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Abstract Nano-sized tungsten disulfide (WS,) powders were synthesized by chemical vapor condensation
(CVC) process using tungsten carbonyl (W(CO};) as precursor and vaporized pure sulfur. Prior to the synthesis of
tungsten disulfide nanoparticles, the pure tungsten nanoparticles were produced by same route to define the opti-
mum synthesis parameters, which were then successfully applied to synthesize tungsten disulfide. The influence
of experimental parameters on the phase and chemical composition as well as mean size of the particles for the

produced pure tungsten and tungsten disulfide nanoparticles, were investigated.
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Fig. 1. Schematic of the experimental setup for chemical
vapor condensation process.
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Table 1. Experimental parameters for synthesized tungsten-based nanopowder
Experimental parameters
Sample number Comment
Toreo”» °C T, °C flow rate, V/min.
110°C 420°C 2.0
1 o Low T,
110°C 450°C 35 “
110°C 500°C 2.0
11 110°C 500°C 2.5 Medium T, low flow rate
110°C 550°C 2.5
100°C 500°C 4.0
11 100°C 550°C 4.0 Medium T, high flow rate
105°C 600°C 4.0
107°C 700°C 35
v 110°C 800°C 35 Hieh T
80°C 900°C 25 B
105°C 1,000°C 35
VT ou - DUbbler temperature of precursor evaporation

precur,

T . Teaction temperature in decomposition reactor
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Table 2. XRD results for synthesized tungsten-based
nanopowder

Sample number Main phase

No powder appears
! No powder appears
WC,, or W (C,0)
It WC,, or W (C,0)
WC,, or W (C,0)

X-ray amorphous

m X-ray amorphous
X-ray amorphous

£ % £E
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Fig. 2. X-ray diffraction patterns of W-based nanopowder
produced at various decompeosition temperatures and gas
flow rates.
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Fig. 3. Free energy changes in the various possible reac-
tions for the decomposition of W(CO),.
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Fig. 4. Phase map of W and WC obtained by various reac-
tion temperatures and gas flow rates.

¥ 25 iR S, uhgy|Y] Belex g vk
frgt olel we} ol A=) AAE & 5 3
gew, 1 AAE a7 4ol epliglel HAH o
£ 9 AR g 9o FEEAY, W
YA AFHeR 7] AsiME, HAEE Tlaws
BloflA] FE3] T2 HREEE A 700°C) 7T AT
ojxjof & & 4 Stk

Z13hex7} 105°C o] 2 B3)-257F 1,0000C, 7R~
ol 2.5 Umin o 27122 ozl gl vy
Aol gt AxfEu g ARE 28 5o vehigle.
T8el] 77k FAE vehie, B =20)e d
15~20 nm & vjehdch

Fig. 5. TEM photograph of nanosized tungsten powders.
synthesis conditions: T, =105°C, T, =1000°C, He flow
rate 2.5 Vmin
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Fig. 6. X-ray diffraction patterns of WS,-based nanopow-
der produced at different decomposition temperatures and
gas flow rates.
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Fig. 7. Fig. 3. Phase map of W and WS, obtained by var-
ious reaction temperatures and gas flow rates.
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Fig. 8. TEM images of produced WS, nanoparticles.
synthesis conditions: T,,,,=105°C, T, =900°C, He flow
rate 0.43 I/min
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