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Effects of carburizing process on gradient structure and
hardness of WC-Co gradient cemented carbides
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Abstract: Gradient cemented carbides were prepared by carburizing carbon-deficient cemented carbides. The effects of
carburizing processes on the gradient structure and hardness of WC-Co gradient cemented carbides were investigated by
optical microscopy, scanning electron microscopy and Vickers hardness test. The results show that the thickness of
gradient structure increases with prolonging of carburizing time and the gradient structure disappears after long time
carburizing. WC grains in the surface layer grow after carburizing and the growth degree increases with carburizing time.
The surface hardness of as-carburized alloys is obviously higher than that of as sintered alloys, which increases firstly
then decreases with prolonging carburizing time. The hardness of as-carburized alloys in the cross section varies
continuously and gradiently along gradient direction, namely the hardness is higher in the surface layer for higher WC
content and lower cobalt content, which is lower in the middle layer for higher cobalt content and lower WC content.
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Table 1 Performance of raw powders

w(C)/ w(0O)/ Particle size
Powder S%) E%) (Fsss)/pm
wC 5.9200 0.060 2.13
W 0.001 3 0.079 1.35
Co 0.0250 0.310 1.46
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Fig.1 Microstructure of as-sintered WC-6Co carbon-deficient
cemented carbides showing WC, Co and 5 phase (bright, dark
and gray phases refer to WC, Co and 7 phase, respectively)
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Fig.2 Microstructures of cross section of gradient cemented carbides (Volume fraction of cobalt phase in (b), (c) and (d) is about
4.513%, 33.803% and 10.161%, respectively): (a) Micrograph morphology of cross section; (b) Core; (c) Cobalt-rich layer; (d)

Surface layer
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Fig.3 Morphologies of cross section of samples carburized at 1 430 “C for different time: (a) 40 min; (b) 60 min; (c¢) 80 min; (d)

100 min; (e) 120 min; (f) 140 min
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Fig.4 Microstructures of surface layer of gradient cemented carbides carburized at 1 430 °C for different time: (a) 60 min; (b) 80

min; (¢) 100 min; (d) 120 min
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Fig.5 Effect of carburizing time on surface hardness of

gradient cemented carbides
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Fig.6 Variation of Vickers hardness of cross section along

gradient direction for gradient cemented carbides
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