Fig.7  SEM image (a) and EDS element line scanning from point 

A to point B (b) on the coating section at different 

annealing temperatures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 8  QRZ['UVW SEMCP¬c®¯  

Fig.8  SEM back scatter electron images of coating section at 

different heat treatment temperatures: (a) 200 , (b)�  250 �, 

and (c) 300  �  
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Table 2  EDS analysis of each region in Fig.8 (at/%) 

Position Cu Zn C Possible phase 

1 41.62 58.38 - Cu

5
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8

 

2 100 - - Cu 

3 84.4 8.8 1.78 - 

4 100 - - Cu 

5 51.39 44.8 1.04 CuZn 

6 84.68 8.24 3.2 - 

7 85.01 14.99 - - 

8 100 - - Cu 

9 49.4 50.6 - CuZn 
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Effect of Annealing Heat Treatment on Properties of Low-pressure Cold Sprayed 

Cu-Zn Composite Coatings 
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Abstract: With Cu-Zn mixed powder as spray powder, Cu-Zn composite coating was prepared on 1Cr13 substrate by low-pressure cold 

spray technique. The composite coating was annealed at different temperatures, and then the mechanical properties of the coating were 

tested. Micrographs and testing hardness of composite coatings before and after annealing heat treatment were obtained by X-ray 

diffractometer, field emission scanning electron microscope and microhardness tester. The results show that the copper-zinc composite 

coatings are dense and the coatings are tightly bonded to the substrate. When the copper-zinc composite coatings are annealed between 

200 and 300 °C, the metal particles interfaces in the coatings are obvious, and intermetallic compounds are formed in the coatings, such as 

β(CuZn) and γ(Cu

5

Zn

8

). When the annealing temperature is 200 °C, the hardness (HV

0.2

) of copper-zinc composite coating reaches the 

highest (1578 MPa), and the bonding strength reaches the lowest (7.5 MPa). When the copper-zinc composite coatings are annealed 

between 350 and 450 °C, the metal particles interfaces in the coatings are not obvious. When the annealing temperature is 450 °C, the 

hardness of copper-zinc composite coating reaches the lowest (1024 MPa), and the bonding strength reaches the highest (13.9 MPa). 

Key words: low-pressure cold spray; copper-zinc composite coating; annealing heat treatment; mechanical properties 
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