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Tantalum carbide (TaC) nanocrystals have been successful-
ly synthesized at 650 �C through a solid-state reaction in an au-
toclave. Transmission electron microscopy images show that the
TaC crystallites consist of nanorods with a typical size of about
40� 800 nm. Some uniform particles with an average size of
about 40 nm also exist in the sample.

Tantalum carbide (TaC) is an important material among
transition metal carbides. It has many attractive properties such
as high melting point (3880 �C), outstanding hardness, high
chemical stability, and excellent electronic conductivity. For
these properties, TaC has been used in many special working
conditions.

It is well known that the shape and size of nanocrystals have
an important influence on their physical properties and applica-
tions. As a specific nanomorphology, one-dimensional nanorods
can be used as building blocks for many functional materials,
which have great potential applications in electronic and opto-
electronic devices. As for TaC, its nanorods can serve as the
building blocks for nanometer microelectron devices used in
special working conditions.

TaC has been synthesized by a lot of methods such as sol–
gel, self-propagating high-temperature synthesis (SHS), alternat-
ing-current discharge, high-frequency plasma.1–5 In addition,
various techniques have been applied to obtain TaC films includ-
ing pulsed-laser deposition, physicochemical vapor deposition
and direct-current magnetron sputtering.6–8 Recently, much ef-
forts have been made to synthesize TaC or prepare TaC films
at lower temperatures, controlling morphology or simplifying re-
action procedures. For example, TaC whiskers have been syn-
thesized via a carbothermal reduction process.9 TaC films have
been prepared at low temperatures (350–650 �C) by chemical va-
por deposition with Ta complexes as precursors.10

In this paper, we report a simple low-temperature chemical
route to synthesize cubic TaC nanorods. The reaction was car-
ried out in an autoclave at 650 �C and can be described as fol-
lows:

4TaCl5 þ C4Cl6 þ 26Na ! 4TaCþ 26NaCl

All manipulations were carried in a dry glove box with Ar
flowing. In a typical procedure, an appropriate amount of anhy-
drous TaCl5 (0.01mol), C4Cl6 (0.0025mol), and Na (0.065mol)
were put into a glass-lined stainless autoclave of about 50mL-
capacity. The autoclave was sealed and maintained at 650 �C
for 8 h, and then cooled to room temperature. The product was
washed with absolute ethanol, dilute hydrochloric acid, and dis-
tilled water in turn to remove NaCl and other impurities. After
drying in vacuum at 60 �C for 4 h, the final black powder product

was obtained. The yield of TaC from the raw materials is about
90%.

X-ray powder diffraction (XRD) measurement was carried
out on a Rigaku Dmax-�A X-ray diffractometer with CuK� ra-
diation (� ¼ 1:54178 �A). The morphology was observed from
transmission electron microscopy (TEM) images taken with a
Hitachi H-800 transmission electron microscope. X-ray photo-
electron spectra (XPS) were recorded on a VG ESCALABMKII
X-ray photoelectron spectrometer, using nonmonochromatized
MgK� X-ray as the excitation source. Thermogravimetric anal-
ysis (TGA) profile was collected with a Shimadzu-50 thermo-
analyzer apparatus under airflow.

Figure 1 shows the XRD pattern of the as-prepared TaC
sample. All the peaks can be indexed as cubic TaC. After refine-
ment, the lattice constant, a ¼ 4:443 �A, is obtained, which is
very close to the reported value for TaC (a ¼ 4:446 �A, JCPDS
card, No.770205). The broadening of the XRD peaks may orig-
inate from the small grain sizes of the TaC sample, which is con-
firmed by the TEM results.

The composition information of the TaC sample could be
obtained from the XPS spectra (not shown). The Ta 4f and C
1s core-level regions were examined. The binding energies of
Ta 4f7=2 and Ta 4f5=2 are observed at 23.2 and 25.2 eV, respec-
tively. The major signal of the C 1s electron is found at
282.9 eV. The binding energies for Ta 4f and C 1s are consistent
with the reported value for TaC.10,11 A minor peak of C 1s at
284.6 eV is also observed, which could be attributed to a small
amount of graphitic carbon on the powder surface. The quantifi-
cation of the peak intensities reveals that the atomic ratio of C to
Ta is 0.99:1.0, which agrees well with the chemical stoichiomet-
ric relation of TaC.

