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High surface area tungsten carbide (WC) was prepared by
the carburization of tungsten sulfide (WS2) with a mixture gas
of H2/CH4. In particular, the surface area of WC derived from
W(CO)6/S as starting material showed around 80m2/g, which
is the highest value among reported. Transmission electron
microscopy (TEM) results revealed that WS2 decomposed into
small WC crystals with a plate-like structure retaining the entire
morphology of the original WS2 when WS2 was transformed in-
toWC. That may be one of reasons whyWC obtained in this way
gives a high surface area.

The transition-metal carbides,1 especially those of molybde-
num and tungsten, have been paid considerable attention as
promising substitutes for a Pt catalyst since Levy and Boudart
first showed catalytic properties similar to those of platinum
metals in the neopentane isomerization reaction in 1973.2 Ever
since, they have been investigated for applications in heteroge-
nous catalysis3 and electrocatalysis.4 On the other hand, they
have originally used in the field of metallurgy as bulk materials
because of their unique properties.5 For instance, WC has been
extensively used in cutting tools and many other high wear ap-
plications owing to its hardness and antiattrition.6 WC is gener-
ally prepared by direct carbonization method which is a two-step
process wherein the tungsten oxide is firstly reduced to tungsten
in a hydrogen atmosphere followed by the reaction with carbon
at 1400–1600 �C to produce WC.7 Although various synthetic
methods such as ball milling8 and solid-state metathesis9 have
been proposed for WC powder so far, they require high temper-
ature of around 1000 �C. So the specific surface area of WC was
not enough for the usage as a functional material. That is to say,
it is desired to prepare WC with small particle size and high sur-
face area which is suitable for catalyst application. It is generally
recognized that the particle size or the surface area of the catalyst
is a crucial factor in terms of the activity due to the presence of a
large number of surface active sites.10 In the present work, we
describe a novel preparation method of WC particles with high
specific surface area by carburizing WS2 with a mixture gas of
CH4/H2. In our preliminary experiments, we first found capable
to carburize WS2 at high temperature. Similarly, the analogous
reaction of tungsten nitride has been reported, but it proceeds
at much more mild condition.11 In addition, the WS2 nanopari-
cles have been known to form a variety of morphologies such
as a nanotube and fullerene-like structure called inorganic fuller-
ene (IF) in analogy to the carbon paradigm by the synthetic
conditions.12 We had taken interest in how the morphological
change went when WS2 was transformed into WC. Therefore,
two different WS2 were synthesized in the following ways
(eqs 1 and 2) according to the literature.

W(CO)6 þ S in Xylene ! WS2(A) ð1Þ

WO3 þ H2S ! WS2(B) ð2Þ

WS2(A) can be obtained at the lowest temperature of 140 �C by
reacting W(CO)6 with elemental sulfur in the liquid phase.13

WS2(B) was synthesized using WO3 nanopowder (purchased
from Aldrich) under the atmosphere of H2S at 820 �C by Tenne’s
method.14 The XRD pattern of each WS2 sample was identified
with the listing in the ICDD database. Figure 1 shows the XRD
chart of the WS2 particles synthesized by these methods.

The crystal sizes of WS2(A) and WS2(B) were estimated to
be 3.4 and 11.6 nm, respectively, by the XRD line-broading
analysis. WS2(A) is less crystalline reflecting the synthetic
condition. On the other hand, that of commercial available
WS2 (purchased from Mitsuwa Chemicals) is 36.1 nm. Then,
WC was synthesized by methane carburizing WS2 with a mix-
ture gas of 80% H2 and 20% CH4 at the flow rate of 100mL/
min at 900 �C for 7 h according to eq 3.

WS2 þ CH4/H2 ! WC ð3Þ

The reactivity of WS2 turned out to be significantly depend-
ent on its synthetic pathway. For instance, commercial WS2
hardly underwent carburization toward WC under the reaction
condition described above. Whereas, it went to completion with-
in 8 h even at 840 �C for WS2(A). The order of reactivity seems
to be WS2(A) > WS2(B) � commercial WS2. Its reactivity is
supposed to be associated with the reaction temperature at which
the WS2 particles were synthesized. Each XRD pattern of
WC(A) and WC(B), derived from WS2(A) and WS2(B), respec-
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Figure 1. X-ray powder diffraction patterns of WS2, (a)
WS2(A), and (b) WS2(B).
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tively, well matched that of the powder diffraction database, in-
dicating a hexagonal phase. The crystal sizes of WC(A) and
WC(B) were 3.3 and 4.9 nm, respectively. The BET surface
areas of each sample were determined by N2 adsorption at
around 77K using an AMS 1000 (Ohkura Riken) porosimeter.
The surface areas of the precursors, WS2(A) and WS2(B) were
30 and 34m2/g, respectively. Surprisingly, the surface area of
WC was found to greatly increase by the carburization of WS2
in spite of treating at the high temperature. WC(A) gave the sur-
face area of 83m2/g, and in the case of WC(B), it was 52m2/g.
On the other hand, the surface area of WC obtained by the con-
ventional method which was synthesized by direct carburization
of WO3 at 877

�C was only 5m2/g.15 Thus, the surface area of
WC(A) prepared from WS2(A), to the best of our knowledge,
exhibited the highest value among reported in the literature
to date. Such extraordinary behaviors aroused our interests in
elucidating the microstructural difference between WC and
WS2.

Figure 2 shows the high-resolution TEM images of WC par-
ticles synthesized from WS2(A) and WS2(B) along with that of
their WS2 precursors. WS2(A) was observed as a nest cluster and
clearly had the lattice fringes (002) of 2H-WS2. WC(A) seem to
keep the same morphology in appearance as that of WS2(A).
However, as can be seen in Figure 2b, the surface of WC(A)
grew grained and the microstructure was quite different from
that of WS2(A). It was observed that WC(A) consists of lot of
nanoorder plate-like crystallites within a few nm in size. Such
a phenomenon can be more evidently observed in the case of
WS2(B). As described above, WS2(B) was synthesized under
the condition which would form an IF-like structure such as
the multilayer polyhedra (onions) and nanotubes. TEM image

of WS2(B) indicates the presence of hollow nanotubes with di-
ameter of 5–20 nm and some onion-like structure of about
20 nm which reveals the presence of layers with a spacing of
0.6 nm, in accord with the literature.14 We were concerned with
how such a microstructure of hollow nanotubes and onion-like
IFs change as WS2(B) was converted to WC(B). As shown
in Figure 2d, TEM image of WC(B) also seemingly shows
nanotube and onion-like structure similar to that of WS2(B).
However, it seems that such nanoclusters are assembled from
small crystalline WC particles consisting of nanoplates with
ca. 5� 5 nm in size at high resolution. And the crystalline WC
has a layer structure with a lattice fringe (interlayer spacing)
of 0.25 nm, corresponding to the (001) of WC. That is to say,
the nanotube and onion-like IFs in WC(B) are though to be made
up of agglomerates of many crystalline nanoplates. Thus, the
TEM observation indicates that the crystalline WS2 decomposes
into small crystalline WC particles with a plate-like structure
retaining the entire morphology of the original WS2 when
WS2 is transformed into WC. That may be one of the reasons
why WC obtained by the carburizing of WS2 gives a higher
surface area than those prepared from other routes.

In summary, we have successfully prepared high surface
area WC particles by the novel method using WS2.
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Figure 2. Typical TEM morphology of WC and WS2, (a)
WS2(A), (b) WC(A), (c) WS2(B), and WC(B).
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