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Abstract: Traditional cemented carbides typically use Co as the binder. In recent years, novel cemented
carbides employing high-entropy alloys as substitutes for Co have demonstrated significant advantages in
improving hardness, fracture toughness, high-temperature oxidation resistance, and corrosion resistance.
In cemented carbides with Cr- and Mo-containing high-entropy alloy binders, the strong carbide-forming
elements Cr and Mo influence the carbon content in the binder phase and the existing form of carbon in the
alloy, thereby affecting the mechanical properties. This work aims to investigate the influence mechanism
of carbon addition on the microstructure and grain growth of WC-CoNiFeCrMo cemented carbides, and to
explore the variation patterns of their mechanical properties. The results show that with increasing carbon
addition, the WC grain size in the WC-CoNiFeCrMo alloy changes slightly, the coercive force gradually
decreases, and the hardness decreases slightly. The fracture toughness and transverse rupture strength of
the alloy first increase and then decrease, reaching peak values when the total carbon content of the alloy

Y? and a transverse rupture

increases to 5.73% (mass fraction) , with a fracture toughness of 18.52 MPa-m
strength of 2991 MPa. With further increase in carbon addition, carburized phases appear in the alloy, and
the fracture toughness and transverse rupture strength decrease significantly.
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Table 1  Preparation scheme of WC-CoNiFeCrMo cemented carbides

Composition/g

Mass fraction of

Sample .
wC Co Ni Fe Cr,C, Mo W C carbon in the alloy/ %
A 89.7 4.5 4 0.5 0.5 0.5 0.3 0 5.52
B 90 4.5 4 0.5 0.5 0.5 0 0.054 5.59
C 90 4.5 4 0.5 0.5 0.5 0 0.198 5.73
D 90 4.5 4 0.5 0.5 0.5 0 0.270 5.81
E 90 4.5 4 0.5 0.5 0.5 0 0.432 5.97
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Fig.1 XRD patterns of alloys with varying carbon contents
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Fig.2 Metallographic images of alloys with varying carbon contents
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Table 2 Physical properties of alloys

Sample w(C)/ Porosity Uncombined Magnetic H./
% carbon saturation/ %  (kA-m ')
A 5.52 A02/B00  CO0/E00 3.99 9.7
B 5.59 A02/B00  CO0/E00 4.40 9.6
C 5.73 A02/B00  CO0/E00 4.97 9.3
D 5.81 A04/B00  CO6/E00 5.80 9.1
E 5.97 A08/B02  CO8/E00 5.90 8.2
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Fig.3 SEM low-magnification microstructures of alloys with varying carbon contents
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Fig.4 Backscattered electron (BSE) images of alloys with varying carbon contents
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Table 3 Comparison of properties of traditional binders and HEA binders containing Cr and Mo for cemented carbides

Mass fraction of materials composition/%  Mean grain size of WC/pm  Hardness(HV,)  Kio/(MPa-m"?)  TRS/MPa Reference
WC-8Co 1.5 1660 12.7 [38]
WC-10Ni,Al 1.5 1812 11.2 [38]
WC-10Co 1-2 1535 10.8 2800 [39]
WC-CoCrFeNi 1.1 1702 13.0 1373 [15]
WC-CoCrFeNiAl 14 1798 12.3 1260 [15]
WC-10CoCrFeNiMo 0.37 2143 10.5 [26]
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