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º 1  *WWCFY/WC-10Co-4Cr{|»¼ 

Fig.1  WC-10Co-4Cr agglomerated powders: MWC (a) and NWC (b) 
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ÁÂzAB�Ô{��>5 Philips X Pert Pro Mø

XùúûùüÏÙ�u(ýþGý�Ï�) 40 kVG 20 

mA�ûù��) 0.02°6������>5 Nano430G

S-3700N	
ý�����5�
üÏÙ���Ï6 

�5��<��AB����½H���AB��

z���5����������� 0.05 MPa�180 �

�I 3 h m�� JDL-50KN ��!"�k6�>5

HVS-1000 ¨���#��AB¨����$%) 2.94 

N�þ$&�) 15 s6 

12�×� MMW-1A 12�¢�×!"CD�1

23)Si

3

N

4

'�$%150 N�(Z200 r/min�&�30 minì

LÉ)12�×�MMU-5GL*�12�¢�×!"C

D�+­ GCr15)123�$% 100 N�(Z 120 r/min�

&� 60 min�É� 200 �6�×8mÞ,���-)m

5 TG328AøÏÙ,./S�CD 30�×�1.ñ2(

)12¶wx�5	
ý����3�5�
CD�4

�ÏÏÙ6 

>5 PAR4000 ýI¶5½��®6���CDý

I¶ÏÙ�+7 3.5%NaCl89���É�) 30±1 �6

:ý¹;<=I>ú��>5ý¹?_<�ý¹	
Z

ª) 1 mV/s6�
ý�qr Tafel@A<BQ6 

 

# $%%&'()*WC-10Co-4Cr*+,-./0 

Table 1  Process parameters of plasma spraying WC-10Co-4Cr coatings 

Ar flow rate/ ×10

-3 

m

3

·h

-1

 H

2

 flow rate/×10

-3 

m

3

·h

-1

 Current/A Voltage/V Powder injection rate/g·min

-1

 Spray distance/mm 

2.786 0.107 560 60 50 130 
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º 2  *WWCFY/WC-10Co-4Cr>I¿À.Á/hiST 

Fig.2  Microstructures (vertical profile) of WC-10Co-4Cr coating: (a, b) NWC coating and (c, d) MWC coating 

 

 

 

 

 

 

 

 

 

 

 

 

º 3  *WWCFY/WC-10Co-4Cr>I/ XRDºÂ 

Fig.3  XRD patterns of WC-10Co-4Cr coating with different WC 

particle sizes 

 

# 1%%23WC45,WC-10Co-4Cr*+,6785

 

Table 2  Microhardness of WC-10Co-4Cr coating with 

MWC and NWC (�

��

�10 MPa) 

Sample HV

0.3

 Mean HV

0.3

 

1355 1140 1034 1277 1152 

MWC 

1195 1195 1173 1162 1140 

1182.3 

1334 1278 1256 1316 1253 

NWC 

1279 1198 1465 1371 1265 

1301.5 
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# 9%%23:5;*+,<=>?@A%

Table 3  Friction and wear properties of the coating at 

different temperatures 

Sample 

Friction 

coefficient 

Wear 

loss/mg 

Mean friction 

coefficient 

Wear rate/ 

×10

-6

 g·(N·m)

-1

 

0.522 27.1 

0.516 28.9 

MWC 

(30 �) 

0.483 31.1 

0.507 8.768 

0.497 25.5 

0.488 27.8 

NWC 

(30 �) 

0.454 26.4 

0.480 8.198 

0.9237 35.1 

0.8398 54.9 
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(200 �) 

0.7346 29.5 

0.833 12.031 

0.8424 19.7 

0.8099 27.6 

NWC 

(200 �) 

0.7386 24.5 

0.797 7.386 

50 µm 
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NWC coating 

1Cr18Ni9Ti steel 

Pores 
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Pores 

Contraction boundary 
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º 4  WC-10Co-4Cr>IK�¬oÃ¥¦j/Ä§ÅÆ 

Fig.4  Polarization curves of WC-10Co-4Cr coating and the substrate 

in salt solution 
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Table 4  Polarization values of WC-10Co-4Cr coating and the 

substrate in salt solution 

Sample 

Corrosion potential 

E

corr

/mV 

Corrosion current 

I

corr

/×10

-6

A·cm

-2

 

Corrosion rate, 

V/mm·a

-1

 

1Cr18Ni9Ti –612 8.70 1.00 

MWC –317 3.95 0.43 

NWC –252 2.70 0.30 

W/(Co,Cr)$iv�X¼��{�ÏK��6å 5c é�

¿�WC���WC-10Co-4CrAB�Spectrum 1�4�
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� 5  ��WC��WC-10Co-4Cr��
 !��"#$%&
�'() 

Fig.5  Microstructures (a, b) and energy spectra results (c~f) of WC-10Co-4Cr coating: (a, c, d) NWC coating and (b, e, f) MWC coating 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  *+�	 !,-./ 

