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One Step Synthesis of Dense WC-20 vol.% Co Super Hard Material
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Abstract We combined Field-Activated Combustion Synthesis(FACS) with mechanical pressure to produce
dense WC-20 vol.%Co composite in one step. The hardness, the fracture toughness and the relative density of the
dense WC-20 vol.%Co were investigated. Under the application of 60 MPa pressure and 3000A current on the
reactants, the relative density of WC-20 vol.%Co composite was 99.4%. The fracture toughness and hardness
were 9.4 MPa-m'?2 and 1672 kg/mm? respectively. The fracture toughness and hardness of WC-20 vol.%Co
composite produced by FAPACS were lower than that of nanostructured compostite, but similar to commercial
ones. Therefore we concluded that the FAPACS method which can produce WC-20 vol.%Co within several

minutes in one step is superior to conventional ones.
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Fig. 1. Schematic diagram of field-activated and pressure-
assisted combustion synthesis and densification.
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Fig. 2. Schematic representation of the temperature, pres-
sure and shrinkage displacement profile during field-acti-
vated and pressure-assisted combustion synthesis and
densification.
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Fig. 4. XRD patterns of raw materials: (a) Tungsten pow-
der, (b) Activated carbon powder, (c) Cobalt powder.
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Fig. 5. Variations of temperature and LVDT with heating
time during field-activated and pressure-assisted combus-
tion synthesis and densification of WC-20 vol.% Co com-
posite(3000A, 60 MPa).
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Fig. 3. Scanning electron microscope image of raw materials: (a) ’Ihngsten powder, (b) Activated carbon powder, (¢) Cobalt

powder.
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Fig. 6. XRD patterns of the W+C+20 vol. % Co system: (a)
after milling, (b) before combustion synthesis, (¢) after
combustion synthesis.
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Fig. 7. Scanning electron microscope image of W+C+
20 vol. % Co system: (a) after milling, (b) before combustion
synthesis, (c) after combustion synthesis.
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Fig. 8. (a) Three-dimensional atom array in the WC crys-
tal, (b) shape of equilibrium crystal, (c) atom array in the
[001] of WC crystal.
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Fig. 9. EDS spectra for WC-20 vol.% Co composite.
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Table 1. Density, volume, and volume change during field-activated and pressure-assisted combustion synthesis of WC-

20 vol.% Co composite.

. L Product
Initial sample Before ingnition Reactant(theo.)

Expt. Theo.
Density (g/cm3) 7.13 6.92 12.16 14.25 14.33
Sample volume (cm3) 2.10 2.17 1.23 1.05 1.05
Pore volume (cm3) 0.87 0.93 0.00 0.01 0.00
Volume change (%) 0.00 2.99 41.38 49.98 50.26
Incremental vol. change (%) 0.00 2.99 38.39 8.60 0.28

Table 2. Nominal composition and structural characteristics of WC-Co composites produced by FAPACS and conventional

methods.
sample Co contents dwe A Hardneszs Fracture touglrlxzness
wt.% vol.% (um) (1m) (kg/mm®) (MPa - m''%)
FC6 6 10.1 1.0 0.39 1710 9.0
RTW6 6 10.1 1.2 0.43 1680 10.0
RTWI10 10 16 25 1.0 1280 164
NA13 13 20.8 0.07 0.04 2050 8.3
FAPACS 12.5 20 0.92 0.56 1672 94
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Fig. 10. Vickers hardness indentation and crack propagation of WC-20 vol. % Co composite.
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