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Abstract

Cemented carbides are composed of the dispersing phase of WC and biding
phase of Co, which are very different from each other in mechanical properties.
When the alloys are deformed uniformly in the macroscopic scale, each phase
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may be deformed differently under their own stress state. Therefore, in order to
clarify the deformation characteristics and strengthening mechanism of the
alloys, it is necessary to investigate microscopic deformation and fracture
mechanism of each phase.

In the present study, each phase of the X-ray elastic constant and the stress
constant of the dispersing phase of WC and binding phase of Co, were measured
by X-ray diffraction method during applied tensile elastic defromation. The phase
stress of WC phase and Co phase within a WC-Co alloy was determined for
diffraction from WC(112) plane and Co(311) plane. The phase stress was
discussed on the basis of the law of mixture.
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Fig. 1 Directions of stress and strain.
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Table 1. Material properties.

. Co fraction | Density| Young's | Poisson’s
Materials f ¢ |modulus| ratio
wt% vol% | (g/em’) |Em(GPa)|  vu

WC 0 0| 1557 | 706 0.220
Co 100 100 | 890 | 210 0.300

WC-16wt%Co| 16 25.0 | 13.80 | 516 0.213
WC-25wt%Co| 25 36.9 | 13.09 | 456 0.250
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Table 2. X-ray diffraction conditions.

WC Co
Characteristic X-ray Fe-Ka | Fe-Ka
Filter Mn Mn

WC(112) |Co(311)
145.17 | 130.54

Diffraction plane
Diffraction angle (deg)

Detector PSPC | PSPC
Tube voltage (kV) 30 30
Tube current (mA)] 20 20
Irradiated area (mm) 04 04
Irradiated time (sec) 50 100
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Fig. 3 Schematic illustration of four-point

bending jig for X-ray stress mea-
surement.
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Table 3. X-ray elastic constants of monolithic ceramics.

Diffracti X-ray compliance X-ray elastic constant Stress constant
! {ac on So/2 -Si Ex/(1+vx) Ex  wvx K
plane (10°/GPa) (10™*/GPa) (GPa)  (GPa) (MPa/deg)
WC(112) 1.76 3.23 568 696 0.225 -1555
Co(311) 6.17 15.96 162 218 0.348 -649
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Table 4. Experimental values of X-ray elastic constants of composite ceramics.
. . X-ray compliance X-ray elastic constant |Stress constant
Materials | DIaCHON | Tgip g R/ x) BY v K
P (10°/GPa) (10*/GPa)| (GPa)  (GPa) (MPa/deg)
WC(112) 1.95 5.68 512 723 0.411 -1394
_ [7)
WC-16wt%Co|  3(311) 447 13.66 224 322 0.441 ~900
WC(112) 1.97 3.53 507 618 0.219 -1389
. [7)
WC-25wt%Co|  (3(311) 448  11.03 209 272 0.30 ~841
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