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Microstructure and Property of Co-Based Carbide Composite Coating
Fabricated by Laser Cladding on 40Cr Tool Steel Surface
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Abstract WC/Co, WC/Co50 and WC-TiC/Cob0 carbide composite coatings are prepared by laser cladding process
on 40Cr tool steel surface through designing different composition ratio of WC, TiC, Co and Co50 powder. The
influence of laser cladding process parameters and powder composition ratio on the composite coating phase
structure, macroscopic morphology and microstructure are investigated by X-ray diffraction (XRD), optical
microscope (OM), scanning electron microscope (SEM) and energy dispersive spectrometer (EDS), respectively.
The results show that the WC/Co50 and WC-TiC/Co50 composite coatings surface morphology is good, smooth and
without continuous macroscopic crack under the laser power of 4.2 kW and scanning speed of 350 mm - min'
conditions. Hardness and friction wear tests indicate that the composite coating has high hardness and good wear
resistance, the highest microhardness is 1211 HV,, and the minimum wear weight loss is 2.1 mg. The maximum
microhardness and minimum wear weight loss is 3.03 times and 34.4% of the substrate, respectively. A lot of WC,
TiC and in-situ W.C, Fe;W;C carbide reinforced phases play a major role on improving the cladding coating hardness
and wear resistance.
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Table 1 Sample No. and experimental parameters in laser cladding process

Coating composition ratio Laser power Scanning speed Laser power density
Sample No.

(mass fraction, %) P kW V. /(mm+min™) P, /(kW +cm™)
Al 4.0 300 20.320
90% W C+10%Co A2 4.2 350 18.288
A3 4.4 400 16.764
Bl 4.0 300 20.320
90%WC+10%Co alloy B2 4.2 350 18.288
B3 4.4 400 16.764
C1 4.0 300 20.320
85%WC+10%Co alloy+5%TiC Cc2 4.2 350 18.288
C3 4.4 400 16.764
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Fig.1 Macro surface morphology of composite coatings in Fig.2 XRD pattern of the laser cladding composite coating
different component proportions sample B2 surface
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Fig.3 OM images of (a) bottom region and (b) upper part region of the composite coating of sample B2 cladding
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Fig.4 SEM images of (a) middle region and (b) bottom region of the composite coating of sample B2 cladding
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Fig.3 Vick-hardness distributions of laser cladding composite coatings
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Fig.6 Wear losses of 40Cr steel substrate and composite coatings of B2 and C2
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