Fig.6  Microscopic morphologies of flat particles: (a, c, e) NWC coating and (b, d) MWC coating 
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NWC coating: Spectrum 1 

Element ω/% at% 

C 0.51 6.28 

O 1.03 9.52 

Cr 0.79 2.23 

Co 2.21 5.52 

W 95.45 76.44 

Total 100.00 

d 

NWC coating: Spectrum 2 

Element ω/% at% 

C 6.52 45.41 

Cr 3.22 5.18 

Co 8.68 12.31 

W 81.58 37.10 

Total 100.00 

 

e 

NWC coating: Spectrum 3 

Element ω/% at% 

C 1.01 11.51 

Cr 2.27 5.94 

Co 6.86 15.87 

W 89.86 66.67 

Total 100.00 

NWC coating: Spectrum 4 

Element ω/% at% 

C 5.78 42.45 

Cr 3.20 5.44 

Co 8.27 12.38 

W 82.76 39.73 

Total 100.00 
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� 7  9:;��WC��WC-10Co-4Cr��
�<��'()%& 

Fig.7  Scratch and energy spectra analysis positions of WC-10Co-4Cr coatings at room temperature: (a, b) MWC coating 

and (c, d) NWC coating 
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Table 5  Analysis results of energy spectrum at the 

corresponding positions in Fig.7 (at%) 

MWC coating  NWC coating 

Elements 

Spectrum 1 Spectrum 2  Spectrum 3 Spectrum 4 

C 5.60 0.92  0 1.47 

O 37.48 72.31  14.75 63.97 

Si 0 20.60  0 23.65 

Cr 3.03 0.71  8.16 1.33 

Co 6.58 1.25  18.06 2.73 

W 47.31 4.20  59.03 6.86 
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Fig.8  Tribological characteristics and EDS analysis positions of WC-10Co-4Cr coating at 200 =: (a, b) MWC coating and (c, d) NWC coating 
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Table 6  EDS analysis results at the corresponding positions 

in Fig.8 (at%) 

MWC coating  NWC coating 

Element 

Spectrum 1 Spectrum 2  Spectrum 3 Spectrum 4 

C 1.74 1.29  0 0 

O 61.10 62.33  24.14 53.82 

Cr 5.13 4.95  7.99 7.67 

Fe 8.71 11.71  2.03 24.14 

Co 6.64 4.16  18.29 3.73 

W 15.07 14.11  47.56 7.92 

Ni 1.61 1.45  0 2.72 
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Fig.9  Microstructures and EDS analysis positions of the deposited 

coating after corrosion: (a) NWC coating and (b) MWC coating 
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Table 7  EDS results at the corresponding positions in Fig.9 (at%) 

 Spectrum C O Na Cl Cr Co W 

1 40.41 23.4 0 0 2.22 7.51 26.45 

NWC 

2 53.21 39.53 1.47 2.77 0 0.43 1.62 

3 27.11 23.65 2.89 3.35 11.84 6.73 24.43 

MWC 

4 27.11 0 0 0 7.23 12.91 35.55 
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Microstructure Evolution and Corrosion Wear Resistance 

of Plasma Spraying WC-10Co-4Cr Coatings 

 

Yuan Xiaojing, Zha Bailin, Chen Xiaohu, Yu Zhihang, Wang Xinjun, Yang Nengjun, Yao Chunjiang 

(Rocket Military Engineering University, Xi’an 710025, China) 

 

Abstract: In order to improve the corrosion and wear resistance of stainless steel surface, WC-10Co-4Cr coatings with two kinds of grain sizes 

were prepared by plasma spraying. The microstructure and phase structure of the coatings were characterized by SEM, EDS and XRD. The effects 

of grain size on the microstructure and friction properties of the coatings were studied. The result shows that they contain WC, W

2

C and W

6

Co

6

C; 

in addition, the W/C (W, C) and W

2

(C, O) phases are also present in the coatings. In the micro coating, there is a classical structure of precipitated 

W

2

C epitaxially grown along the surface of WC particles, while in the nano coating, the agglomerated particles contract along the boundary of the 

flattened particles, thereby reducing vertical-through cracks in the flat particles. At different temperatures, the friction coefficient and wear rate of 

the nano WC-10Co-4Cr coatings are better than those of micro-coatings. The wear mechanism of nano WC-10Co-4Cr coating at room temperature 

is the plowing wear induced by the hard particles; at 200 °C, it is a combination of micro abrasive ploughing and adhesive wear. The 

electrochemical characteristics in 3.5% NaCl solution show that the corrosion potential of the 1Cr18Ni9Ti substrate increases from −612 mV to 

−317~−252 mV, which reduces the corrosion tendency. 

Key words: plasma spraying; WC-10Co-4Cr; microstructure; microhardness; friction and wear 
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