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Fig.1 Morphologies of graphene modified spraying powder:
(a) GO and (b) WC-12Co
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Table 1 Physical properties of graphene for testing
. C (¢}
Density/ Surface  Water mass  Dso/
em™  area/g'm™ fraction, /% pm e
. . , A
£ £ " wl% %
<0.1 180~280 <4 <10  75+5 16+3
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Table 2 Parameters of spraying
0,/C,H, 0,/C,H, in-gun ratio/%  Frequency/shot-s™ Powder feed rate/g-s™ Distance/mm  Barrel diameter/mm
1.0 60 3 0.12 220 20
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B i HEAT WD R AL A B, WERDIE T 46 H AR K, Wi
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Fig.2

Morphologies of GO/WC-12Co composite powder
obtained by different pulverizing processes: (a) wet
ball milling, (b) wet mixing, (c) sintering and

crushing, and (d) spray granulation
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Fig.3 Cross-section morphologies of GO/WC-12Co composite coating prepared by different powder milling processes: (a) wet

ball milling, (b) wet mixing, (c) sintering and crushing, (d) spray granulation, and (e) WC-12Co
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Fig.4 Porosity of GO/WC-12Co composite coatings

prepared by different powder milling processes
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Fig.5 Mechanical properties of GO/WC-12Co composite
powder and coatings obtained by different
pulverizing processes: (a) cohesive strength and
(b) microhardeness (1#: wet ball milling; 2#: wet
mixing; 3#: sintering and crushing; 4#: spray

granulation; 5#: WC-12Co)
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Fig.6  Fracture morphologies of GO/WC-12Co composite

coating prepared by different powder milling
processes: (a) wet ball milling, (b) wet mixing,

(c) sintering and crushing, and (d) spray granulation
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Fig.7  Friction coefficient of the coatings obtained by

different pulverizing processes
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Fig.8  Wear track morphologies of coating obtained by

different pulverizing processes ( 1#: wet ball milling,
2#: wet mixing, 3#:
4#: spray granulation, and 5#: WC-12Co)

sintering and crushing,
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Fig.9 Wear out volume loss of coating obtained by different

pulverizing processes
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Fig.10 Wear track morphologies of coating obtained by different pulverizing processes: (a) WC-12Co, (b) wet ball milling,

(c) wet mixing, (d) sintering and crushing, and (e) spray granulation
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Fig.11 Wear track morphology of WC+GO coating obtained
by spray granulation processes: (a) graphene oxide

film and (b) Raman spectrum
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Technology and Properties of WC-12Co Self-lubricating Wear-resistant Coating by
Explosive Spraying

Tian Haoliang', Wang Changliang', Guo Menggiu', Tang Zhihui', Gao Junguo',
Cui Yongjing', Liang Yi®, Tong Hui’, Wei Shicheng?®, Xu Binshi’
(1. Aviation Key Laboratory of Science and Technology on Advanced Corrosion and Protection for Aviation Material Beijing,
Beijing Institute of Aeronautical Materials, Beijing 100095, China)

(2. National Key Laboratory for Remanufacturing, Academy of PLA Armored Forces Engineering, Beijing 100072, China)

Abstract: Aiming to reduce the friction coefficient of WC-12Co wear-resistant coating, a self-lubricating coating was developed
by adding graphene to WC-12Co coating deposited via detonation gun spraying. In this study, four powder processes, including
wet ball milling, wet mixing, spray granulation, and sintering and crushing, were used to obtain graphene/WC-12Co composite
powders. The microstructure and phase composition of graphene in powder and coating were analyzed by SEM, EDS and Raman.
The mechanical properties of the coating were studied by the microhardness tester and the universal tensile machine. Results
show that the spray granulation process is used to prepare the composite powder, a greater amount of graphene covers the surface
of the WC-12Co powder, and the transparent thin-layered structure of the graphene remains unchanged. The bonding strength and
hardness (HVy3) of the resultant coating are approximately 68 MPa and 940, respectively. Graphene modification causes a 25%
reduction in the friction coefficient. During the friction process, the graphene constantly forms a lubricating film that serves as an
excellent self-lubricating layer.

Key words: powder milling process; detonation gun spraying; graphene; self-lubricating; wear resistance
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