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Table 1  Composition and melting point of 45 steel and 

cladding material 

Materials Element Content, ω/% Melting point/� 

Fe 97.51~98.09 

C 0.42~0.50 

Si 0.17~0.37 

Mn 0.5~0.8 

45 steel 

P, S, Cr, Ni, Cu �0.82 

1500 

Ni 70~72 

Gr 12~16 

B 2.8~3.2 

Si 4~5 

Fe 3.5-5 

Ni60 

C 0.75 

1027 

TiC TiC 100 3160 
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Fig.1  Schematic diagram of laser cladding by 

preset powder method 
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Fig.2  Schematic diagram of annular friction and wear tester 
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Table 2  Laser cladding process parameter setting 

Setting 

Laser 

power/kW 

Scanning 

speed/mm·min

-1 

Spot diameter/ 

mm 

Laser 

absorptivity 

Initial 

temperature/� 

a 2, 2.5, 3 600 5 0.3 20 

b 3 300, 600, 900 5 0.3 20 
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Fig.3  Nephogram of temperature distribution under different laser powers: (a) 2 kW, (b) 2.5 kW, and (c) 3 kW 
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Fig.4  Nephogram of temperature distribution under different scanning speeds: (a) 300 mm/min, (b) 600 mm/min, and (c) 900 mm/min 
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Fig.5  Change curve of the average microhardness of the coating 

with TiC content 
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Fig.6  Coating microstructures: (a) laser cladding, (b) Ni60 coating, and (c) Ni60+20%TiC coating 
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Fig.7  Friction coefficients of Ni60-TiC coatings with different 

TiC ratio 
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Fig.8  Change curve of the wear rate of coatings with 

TiC contents 
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Fig.9  Wear morphologies of Ni60-TiC coatings with different TiC ratios: (a) Ni60, (b) Ni60+10%TiC, (c) Ni60+20%TiC, 

and (d) Ni60+30%TiC 
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Fig.10  EDS spectra of point 1 and 2 in Fig.9d 
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Fig.11  Corrosion morphologies of Ni60-TiC coatings with different TiC ratios: (a) Ni60, (b) Ni60+10%TiC, (c) Ni60+20%TiC, 

and (d) Ni60+30%TiC 
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Fig.12  Change curve of coating corrosion rate with TiC content 
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Wear and Corrosion Resistance of Laser Cladding Ni60-TiC 

Ceramic Coating on 45 Steel Surface 

 

Cao Jinlong, Yang Xuefeng, Wang Shouren, Zhang Hui, Yang Liying, Qiao Yang, Li Chenchen 

(University of Jinan, Jinan 250022, China) 

 

Abstract: The plunger pump plunger (45 steel) works in a high friction and strong corrosion environment for a long time, and it is 

necessary to improve the wear resistance and corrosion resistance of its working surface to increase its working efficiency and prolong its 

service life. The cermet coating was prepared by cladding the Ni60-TiC mixed powder on the surface of 45 steel by laser cladding 

technology, and the coatings with different TiC contents (0wt%, 10wt%, 20wt%, 30wt%) were subjected to micro hardness test and friction 

and wear test, corrosion resistance test, and the surface morphology of the coating was also characterized. The results show that the 

addition of TiC to the coating can effectively improve the wear resistance and corrosion resistance of the coating, increase the hardness of 

the coating and reduce the friction coefficient. Considering the actual working environment of the plunger pump plunger, the wear 

resistance and corrosion resistance of the coating are the best when the TiC content in the coating is 20wt%~30wt%. 

Key words: laser cladding; coating; friction and wear; corrosion resistance 
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