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Abstract - Nanosized tungsten carbide powders were synthesised by the chemical vapor condensation(CVC)
process using the pyrolysis of tungsten hexacarbonyl(W(CO);). The effect of CVC parameters on the formation
and the microstructural change of as-prepared powders were studied by XRD, BET and TEM. The loosely
agglomerated nanosized tungsten-carbide(WC|_,) particles having the smooth rounded tetragonal shape could be
obtained below 1000°C in argon and air atmosphere respectively. The grain size of powders was decreased from
53 nm to 28 nm with increasing reaction temperature. The increase of particle size with reaction temperature
represented that the condensation of precursor vapor dominated the powder formation in CVC reactor. The
powder prepared at 1000°C was consisted of the pure W and cubic tungsten-carbide(WC, ), and their surfaces
had irregular shape because the pure W was formed on the WC_x powders. The WC, x and W powders having
the average particles size of about 5 nm were produced in vacuum.
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Fig. 1. Schematic diagram of chemical vapor condensation(CVC) process.
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Fig. 2. X-ray diffraction patterns of (a) the raw precur-
sor(W(CO)y), (b) the precursor remained in the evapora-
tor after vaporizing, (c) the powder collected at inlet
position of reactor, (d) the powder collected at outlet posi-
tion of reactor and (e) the powder synthesized on the

chiller of collecting chamber.
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Fig. 3. X-ray diffraction patterns of the as-prepared pow-
ders with the reaction temperature in air, 1 atm.
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Fig. 4. Equilibrium phase diagram of tungsten and car-
bon.
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Fig. 5. Changes in size of tungsten carbide powder calcu-
lated from XRD, TEM and BET results of powder syth-
esized at various reaction temperatures.
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Fig. 6. X-ray diffraction patterns of the powders synther-
sized with flow rates of CO gas.
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Fig. 7. X-ray diffraction patterns of powders synthesized
under different atmosphere; (a) air, (b) Ar atmosphere of
latm and (c¢) vacuum atmosphere.
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Fig. 8. X-ray diffraction patterns of the powders synthe-
sized with reaction temperatures under initial vacuum
atmosphere(~1X 10" atm); (a) 700°C, (b) 1000°C and (c)
1100°C.

e, g F Bae] Alle doluix] gt
25 o 5 sld Y ATEAN A AP By
9] 31493 broadeninge P 7] Y HhAdE9]
719 9HA3] AlolstAl =A o), 233}
M BREEAAM FT1A AFAIel F43) 34

sl SRS Z717h 2A) ZF4Eed7) Wiielst. 27)

Enlarged

AespA Az 2] A== o 4nmE |
713k} A7) 8971 Ar 917132 nmpell HlE A}
2717} A AaEdeE & 4 ok

9 82 7] AFTEN7M Pe=el W B
42} XRD AR S BefFe}, A A
< ISt wisl Z=st w24 Zhasla AT
= A Fosle] v} He A HeFa 9l
o =g 257 1000°C(b), 1100°C(0)E 37}
gl w2l Ful=0] 7171 o) Fsle] AT A}
of A WC M &4 Wies wisgds &
4 ot

a9 92 FAHREE (@) 600°C, (b) 700°C, (c)
1000°C 2. W3}A|A A28 22| TEM ZAelc}.
PAELL I dFE vipslzte] SAAN A
02 =] o} £%71 1000°CE F71aps
AAHQ 2R =717h 2H4El ol XRD #4472
Tt dAFE & 5 Ut 600°CHA FAE B
o AL T A 2ekE T #9 A
= of$- virelg Adeielvt, 1000°CelM FHA3E &
o] AR Edle] B BoRS AR 9l
ol2igt A= YA XRD EHolA #A|g uie} 2
o] &5 W jixte] A= 7]Qlgkt. & 1000°C
M HPLE ¢4 W dAPL 1A FAE Hxel

Enlarged

Fig. 9. TEM micrographs of powders synthersized in air with reaction temperatures; (a) 600°C, (b) 700°C and (c) 1000°C.
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Fig. 11. TEM micrographs of powders synthersized under vacuum atmosphere with reaction temperatures; (a) 700°C, (b)

1000°C and (c) 1100°C.
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