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Table 1  Content of main element of CrWN coatings 

Element content/at% 

Coating 

Beam current of 

Cr, W target/mA 

Cr W N 

CrN 80/- 46.71 - 53.29 

CrW

1.82

N 80/5 47.84 1.82 50.34 

CrW

3.91

N 80/10 46.25 3.91 49.84 

CrW

9.96

N 80/20 41.07 9.96 48.97 

CrW

22.27

N 80/40 28.82 22.27 48.91 

 

 

 

 

 

 

 

 

 

 

 

¥ 1  CrWNMNV XRD¥¦ 

Fig.1  XRD patterns of CrWN coatings 
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¥ 2  CrWNMNV©ª:; SEM«¬ 

Fig.2  SEM images of CrWN coatings: (a) CrN, (b) CrW
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¥ 3  CrWNMNV®ª SEM:; 

Fig.3  SEM cross section morphologies of CrWN coatings: (a) CrN, (b) CrW
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¥ 4  CrWNMNV H, E*< H/E*, H
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Fig.4   H, E* (a) and H/E*, H
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 (b) of CrWN coatings 
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¥ 5  CrWNMNOP@A< PAOQRSTUV@A�� 

Fig.5  Friction coefficients of CrWN coatings under dry friction 

and PAO-lubricated conditions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¥ 6  OP@A< PAO QRSTU CrWN MND�<LB�
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Fig.6  Wear rates of CrWN coated samples (a) and counterpart 

balls (b) under dry friction and PAO-lubricated conditions 
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Fig.7  Surface morphologies of worn scars of CrWN-coated samples (a, c, e, g) and their counterpart balls (b, d, f, h) under dry friction 

condition: (a, b) CrN, (c, d) CrW
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� 2  � 7 ����� CrWN�	
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Table 2  Micro-area composition of worn scars of CrWN-coated samples and counterpart balls under dry friction condition in  

Fig.7 (at%) 

Element A A' C C' E E' G G' H H' 

O K 8.5 13 31 27 24 27 21 35 14 33 

Cr K 19 63 13 33 46 11 19 6.9 68 27 

Fe K 65 21 53 38 28 57 53 55 5.8 35 

Ni K 7.8 2.7 3.2 2.9 0.7 3.6 4.6 2.4 0.6 0.7 

W L - - - - 1.4 0.6 1.8 0.6 12 4.4 
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Fig.8  Surface morphologies of worn scars of CrWN-coated samples (a~c) and their counterpart balls (d~f) under PAO-lubricated  

conditions: (a, d) CrN, (b, e) CrW
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Abstract: The effects of W content on the tribological properties of CrWN coatings under dry friction and PAO lubrication conditions 

were investigated by scanning electron microscope, X-ray diffractometer, nano-indentation tester, 3D profile-meter, and reciprocating 

tribometer. The results show that the microstructure of CrWN coatings prepared by ion beam assisted deposition is changed from dense 

columnar crystals to coarse columnar crystals and then to fibrous crystals. The hardness is first increased and then decreased with the 

increase of W content, and the maximum hardness is obtained when the W content is 9.96 at%. Under dry friction condition, the friction 

coefficients of CrWN coatings decrease first and then almost unchange with the increase of W content; however, under PAO oil lubrication 

condition, the friction coefficients of CrWN coatings gradually decrease with the increase of W content. Under dry friction, the 

introduction of W into CrN coatings at a low content will aggravate the wear of CrN-coated samples and their counterpart balls; but the 

wear resistance of CrN-coated samples and their counterpart balls are obviously improved by W doping under PAO oil lubrication 

condition. 

Key words: CrWN; coating; tribological performance; W content; oil lubrication 

 

Corresponding author: Fu Zhiqiang, Ph. D., Professor, School of Engineering and Technology, China University of Geosciences (Beijing), 

Beijing 100083, P. R. China, Tel: 0086-10-82320255, E-mail: fuzq@cugb.edu.cn 


