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Microstructure and Machinability of Laser Cladding Co-WC on High

Speed Steel Tools for Numerical Control Machine Tools

Hu Guiling’, Shi Peng, Zhang Lei
College of Mechanical and Electrical Engineering , Henan Vocational University of Science and

Technology, Zhoukou 466000, Henan, China

Abstract In this paper, Co-based WC composite coating was prepared by laser cladding on the surface of high
speed steel (HSS) tools damaged for numerical control machine tools. The results show that the interface
metallurgical bonding between HSS substrate and repair layer is good without obvious defects. The repair layer is
mainly composed of a Co-based FCC crystal structure and three types of carbides. The microhardness is about
(16254+63) HV, which is 364. 3% higher than that of the HSS substrate. The average friction coefficient is 0. 65.
The wear surface is relatively intact compared with the HSS tool. Cutting experiments show that the HSS tool with
the Co-WC repair layer has lower O content on the rake face and better cutting performance.
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Table 1  Chemical composition of Co alloy powder

Element C Cr Mo Ni Si Fe Co
Mass fraction /% 0.28 28.6 5.4 2.27 0.9 0.5 Bal.

H 8 52 58 W A v B AT 4 A R R 4L 22
FTEE W6 5 F Murakami’s 3857 ([ 10 g K,Fe(CN), ],
10 g NaOH, 100 mL H,O) & s , /1 LV-UEPI-N 4

2 WCHR ARy B IR
Table 2 Thermo-physical properties of WC powder

Thermal conductivity /

Thermal expansion

Parameter  Density /(kgsm *)  Melting point /C (Wem- K1) coefficient /K- Hardness /HV
Value 15800 2687 84 6.9Xx10°° 1650
3 LS e U A O
Table 3 Chemical composition of vacuum cast high speed steel
Element C Cr N \Y% Mo Si Mn Ni
Mass fraction /% 0.81 3.97 6.09 1.73 4.89 0.24 0.27 0.25
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Fig. 1 Macro morphology and microstructure of repaired tool. (a) Macro morphology of repaired tool; (b) microstructure;

(c) EDS element distribution
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Table 4 EDS analysis result of the layer

Mass fraction %

Item - -
C Cr \ Fe Co Si Mn Ni
Dendritic crystal 2.3 21.9 1.6 2.7 53.4 1.3 0.05 17.1
Equiaxed grain 8.9 35.0 9.3 1.7 36. 1 0.9 1.6 6.5
WC particles 5.3 — 94.7 — — — — —
Interface( HAZ) 3.1 8.5 60.3 1.7 21.1 — 0.8 4.5
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Fig. 2 Experimental results. (a) XRD pattern of damaged high speed steel repair layer; (b) hardness distribution curve
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Fig. 3 Comparison of friction and wear tests between repaired and unrepaired HSS tools. (a) Comparison of friction coefficients;
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(b) comparison of mass loss; (c) SEM morphology of original HSS surface; (d) SEM morphology of HSS surface repaired
by laser
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