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Table 1  Chemical composition of the Cr12MoV steel (ω/%) 

C Cr Mo V Si Mn Fe 

1.4~1.7 11.0~12.5 0.4~0.6 0.1~0.3 �0.4 �0.4 Bal. 

 

 

 

 

 

 

 

 

 

 

 

³ 1  '´¯°U XRD³µ 

Fig.1  XRD pattern of electrode material 
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³ 2  2c'()*+9:U XRD³µ 

Fig.2  XRD patterns of the two ESD coatings 
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Fig.3  Surface morphologies of two ESD coatings: (a, c) monolithic coating and (b, d) composite coating 
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Fig.4  Cross-section microstructures and EDS line scanning analysis of two ESD coatings 
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Fig.5  Thermal stress model of the coating 
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Fig.6  Cross-section microhardness of two ESD coatings 
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Fig.7  Friction coefficient curves of the substrate and 

two ESD coatings 
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Fig.8  Wear mass of the substrate and two ESD coatings in 1 h 
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Fig.9  Worn morphologies of the substrate (a), monolithic coating (b), and composite coating (c) 

0 10 20 30 40 50 60

0.1

0.2

0.3

0.4

0.5

0.6

F
r
i
c
t
i
o
n
 
C
o
e
f
f
i
c
i
e
n
t

Time/min

Substrate

Monolithic coating

Composite coating

0.0

0.2

0.4

0.6

0.8

1.0

 

 

W
e
a
r
 
M
a
s
s
/
m
g

Substrate Monolithic coating Composite coating

Spectrum 1 

Spectrum 2 

Spectrum 3 

Spectrum 4 

Spectrum 5 

a 

b c 



�606�                                           -.��/0�12                                           � 483 

� ���� 9 ����	�
� EDS �
�� 

Table 2  EDS results of the worn surface marked in Fig.9 (at%) 

Spectrum No. O Si Cr Fe Ni 

1 59.60 6.94 4.53 28.93 - 

2 5.03 1.35 6.29 87.33 - 

3 70.83 3.26 16.22 5.70 3.99 

4 9.90 0.96 40.70 42.31 6.13 

5 6.10 0.46 29.96 36.73 26.75 
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Microstructure and Properties of Chromium Carbide Based Metal-Ceramic 

Coatings Prepared by Electro-Spark Deposition 
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Abstract: The chromium carbide based metal-ceramic monolithic coating and chromium carbide based metal-ceramic/Ni composite 

coating were prepared by electro-spark deposition. The phase composition, microstructure, microhardness and tribological properties of 

the monolithic and composite coatings were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), 

microhardness test, friction and wear test, respectively. The results indicate that the two kinds of coatings are dense, metallurgically 

bonded to the substrate and have a nanocrystalline microstructure. In the composite coating, the content of FeCr

0.29

Ni

0.16

C

0.06 

plastic phase 

increases and the Ni transition layer exists at the interface, which can release the thermal stress via plastic deformation; therefore the cracks 

decrease in number significantly. Meanwhile, the maximum microhardness of the composite coating (11.86 GPa) is slightly lower than that of 

the monolithic, but the composite coating displays the minimum friction coefficient (0.2462), and its wear mass of 1 h is only 1/3 of that of the 

monolithic; therefore it displays better tribological properties and the main wear mechanisms are abrasive and fatigue wear. 

Key words: chromium carbide based metal-ceramic coatings; electro-spark deposition; microstructure; properties 
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