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° 1  NiCrBSi-WC-.578<=>?±²° 

Fig.1  Schematic illustration of laser modification of NiCrBSi- 

WC spray welding layer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

° 2  ¨-.³´µ;O¶�·�Y SEM¸¹ 

Fig.2  SEM images of specimen section (a) and local 

amplification (b) of thermal spray welding 
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° 3  78��V@45:;QZWX[\Y SEM¸¹ 

Fig.3  SEM images of the microstructure of the coating surface before and after laser remelting: (a, c) before laser remelting 

and (b, d) after laser remelting 
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° 4  4578��Q»¼½¾ EDS`a 

Fig.4  EDS analysis spot (a) and EDS spectrum (b) in the micro 

area of the coating by laser remelting 
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Table 1  Quantitative results of EDAX energy spectrum in 

the micro area of the coating by laser remelting 
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° 5  78��V@ NiCrBSi-WC45Y XRD°¿ 

Fig.5  XRD patterns of NiCrBSi-WC coatings before and 

after laser remelting 
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° 6  78��V@45µ;PQRS`Àv� 

Fig.6  Change of microhardness distribution of the coating 

surface before and after laser remelting 
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° 7  -.5OGHIJ 4_ 6 h@45Y XRD°¿ 

Fig.7  XRD patterns of spray welding layer and the coating 

borosiliconized for 4 and 6 h 
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° 8  -.5N78��>?_78�JGH>?45Y 

bc ¡ 

Fig.8  Friction coefficient of spray welding layer, laser remelted 

coating and laser remelted and borosiliconized coating 

 

 

 

 

 

 

 

 

 

 

° 9  -.5N78��>?_78�JGH>?45¯ 

GCr15YdeÁ 

Fig.9  Wear loss of spray welding layer, laser remelted coating 

and laser remelted and borosiliconized coating with GCr15 
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Wear Resistance of Laser Remelting Ni Based WC Spray Welding Layer  

Reinforced by Borosiliconizing 

 

Yang Lijun, Dai Wenhao, Dang Xin’an 

(Shaanxi University of Science & Technology, Xi’an 710021, China) 

 

Abstract: NiCrBSi-WC coating was prepared on Q235 steel using the oxygen acetylene flame spray welding. Afterwards the surface of the 

spray welding layer was modified by laser followed by solid boronsiliconizing. The microstructure, phase structure and microhardness of 

the coatings were analyzed by SEM, XRD, EDS and microhardness tester; and the wear resistance of the coating before and after treatment 

was compared by the friction and wear testing machine. The results show that the surface of the spray welding layer under the laser 

scanning process becomes smooth and dense. The main phase Ni

2.9

Cr

0.7

Fe

0.36

 and FeNi

3

 components of the coating are not changed, but the 

main phase in the arrangement of crystal plane exhibits the preferred orientation and the crystallinity increases. The WC is partially 

decomposed into W

2

C, W and C. And C is dissolved into the Ni base to increase Cr

3

C

2

 and other carbides. Thus the hardened layer depth is 

0.25 mm and its microhardness increases to 9090 MPa; as a result, the wear resistance of the coating is improved. On the basis of the laser 

remelting, boronsiliconizing can increase boride such as Ni

3

B, Ni

2

B, and NiSi, and silicide hard phase, the average coefficient of friction 

decreases from 0.583 to 0.428, and the wear resistance is increased by one time compared with that of the laser treated coating. 

Key words: thermal spray welding; Ni-based WC; laser modification; borosiliconizing; wear resistance 
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