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Fig.1 Morphology (a) and particle size distribution (b) of the

in situ synthesized WC-Co composite powder

2 WC-10Co-4Cr Wi MLk K (1) SEM JE S
Fig.2 SEM images of the WC-10Co-4Cr feedstock powder: (a) a

single feedstock particle and (b) the sprayed powder
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Table 1 Spraying parameters of WC-10Co-4Cr coating

Kerosene/ Oxygen/ Distance/ Carrier gas/ Feed rate/

Sample Lh*  Lmint  mm Lmin*  gmin?
1# 24 940 320 7.5 90
2# 26 900 320 7.5 90
3# 24 940 340 7.5 90
A# 26 900 340 7.5 90
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Fig.3 SEM images of WC-10Co-4Cr coating
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Fig.4 XRD pattern of WC-10Co-4Cr coating
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Fig.5 Sliding friction coefficients of coatings as a function

of test time
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Table 2 Wear rate of WC-10Co-4Cr coating
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Fig.6 Tafel curves of the coatings
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Fig.7 EIS curves of the coatings
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Fig.8 TEM image (a), SAED pattern (b, c), and EDS spectra (d, e) of the coating: (b) SAED pattern of position @ in Fig.8a; (c) SAED

pattern of position @ in Fig.8a; (d) EDS spectrum of position D in Fig.8a; (e) EDS spectrum of position @ in Fig.8a
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Fig.9 TEM image (a), SAED pattern (b), and EDS spectra (c, d) of the coating: (c) position ® in Fig.9a; (d) position @ in Fig.9a
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Fig.11 TEM image of the coating
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Table 3 EDS element analysis in Fig.11

Element content Position A Position B Position C Position D

Cr, w/% 2.69 7.83 13.71 10.55
Cr/at% 7.54 14.84 23.45 16.86
Co, wl/% 1.62 23.49 27.85 38.29
Col/at% 4.02 39.25 42.03 53.98
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Fig.12 EDS element line scanning of the coating

&EH TEM & F K EDS
TEM image (a) and EDS spectra analysis (b, c): (b) position E in Fig.10a and (c) position F in Fig.10a
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TEM Characterization and Performance Analysis of
Ultrafine/Nanostructured WC-10Co-4Cr Coating

Wang Xuezheng, Wang Haibin, Song Xiaoyan, Liu Xuemei, You Degiang, Yang Tao
(Key Laboratory of Advanced Functional Materials, Ministry of Education of China,

Beijing University of Technology, Beijing 100124, China)

Abstract: The ultrafine/nanostructured WC-Co composite powder was synthesized by reduction and carburization reactions, and then Cr
was added to the powder to obtain WC-10Co-4Cr composite powder; afterwards, the WC-10Co-4Cr composite powder was agglomerated
to prepare the composite powder feeding that was used in spraying; finally the ultrafine/nanostructured WC-10Co-4Cr coating was
prepared by high velocity oxygen fuel (HVOF). The phases, elemental distribution and microstructure of the coating were characterized by
X-ray diffraction (XRD) and transmission electron microscope (TEM), and then the wear resistance and corrosion resistance of the coating
were tested. The results show that the main phase of the coating is WC, the binding phase of amorphous structure is Co(Cr), and there is a
little W,C phase of hexagonal crystal structure and W,C+ Co(Cr) multiphase of amorphous. The change rule of WC grain was obtained
from phase boundary to eutectic area to Co area by the quantitative analysis of distribution of Co and Cr element in coating. Combined
WC-10Co-4Cr composite powder and the process characteristics of HVOF, we explained the causes of Cr distribution in the
WC-10Co-4Cr coating, and discussed its influence on the coating performance.
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