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Fig. 1 Experimental set-up used for radio frequency
induction plasma reactive deposition of
tungsten carbide
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Table 1 Conditions for carburization and

deposition of tungsten powder in induction plasma

Plasma gas flow/ Sheath gas flow/ Plasma power/

(Lemin™ ') (Lemin™ ') kW
40 90( Ar) + 9(H>) 50
Reactor pressure/ Powder feed rate/ Methane flow/
kPa (g*min™ ") (Lemin™ ')
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Fig.2 SEM micrograph of tungsten power

carburized in induction plasma
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Fig. 3 X-ray diffraction pattern of
carburized tungsten powder

4 2R A N R DR JSUORE Ky A8 T Y < A S U

Fig. 4 Optical micrograph of cross sections of
large carburized tungsten particles
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Fig. 6 X-ray diffraction pattern of carburized

tungsten powder after heat treatment
at 1 900 C for 75 min
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Fig. 5 SEM micrograph of carburized tungsten

powder after heat treatment at
1900 °C for 75 min
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Fig. 7 SEM micrograph of carburized tungsten

powder pressed at 560 kPa and sintered
at 1 900 C for 75 min
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Fig. 8 X-ray diffraction pattern of carburized
tungsten powder pressed at 560 kPa and
sintered at 1 900 C for 75 min
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Fig. 9 Optical micrograph of

mid cross-section of deposit
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Fig. 10 X-Ray diffraction pattern from

deposit center
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Forming process of tungsten carbide deposited in
radio frequency induction plasma

JIANG Xiarrliang', Maher Boulos®
(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Department of Chemical Engineering, University of Sherbrooke, Sherbrooke, J1K 2R1, Canada)

Abstract: Radio frequency induction plasma was used to synthesize tungsten carbide directly from metallic tungsten powder. The carburiza-

tion process of tungsten particles with methane in the induction plasma and the reaction between carbon and deposit on the high temperature

substrate were investigated. Carburized tungsten powder was sintered at 1 900 C under the protection of Ar. Scanning electron microscopy and

X-ray diffraction were used to analyze the starting tungsten powder, the carburized tungsten powder and the deposit. The results show that rapid

carburization of the tungsten powder in the reactive plasma starts when tungsten particles are melted. Within the plasma flame, the tungsten

powder with 5 Hm can only be partially carburized. Completion of the carburization process requires the reaction between involved carbon and

the deposit on the substrate at high temperatures. Decarburization phenomenon happens during the heat treatment of the carburized powder.

Key words: tungsten powder; methane; induction plasma; tungsten carbide; carburization process
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