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Abstract: An ultrafine-grained WC-6Co cemented carbide was fabricated via spark plasma sintering. The influence of their
counterparts on the tribological properties of ultrafine-grained WC-6Co cemented carbides over wide temperature ranges
was investigated. When sliding against the TC4 titanium alloy, the ultrafine-grained WC-Co cemented sample exhibits a
low friction coefficient and negligible wear from 25 to 300 ‘C, which is dominated by mild adhesive wear mechanisms. At
500 ‘C, intensified adhesive wear coupled with oxidative wear occurs, leading to a rapid increase in the friction coefficient.
Obvious wear loss initiates at 700 ‘C . When sliding against GCrl5-bearing steel, the cemented carbide experiences
pronounced wear, with both the friction coefficient and wear rate progressively increasing with temperature, with wear rates

of 2.17x10* and 6.81x10* mm?*(N-m) at room temperature and 700 ‘C, respectively. The wear mechanism is dominated by
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abrasive wear. With increasing temperature, the abrasive wear intensifies, and oxidative wear occurs.

Key words: ultrafine-grained WC-6Co cemented carbide; wide temperature range; tribological behaviors; counterparts;

wear mechanisms
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Fig.1 Sintering process curve of the ultrafine-grained WC-Co
cemented carbide
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Fig.2 SEM images, grain size distributions and XRD patterns of ultrafine-grained WC-Co cemented carbide: (a) WC-Co cemented
carbide with ultrafine grains; (b) WC-Co cemented carbide with fine grains; (c) XRD patterns!!
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Fig.3 Friction coefficient of grinding between different WC-Co cemented carbides and SiC at temperatures ranging from 25 to 700 C:
(a) WC-Co cemented carbide with ultrafine grains; (b) WC-Co cemented carbide with fine grains
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Fig.5 Friction coefficient of grinding between ultrafine-grained WC-Co cemented carbide and different alloys at temperatures ranging
from 25 to 700 C: (a) the grinding pair is a TC4 titanium alloy; (b) the grinding pair is a GCr15 bearing steel
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Fig.6 Contours of the wear marks of ultrafine-grained WC-Co cemented carbide rubbing against TC4 titanium alloy temperatures
ranging from 25 to 700 C: (a) 25 C; (b) 300 C; (c) 500 C; (d) 700 'C
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Fig.7 Wear rate of ultrafine-grained WC-Co carbide rubbing
against GCr15-bearing steel in the temperature range from 25 to
700 C
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Fig.8 Wear morphology and energy spectrum results of ultrafine-grained WC-Co cemented carbide rubbed against TC4 in the
temperature range from 25 to 700 “C: (a) 25 ‘C; (b) 300 C; (c) 500 C; (d) 700 ‘C; (e) energy spectrum results for region 1
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Fig.9 Wear morphology and energy spectrum results of ultrafine-grained WC-Co cemented carbide rubbing against GCr15-bearing
steel at temperatures ranging from 25 to 700 ‘C: (a) 25 C; (b) 300 C; (c) 500 ‘C; (d~f) wear morphology at 700 ‘C and magnification
images; (g, i) energy spectrum results at points 1 and 2; (h, j) energy spectrum results at points 3 to 5
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