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Fabrication and formation mechanism of vacuum cladding
WC-graphene oxide /Ni composite coating
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Technology, Lanzhou 730050, China; 2. Lanpec Technologies Co. Ltd., Lanzhou 730070, China)

Abstract: WC-graphene oxide(GO)/Ni composite coating was fabricated by vacuum cladding technique. The mi-

crostructural change and phase composition of the coating at different temperatures were observed and analyzed

by scanning electron microscopy, energy dispersive spectroscopy and X-ray diffractometer. The results show that

the WC-GO/Ni composite coating with dense microstructure and good metallurgical fusion with the matrix was suc-

cessfully fabricated on the ZG45 substrate. There are four sub-layers from the coating surface to substrate, they are

composite layer with about 1.5 mm thickness, transition layer with about 360 um thickness, diffusion fusion layer

with about 50 um thickness and diffusion affected layer with 100 um thickness. The main phases of WC-GO/Ni com-

posite coating are Cr,Cs, FeNis, WC, Cr,3Cg, NizSi, C, Fe;Ws, y-Ni solid solution. FeNi; and Fe,Wg are dispersed in

the metallurgical fusion zone, and the main phase of the diffusion affected zone is pearlite. The phase size of the

composite zone is smaller than that of the interface zone. The changing of metal particles at composite area pre-

cedesthatatthe interface area. The clusters (Cr,C;/Cr,3Cg) formed on the incompletely melted metal particles surface

and grew into needle shape. The needle carbides are embedded in the Ni-based solid solution among the coating.

Keywords: vacuum cladding; composite coating; formation mechanism; nickel-based alloy; WC; graphene ox-

ide(GO)
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Table1 Chemical composition of the Ni-based alloy powders

Element C B

Cr Fe Ni

Mass fraction/wt% 0.7-1.1 3.0-4.0

3.5-5.0

15.0-17.0 <5.0 Bal.
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(a) Ni-based alloy particles

(c) Graphene oxide
1 BRI
Fig.1 Morphologies of powders
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Fig.2 XRD pattern of WC-graphene oxide(GO)/Ni composite coating
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Fig.3 Morphologies of WC-GO/Ni composite coating at cladding temperature of 1060°C
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(a) Overall morphology of the coating (b) Magnified morphology of area C

(c) Morphology of the arrow b

(e) Morphology of the arrow ¢ (f) Magnified morphology of area E
[ 4 BRI 900°C I WC-GO/Ni A1 Z LS
Fig.4 Morphologies of WC-GO/Ni composite coating at a cladding temperature of 900°C
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(d) Composite zone morphology

(e) Magnified morphology of area H
5 BRI 960°C Hf WC-GO/Ni & A B2 I
Fig.5 Morphologies of WC-GO/Ni composite coating at cladding temperature of 960°C
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Fig. 6 Powder sintering process model
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R—Particle radius; o—Sintering stress; p—Curvature radius of sintering

neck; p’—Circle with radius p; C,"—Vacancy concentration in sintered
pellets; C,—Vacancy concentration in a circle with radius p
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Fig.7 Sintered neck formation process model
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