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Table 1  Contents of grain growth inhibitor in WC-12Co 

composite powder (ω/%) 

Sample VC Cr

3

C

2

 

N1 0.25 0.25 

N2 0.5 0.5 

N3 0.75 0.75 

N4 1.0 1.0 

N5 0 0 
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Table 2  Spraying parameters of WC-12Co coating 

Kerosene/ 

GPH 

Oxygen/ 

SCFH 

Distance/ 

mm 

Carrier gas/ 

SCFH 

Feed rate/ 

r·min

-1

 

6.0 2000 340 25 5.5 

Note: 1 GPH=3.79 L/h, 1 SCFH=0.47 L/min 
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º 1  WC-12CoNJO}ghO`hrY XRDº» 

Fig.1  XRD patterns of WC-12Co composite powder, spraying 

powder and coating 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

º 2  WC-12CohrY SEM~��� 

Fig.2  SEM microstructures of WC-12Co coatings: (a) sample N1, (b) sample N2, (c) sample N3, (d) sample N4, and (e) sample N5 
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º 3  ¿ST]^_`ST]^_ WC-12Cohr SEM~���À WCZ[���Á 

Fig.3  SEM microstructures and WC grain size distributions of WC-12Co coating without inhibitors and with inhibitors: 

(a) sample N5, (b) sample N1, (c) sample N3, and (d) sample N4 
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Table 3  Microhardness of WC-12Co coating 

Sample N1 N2 N3 N4 N5 

Microhardness, 

HV

0.3

/MPa 

13460± 

920 

13670± 

800 

13070± 

760 

12310± 

830 

13170± 

770 
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º 4  hrÂÃ¡¢o£YÄGÅu 

Fig.4  Sliding wear friction coefficients of coatings as 

a function of test time 
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Fig.5  Wear rate curve of the coating with adding VC+Cr
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! 6  () N1* N4��+,� SEM-. 

Fig.6  SEM photographs of coating scratch: (a, b) sample N1 and (c, d) sample N4 

 

 

 

 

 

 

 

 

 

 

! 7  ! 6d/() N4��� SEM012 EDS34 

Fig.7  SEM image (a) and EDS analysis (b) of the coating scratch of sample N4 in Fig.6d 
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Effect of Combined Addition of Grain Growth Inhibitors on the Properties 

of WC-12Co Ultrafine Grained Carbide Coating 

 

Wang Xuezheng, Wang Haibin, Liu Xuemei, Yang Tao, Xie Lijie, Zhan Wangbin, Song Xiaoyan 

(Key Laboratory of Advanced Functional Materials, Ministry of Education,  

Beijing University of Technology, Beijing 100124, China) 

 

Abstract: WC-12Co composite powder was synthesized by reduction and carburization reactions. With adding various contents of combined 

grain growth inhibitors (GGI) VC and Cr

3

C

2

 into the WC-12Co composite powder, the effects of the GGI addition on the phase constitution, 

microstructure and mechanical properties of the WC-12Co coating prepared by HVOF were investigated by X-ray diffraction (XRD) and scanning 

electron microscopy (SEM). The results show that with the content of GGI increasing in the composite powder, the abnormal grain growth 

disappears, homogeneous ultrafine grain structure forms, and the coefficient of friction of the coating declines. When the total amount of inhibitor 

is 1.0 wt%, the maximum hardness (HV

0.3

) of WC-12Co coating is 13 670 MPa, and the wear rate of the coating is the lowest. With further 

increasing the content of inhibitor, the wear rate of the coating increases, while the hardness and the wear resistance of the coating decrease. 

Key words: combined grain growth inhibitors; ultrafine WC-Co composite powder; microstructure; cemented carbide coating 
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