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Abstract In order to improve the surface hardness and wear resistance of 42CrMo steel, Ni60 reinforced coatings
containing the nano-WC powder mass fractions of 0, 10%, 20%, 30%, and 40% were prepared on the surface of
substrate by semiconductor laser in this paper. The microstructure and phase composition of samples were analyzed
by OM, SEM, EDS, and XRD. The mechanical property and friction and wear property were tested using a digital
microhardness tester and a high temperature friction and wear tester. The results show that the nano-WC reinforced
Ni60 coating surface is well-formed. The microstructure of the enhanced coating is strip, dendritic, fishbone,
block, and granular. The phase is dominated by austenitic Ni-Fe, part of nano-WC remains, part of W, C new phase
is formed. A series of complex compounds, such as Cr,;C;, M;C, Cr;C,, CrB, and NiW, are generated in the
coating. The maximum microhardness of the nano-WC reinforced coating is 1256 HV, ,, which is about 50%
higher than that of the Ni60 alloy coating. The minimum wear volume of reinforced coating is 1.29 mm®, which is

only 1/7 of Ni60 alloy coating; the average friction coefficient of the reinforced coating is as low as 0.275, while that
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of Ni60 alloy coating is 0. 530, which decreases by about 48% . Friction and wear studies show that the wear
mechanism of nano-WC reinforced coating is mainly adhesive wear, accompanying with slight abrasive wear.

Key words laser optics; nano-WC; laser cladding; Ni60 alloy; microstructure; friction and wear properties
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Table 1 Chemical composition of 42CrMo steel
Element C Si Mn S Cu Cr Mo Fe
Mass fraction /%  0.38-0.45 0.20-0.40 0.50-0.80 <0.04 <0. 04 <C0.30 0.90-1.20 0.15-0.25 Bal.

2 Ni60 & & MR b2 o
Table 2 Chemical composition of Ni60 alloy

Element C Cr

B Fe Ni

Mass fraction /% 0.5-1.0 14.0-18.0

3.5-5.0

3.0-4.5 7.0-10.0 Bal.
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B 1 BERMWES. () Ni60; (b) nano-WC
Fig. 1 Microtopography of the powder. (a) Ni60;
(b) nano-WC
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Table 3 Ratio of cladding materials

Mass fraction of Mass fraction of

Sample

Ni60 /% nano-WC /%
#0 100 0
#1 90 10
#2 80 20
#3 70 30
#4 60 40
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Fig. 2 Semiconductor laser cladding system. (a) Semiconductor

laser cladding device; (b) control system
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Fig. 3 Surface topography of nano-WC coating with
different mass fractions. (a) 0; (b) 10%; (¢) 20%;
(d) 30%; (e) 40%
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Fig. 4 SEM diagrams of the upper part of nano-WC
reinforced coating with different mass fractions.

(a) 10%; (b) 20%; (c) 30%; (d) 40%
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Fig. 5 SEM diagrams of different parts of reinforced

coating when the mass fraction of nano-WC is

30%. (a) Upper part; (b) middle part;

(c) lower part

Mass Atom
Element fraction/ fraction /
% %

CK 8.19 38.53
CrK 1260  13.69
FeK 1117 1130
NiK 2378 2288
WM 4426  13.60
' Total 100.00

Mass Atom
Element fraction / fraction /
% %

CrK 18.01  33.92
FeK 778 13.64
NiK 1139 1899
WM 6282 3345
Total 100.00

[l 6 nano-WC Jite 3400 309 B3 58 ik 2 3R Pk 41 41
RIS EDS &, () K3 A5 (b X B
Fig. 6 EDS diagrams of different parts of block structure in

the middle part of reinforced coating when the mass
fraction of nano-WC is 30%. (a) Region A;
(b) region B
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Fig. 7 XRD spectrum of reinforced coating when the

mass fraction of nano-WC is 30 %
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Fig. 11 3D topography of surface friction for different coatings. (a) Ni60 alloy coating; (b) nano-WC reinforced coating

with mass fraction of 30%
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