F20% FiMm
Vol .22 No.4

AR EEEEEE
Journal of Materials Science & Engineering

E L
Aug .2004

32 1M € :1004-793X (2004 ) 04-0471-05

3% 3 % I JE $A 5% A Bk AL 8

IE, EXe , 2, Shon In-jin’
(1, PEN ¥R EHEMMTSA, L  200050;2. Chonbuk National University, South Korea)

(w =]

R R RE RS, B W+ 1.0C.W+ 1.1C. W+ 1.2C M W+ 1.3C, i iSRS mMEMRBES REAR

HETHRALSHS IETARKEWERGHEREA L IRTEE REYHRARBAREN=WAR . FEH
HERBEOEWE, SRR, RATYE AN EERE 81.1% 1 89.9% 2 8] , 5 & 09 4 BB A F 423 M 731kg  mm ™2 2

18
(XaiA] MPeh B BRALE  Z¥E  BEL
RS %S TFI23.3 1 XMERINAG A
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[Abstract] FAPACS process, which combines the simultaneous synthesis and densification of materials, was utilized to produce tung-

sten carbides material from tungsten and carbon powders with different mole ratios between them, i.e. W+1.0C, W+1.1C, W+ 1.2C

and W + 1.3C. The shrinkages after the synthesis reaction were measured. The effects of the temperature, the reactant compositions and dif-

ferent carbon sources on the product compositions, densities and Vickers hardness were investigated. The end-product relative densities

ranged from 81.1% to 89.9% . Vickers hardness measurements on the dense samples gave values ranging from 731kg* mm™? to 423kg-

2
mm
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Fig.2 The shrinkage of the samples and the temperature
of the mold surface versus heating time during synthesis
(pre-set temperature: 1250°C): (@) W+1.1C,, ()
W+1.2C, and (@) W+ 1.3CA
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Fig.3 XRD pattern of the W + 1.0C, system heated to 850 °C
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Fig.4 XRD pattern of the W + 1.0C, system heated
to 1250 °C
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Fig.5 XRD patterns for the FAPACS reaction products heated to 1250 °C
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B1 FUERIMEMEE W+ (1+x)C (0.1sx<03) R RPHMBFARANFELLE S,
E4MTEANBERANEE RRERNERENE
Table 1 Density, volume and volume change during field-activated and pressure-assisted combustion
synthesis of W + (1+x)C (0.1<x<0.3) (activated carbon as carbon source)

Initial Before Reactant Product
W
sample ignition (Theo.) Expt.- Theo.
1:1.1 Density/g* cm™* 9.454 9.192 13.526 12.378 15.236
Sample volume/cm® 1.54 1.59 1.08 1.18 0.96
Pore volume/cm® 0.46 0.51 0 0.22 0
Volume change/ % 0 2.85 30.11 23.63 37.95
Incremental volume/ % 0 2.85 27.26 6.48 14.32
1:1.2 Density/g* cm™? 9.494 9.239 13.194 12.011 14.804
Sample volume/cm’® 1.711 1.76 1.23 1.35 1.10
Pore volume/cm® 0.48 0.53 0 0.25 0
Volume change/ % 0 2.76 28.04 20.96 35.87
Incremental volume/ % 0 2.76 25.28 7.09 14.91
1:1.3 Density/g* cm™* 8.924 8.666 12.881 11.037 14.401
Sample volume/cm® 1.69 1.74 1.17 1.37 1.05
Pore volume/cm’ 0.52 0.57 0 0.32 0
Volume change/ % 0 2.97 30.72 19.14 38.03
Incremental volume/ % 0 2.97 27.74 11.57 18.89

22 RMABMBHAFR W+ (1+x)C (0. 1<x<03) R RPEBFARNBEFULIERD , EITEANBRERN
BE FAERMERELE
Table 2 Density, volume and volume change during field-activated and pressure-assisted combustion synthesis of
W+ (1+x)C (0.1<x<0.3) (carbon black as carbon source)

ow Initial Before Reactant Product
sample ignition (Theo. ) Expt. Theo.
1:1.1 Density/g* cm > 12.025 11.549 13.526 13.521 15.236
Sample volume/cm® 1.45 1.51 1.29 1.29 1.14
Pore volume/cm’ 0.16 0.22 0 0.14 0
Volume change/ % 0 4.12 11.10 11.06 21.07
Incremental volume/% 0 4.12 6.98 0.04 10.01
1:1.2 Density/g* cm™* 11.706 11.128 13.194 13.132 14.804
Sample volume/cm® 1.45 1.53 1.29 1.30 1.15
Pore volume/cm® 0.16 0.24 0 0.16 0
Volume change/ % 0 5.19 11.27 10.17 20.92
Incremental volume/ % 0 5.19 6.08 1.10 10.75
1:1.3 Density/g* cm > 10.887 10.317 12.881 12.845 14.401
Sample volume/cm’® 1.59 1.68 1.35 1.38 1.20
Pore volume/cm® 0.25 0.33 0 0.18 0
Volume change/ % 0 5.52 15.48 13.21 24.40
I | volume/ % 0 5.52 9.95 2.26 11.18
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Fig.8 Vickers hardness indentation in W + 1.3Cp (10kg load)
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