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Abstract Diode laser is adopted to clad Co-based powder mixed with meso-porous WC with the same size range on
H13 steel. High-performance coating is obtained with the help of meso-porous WC. Scanning electron microscopy,
energy dispersive spectroscopy, X-ray diffraction analyzer and micro-hardness tester are used to study the
microstructure, element distribution, phase composition and microhardness of the coating, respectively. The high-
temperature wear testing machine is used to test the wear resistance of the cladded layer at room temperature and
high temperature for a comparative analysis. The results show that the cladded layer is mainly composed of y-Co and
carbide hard phases WC, Cr;C,, (Cr,Co)s; C; and Cr;C;. Due to the dispersion strengthening and solid solution
strengthening effects of meso-porous WC particles on the cladding layer, the hardness of laser cladding layer increases
by 2 times approximately when compared to that of the matrix. Because of the effect of carbide hard phases, the wear
resistance of the cladded layer at 600 ‘C increases by 3 times related to that of the matrix H13. Oxidative wear is the
predominant high temperature wearing mechanism of the coating. With the temperature rising, the oxide film forms
on the surface of the cladded layer to protect the coating from high temperature erosion effectively. So the wear
resistance of the cladded layer improves with the increase of temperature.
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Table 1  Chemical composition of H13 substrate (mass fraction, %)

C Si Mn Cr

\% P S Fe

0.32~0.45 0.80~1.20 0.20~0.50 4.75~5.50 1.10~1.75 0.80~1.20

<0.03 <0.03 Bal.
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Fig. 1 Morphologies of mesoporous WC under different magnifications
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Fig. 2 Microstructure of cladded layer. (a) Overall morphology ; (b) central; (¢) bottom; (d) XRD analysis
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Table 2 EDS results of massive particle

Element C O Cr Fe Co Ni W
Mass fraction /% 5.02 1.49 9.51 9.73 15.02 2.20 57.05
Atomic fraction /% 28. 40 6.33 12. 44 11.85 17. 34 2.54 21.10
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Fig. 3 Micro-hardness curve of cladded layer
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Fig. 4 Morphologies of wear trace under dry friction conditions. (a) Cladded layer at room temperature;
(b) cladded layer at 300 C; (c) cladded layer at 600 C; (d) H13 substrate at 600 C
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Table 3 EDS results of tiny particle in region A

Element C O Fe Co Ni W
Mass fraction /% 3.94 3. 89 0. 54 15.62 9.95 1.43 57.44
Atomic fraction /% 21.79 16.15 9.19 18.58 11. 21 1.62 20.75
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Table 4 Wear weight loss of H13 substrate and
cladded layer at 600 C

Weight before Weight after Weight

Materials
wear/g wear /g loss /g
H13 substrate 4.9367 4.9358 0.0009
Cladded layer 4. 8528 4. 8526 0. 0002
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