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Tungsten Carbide Based Hardmetals Used for High Pressure Experiment

A SF

Kouhei WADA

Tungsten carbide based hardmetals have been used for the cylinders and anvils of high pressure apparatus, be-
cause of their high hardness, compressive strength and Young’s modulus. In this article, tungsten carbide based
hardmetals used for each high pressure apparatus are reviewed. In addition, newly developed ultra-fine grained

binderless hardmetal TJSO1 is introduced.
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Fig. 1. Optical image of a polished surface of WC-Co
hardmetal.
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Fig. 2. The process of production for tungsten carbide
based hardmetals.
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Fig. 3. Phase relation of WC-16 wt% Co hardmetal.
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Fig. 4. The relations between mechanical properties and WC grain size and/or binder content of tungsten carbide based

hardmetals.
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Table 1. Tungsten carbide based hardmetals used for each high pressure apparatus.

High pressure apparatus Grain size of WC

Binder content

Grade of Fuji Die Co., Ltd.

(pm) (wt %)
Cylinder used for belt-type 1.5-4.0 8-15 D60, AG54, C60
Anvil used for belt-type 0.5-1.5 5-13 F09, F10, VD15, D20, VD45
Anvil used for DIA-type
Anvil used for counter-type <1.0 <13 TFO05, TMSO05, F08, TF06, F09, F10, MF10, VF12

Anvil used for Kawai-type

Table 2. Mechanical properties of tungsten carbide based hardmetals used for high pressure apparatus produced by Fuji Die

Co., Ltd.
Binder Rockwell TRS Young’s Compressive Fracture Thernqa}
Grade type hardness (GPa) modulus strength toughness conductivity
(HRA) (GPa) (GPa) (MPa-m!/2) (W/m-K)
TFO05 Co 95.1 1.5 610 >8.0 3.3 25
TMSO05 Ni 95.0 3.1 610 >8.0 4.2 20
F08 Co 93.5 3.9 560 7.3 5.2 29
TF06 Co 93.5 3.5 610 7.3 5.1 50
F09 Co 93.0 4.4 540 7.2 6.5 42
F10 Co 92.5 3.8 560 5.9 5.4 42
MF10 Ni 92.5 3.2 550 6.5 5.0 29
VD15 Co 92.0 3.2 620 5.5 6.4 89
VF12 Co 91.5 3.6 560 5.4 7.6 72
D20 Co 91.5 2.9 620 5.4 6.7 95
VD45 Co 90.0 3.5 540 4.9 9.7 78
D60 Co 88.0 3.4 520 4.3 15.0 82
AG54 Co 88.5 3.3 550 4.2 13.6 95
C60 Co 87.0 2.8 550 4.2 18.0 109
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Fig. 5. Typical true stress-true strain curves for tungsten
carbide based hardmetals.
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Table 3. Results of uniaxial compression, Young’s modu-
lus, 0.29% proof strength and compressive strength.
Young’s 0.2% proof Compressive
Grade modulus strength strength
(GPa) (GPa) (GPa)
TFO05 618 7.87 =8.03
TF06 613 5.82 7.32
FO08 568 5.96 7.32
F09 528 5.38 7.19
MF10 564 4.80 6.46
AG54 554 3.21 4.20
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Fig. 6. SEM images of a surface of JFO3 and TJSO1
etched with 10 wt% KOH + 10 wt% K;Fe(CN)¢ solution
(Murakami’s reagent).
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Fig. 7. Typical true stress-true strain curves for TJSO1

and other hardmetals.

Table 4. Mechanical properties of ultra-fine grained bin-
derless hardmetal TJSOI1.

Vickers

Young’s  Compressive

Grade hardness TRS modulus strength

at 294N (GPa) (GPa) (GPa)

(GPa)

TJSO1 27.5 2.6 665 >8.0
JFO03 21.9 1.8 705 4.7
TFO05 24.1 2.5 618 >8.0
F08 19.6 4.4 568 7.3
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Fig. 8. Vickers hardness at high-temperature for TJSO01

and other hardmetals.
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