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ABSTRACT Steel materials are highly sourced construction materials owing to their robust mechanical
properties, and they are widely used in the construction industry for building bridges, tunnels, skyscrap-
ers, towers, ship-metal parts, and other industrial metal applications. However, as steel has poor surface
wear resistance, parts are susceptible to failure due to friction damage. To improve the surface wear re-
sistance of steel materials, Ni-based WC coating was prepared by ultra-high-speed laser cladding. Using
low-speed laser cladding as a reference, the surface morphology, microstructure, and wear resistance of
ultra-high-speed laser cladding of Ni-based WC coatings were studied using SEM, EDS, and XRD,
respectively. Experimental results revealed that the Ni-based WC coating prepared by ultra-high-speed
laser cladding exhibited better surface quality compared with that prepared by low-speed laser cladding.
Comparatively, ultra-high-speed laser cladding requires a smaller heat input and a faster cooling rate.
However, the dilution rate of the coating is significantly reduced. In addition, ultra-high-speed laser clad-
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ding significantly reduces thermal damage in the WC coating; it inhibits the precipitation of carbides and

formation of porosities and promotes the uniform distribution of the WC in the coating, thereby significant-

ly reducing stress localization in the coating and also inhibits crack nucleation in the coating. Because of

the reduction of porosities, cracks, and other surface defects in the coating and uniform distribution of

WC particles, the Ni-based WC coating prepared by ultra-high-speed laser cladding possesses better

wear resistance than that prepared by low-speed laser cladding, and the wear mechanism is abrasion.

KEY WORDS ultra-high speed laser cladding, Ni-based WC coating, microstructure, wear resistance
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# 3 No.1 5 No.2 8tH: WC I 2 EDS Hi 4714 i 43 43
Table 3 EDS plane scanning composition analyses of No.1 and No.2 Ni-based WC coatings
(mass fraction / % )

No. C Si Fe Ni Cu Sr W
1 3.57 1.33 1.51 36.58 11.90 2.63 42.49
2 5.24 0.49 28.31 22.91 7.83 0.37 34.84

&4 No.1 5 No.2 3 WC I /2 i AL 1) SE /1 BSE &
Fig.4 Secondary electron (SE) (a, ¢) and BSE (b, d) images of the microstructure of No.1 (a, b) and No.2 (c, d) Ni-based WC

coatings
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Table 4 EDS analyses of the elements at different points in Fig.4

(mass fraction / %)

Point C Si Fe Ni Cu 4
Dendrite (A) 22.51 0.99 - 49.27 27.23 -
Eutectic (B) 17.06 227 - 63.15 17.51 -
Dendrite (C) 17.13 1.35 - 49.21 23.88 8.43
Eutectic (D) - - - 65.32 34.68 -

White carbide (E) 22.47 - - - - 77.53
Bar-like carbide (F) 5.81 - 10.32 6.37 0.81 76.68
Flocculent carbide (G) 21.93 - 8.93 4.45 - 64.70
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Table 5 Physical properties of 45 steel substrate and coating materials™

Material Density Melting point Thermal expansion Thermal conductivity
gem” K coefficient / (10° K™) W-m"K"'
WC 15.7 3049 5.2~7.3 121
Ni-Cu alloy 8.84 1573~1623 14.0 25.96
45 steel 7.85 1763 11.2 51.9

Fig.8 BSE images of cracks around carbides (a) and cracks around porosity (b) in No.2 Ni-based WC coating
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Fig.9 Low (a, ¢, e) and high (b, d, f) magnified wear SE images of 45 steel substrate (a, b), No.1 (c, d) and No.2 (e, f) Ni-

based WC coatings
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