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Synthesis of WS, Solid Lubricant
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Abstract—The tungsten disulfide (WS,) solid lubricant was synthesized by two different reaction
processes, Ie., the reaction hetween CS, gas phase and solid WO, powder, and the vapour phase tran-
sport method of tungsten and sulfur in a high vacuum. The chemical and physical characteristics of
synthesized WS, powder were analyzed in terms of the average particle size, morphology, crystalline
phase etc. in comparison with those of commercial WS, powder. The solid WO, powder with the av-
erage size of 0.2 pm was reacted with CS, gas flowed with N, or 96% N,+4% H, forming gas for
36 h and 24 h at 900°C respectively. WS, crystalline phase was then formed through the interme-
diate phase of W,,0x. In the case of vapour phase transport method, the 3.5 wt% iodine was added
as a vapour transport reagent into the composition of tungsten and sulfur powders maintaining a con-
stant molar ratio of W:8S=1:2.2. The mixture was then heat treated at 850°C for 2 weeks in vacuum.
The reaction product obtained showed the average size of 12 um and the hexagonal plate shape of
typical solid lubricant with 2H-WS, crystalline phase.

Key words—WS,, solid lubricant, solid-gas reaction, vapour phase transport method.
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Fig. 2. Schematics of WS, coating layer on the sub-
strate.
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Fig. 3. Schematics of substrate and coated WS, layer.
The weak bonds between the sulfur-sulfur layers allow
easy sliding of these layers over one another resulting
in low friction force.
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Fig. 5. Schematics of (a) loading of 10 mm diameters
quartz tube containing WO, powder into the AlLO,
tube with large diameter, (b) reaction apparatus.
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Fig. 6. Comparision of the XRD pattem taken from WO,
powder with the powder reacted with CS,/N, gas for 3
hours at 850°C.

* WO,
X WO s
v WS:

C83/N;
900T /24h

Pnd
=
@ x C84/N;
8 . ~ X 900 T/36h
£ .
x v v x CSiNivHa
. 900 T /24
) L . "
20 30 40 50 60 70 80
26

Fig. 7. XRD patterns as functions of reaction time and
kind of flowing gas.
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Fig. 9. The distribution of particle size of (a) comm-
ercial WS, powder and (b) the powder synthesized by
vapour phase transport method for 2 weeks at 850°C.
The average particle sizes of commercial and syn-
thesized powders are 10 pm and 12.6 pm respectively.
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Fig. 10. SEM mlcrographs showing the shape of WS,
platelet. (a) the commercial and (b) the powder synthesiz-
ed by vapour phase transport method. The synthesized
WS, platelet were formed with well-defined hexagonal
plates.

Table 1. Comparison of the characteristics of synthesiz-
ed WS, powder with those of commercial one

Powder Commercial ~ Synthesized
Character powder powder
Distribution of particle size 0.5~50 pm  0.5~50 pm
(Average size) (10 um) (12.6 um)
Shape of particle platy platy
(well-defined)
Phase of crystal 2H-WS, 2H-WS,
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