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Table 1  Parameters of plasma sprayed WC-Ni coatings 

Sample Power/kW Spray distance/mm 

APS-A 18 100 

APS-B 20 100 

APS-C 20 120 

APS-D 26 120 
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Table 2  Parameters of HVOF sprayed WC-Ni coatings 

Sample Oxygen/Propane 

Total flow of oxygen 

and propane/L·min

-1

 

Spray 

distance/mm 

HVOF-A 10:1 323 160 

HVOF-B 8:1 243 160 

HVOF-C 10:1 323 200 

HVOF-D 8:1 243 200 
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Fig.1  XRD patterns of WC-Ni coatings sprayed by APS (a) and 

HVOF (b) 
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Table 3  Phase composition of WC-Ni coatings (%) 

Sample WC W

2

C WC

1-x

 Ni

2

W

4

C Ni 

APS-A 33.19 13.24 52.66 0.16 0.75 

APS-B 21.26 16.32 60.90 0.60 0.92 

APS-C 27.81 20.41 45.38 5.92 0.48 

APS-D 16.06 17.85 61.28 3.74 1.07 

HVOF-A 72.68 24.74 0 0.66 1.92 

HVOF-B 72.37 25.13 0 0.82 1.68 

HVOF-C 68.89 28.08 0 0.94 2.09 

HVOF-D 71.44 26.27 0 0.73 1.56 

 

 

 

 

 

 

 

 

 

 

 

 2  �������� WC-Ni������� BSE�� 

Fig.2  BSE cross sectional morphologies of plasma sprayed WC-Ni coatings: (a) sample A, (b) sample B, (c) sample C, and (d) sample D 

 

 

 

 

 

 

 

 

 

 

 3  ��� !����� WC-Ni������� BSE�� 

Fig.3  BSE cross sectional morphologies of HVOF sprayed WC-Ni coatings: (a) sample A, (b) sample B, (c) sample C, and (d) sample D  
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Fig.4  Porosity analysis of plasma and HVOF sprayed WC-Ni 

coatings 
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Table 4  Microhardness, elastic modulus, fracture toughness of plasma and HVOF sprayed WC-Ni at different parameters 

Sample Microhardness, HV

0.3

/MPa Elastic modulus/GPa Fracture toughness/MPa·m

1/2

 

APS-A 5693±1072 66.92±6.44 2.47±0.13 

APS-B 4891±1182 57.48±15.23 1.27±0.21 

APS-C 5153±1049 58.83±11.27 1.31±0.23 

APS-D 6240±629 58.09±3.07 2.8±0.38 

HVOF-A 7292±1391 81.47±6.94 3.94±0.22 

HVOF-B 7198±2549 77.15±8.06 4.13±0.51 

HVOF-C 5949±1716 51.56±5.70 2.93±0.28 

HVOF-D 5097±611 40.84±7.59 3.58±0.38 

 

 

 

 

 

 

 

 

 

 

 

Fig.5  �����)��� !�� WC-Ni��56789:,;<)�=>,?@AB 

Fig.5  Variation of microhardness, elastic modulus, fracture toughness of plasma (a) and HVOF (b) sprayed WC-Ni coating 
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Fig.6  Wear rate of plasma and HVOF sprayed WC-Ni coatings 
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Abstract: WC-Ni coatings were prepared by atmospheric plasma spraying (APS) and high velocity oxygen-fuel spraying (HVOF) 

technology with different spraying parameters. Phase composition and microstructures of the coatings were characterized by X-ray 

diffraction (XRD) and scanning electron microscope (SEM), respectively. The Vickers microhardness, elastic modulus and fracture 

toughness were also tested by Vicker’s microhardness tester. Wear properties of the coatings were tested by a pin-on-disk tester. The 

results show that the higher densification and WC decarbonization of the coating by APS technology are achieved under higher power. 

While the higher densification and the lower WC decarbonization of coatings by HVOF technology are obtained at lower spraying distance. 

Compared to APS technology, HVOF technology acquires higher densification, mechanical and wear resistance properties, and lower 

decarbonization. With similar densification of coatings, the preferable wear-resistance is produced with lower decarbonization. 
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