The morphology of the as-prepared TaC sample was ob-
served from TEM. Figures 2a, 2b, and 2c show TEM images
of the TaC sample. It can be seen that TaC crystallites are com-
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Figure 1. XRD pattern of the as-prepared TaC sample.

1546 Chemistry Letters Vol.33, No.12 (2004)

Copyright � 2004 The Chemical Society of Japan



posed of nanorod crystallites with a typical size of about
40� 800 nm. Some uniform particles with an average size of
about 40 nm are also found to exist in the TaC sample. On the
basis of the TEM observations, the TaC nanorods account for
about 40% of the total product. Figure 2d reveals the correspond-
ing selected area electron diffraction (SAED) pattern of the TaC
nanorods, which indicates that the nanorods were of a cubic TaC
single crystalline structure.

The possible formation mechanism of TaC nanorods can be
proposed here. In our experiment, the overall reaction may pro-
ceed via a coreduction route. According to free energy calcula-
tions, our synthetic route is highly exothermic (�H� ¼ �1950:3
kJ/mol). During the reaction process, with the temperature in-
creasing, C4Cl6 will be reduced by Na through dechlorinating
to free C4 chains. The newly formed free C4 chains are so active
that they connect with each other to produce carbon chain clus-
ters. TaCl5 will also be reduced by Na to activated Ta particles.
The coreduction of TaCl5 and C4Cl6 generates a great deal of
heat and results in an instantaneous high local temperature,
which may be sufficient to melt the reaction by-prouduct NaCl
(melting point: 801 �C). The molten NaCl provides a liquid me-
dium in which the diffusion coefficient is higher than that in the
solid medium. As a result, the newly formed activated Ta parti-
cles disperse in the liquid environment and diffuse easily to the
surface of carbon chain clusters where Ta reacts with carbon in
site to form TaC nanorods. Meanwhile, the vaporization of
TaCl5 (boiling point: 233 �C) and C4Cl6 (boiling point: 215
�C) during the reaction process can bring about high pressure
in the autoclave (according to the ideal gas law, the highest
pressure can be about 1.57MPa), which may favor the formation
of crystalline TaC nanorods.

The oxidation behavior of the as-prepared TaC sample was
studied below 1000 �C by the thermogravimetric analysis (TGA)
carried out in air at atmospheric pressure. Figure 3 shows the
TGA curve of the TaC sample. It indicates that a small weight
loss step occurs around 100 �C, this can be attributed to the evap-
oration of absorbed water on the surface of the sample. The onset
of the oxidation of the TaC sample is found to begin at about
300 �C. This initial oxidation temperature is much lower than
that of TaC whiskers with diameter of about 0.3mm, which is
stable in air up to 550 �C.12 The lower thermal stability of TaC

sample may be due to its nanometer structure. It is known that
the ratio of the surface to volume of nanocrystals is much larger
than that of the bulk materials and there exist a lot of vacancies
and dangling bonds exposed on the surface of nanocrystals. The
high surface area and reactivity lead to the onset of oxidation for
nanocrystalline TaC at a much lower temperature. Figure 3 re-
veals that the weight gain increases slowly below 400 �C. This
may be due to the produced oxide layer coating on the surface
of grains, which could inhibit the oxidation of TaC. With the
temperature increasing further from 400 �C, the weight gain
shows a significant increase and reaches a maximum value at
about 670 �C. This may originate from the fact that the formed
protective oxide layer is destroyed and the oxidation rate in-
creases rapidly again. Above 670 �C, A small weight loss step
is observed, which may be induced by the oxidation of a small
amount of residual carbon in the sample.

In summary, nanocrystalline TaC has been successfully
synthesized at 650 �C by using TaCl5, C4Cl6, and Na as the
reactants. The TGA result showed that the onset of oxidation
of TaC nanocrystals occurred at 300 �C. An atomic ratio of C
to Ta of 0.99:1.0 was determined from X-ray photoelectron
spectra.
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Figure 2. (a), (b) (c): TEM images of TaC nanorods; (d): select-
ed area electron diffraction pattern of the TaC nanorods.
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Figure 3. TGA curve for the as-prepared TaC sample.

Chemistry Letters Vol.33, No.12 (2004) 1547

Published on the web (Advance View) October 30, 2004; DOI 10.1246/cl.2004.1546


