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Synthesis of carbon nanotubes via
toluene-thermal reduction process

at moderate temperature
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Carbon nanotubes were synthesized with toluene as carbon source and solvent at 350°C
under stiring situation. In this process, La/Ni were used as catalyst, which were reduced via
LaCls and NiCl, with sodium as reductant. The products were characterized with X-ray
powder diffractometer (XRD), transmission electronic microscopy (TEM) and Raman
spectroscopy. The carbon nanotubes had diameters ranging from 100-200 nm and lengths
ranging from hundreds of nanometers to several micrometers. The yield of carbon
nanotubes, in accordance with TEM observations was estimated to be about 70%.
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1. Introduction

Carbon nanotubes are known for their unique electronic
and physical properties, which are attributed to their
nanometer size and pseudo one dimensionality. Since
Iijima’s discovery [1], Carbon nanotubes have attracted
more and more attention from physicists, chemists and
engineers [2]. This is because the carbon nanotubes
have various potential applications such as electro-
chemical devices [3], nanotweezers [4], gas storage [5],
field emission devices [6], memory devices [7], ther-
mal conduction strain sensors and catalyst supports [8]
amongst others.

Various methods have been developed for the synthe-
sis of carbon nanotubes, such as pyrolysis method [9—
12], electric arc discharge [13, 14], laser ablation [15,
16], hydrothermal [17], floating catalyst method [18],
chemical vapour deposition (CVD) [19-24]. Compared
with other high temperature methods such as arc dis-
charge and laser ablation, CVD method is more control-
lable and cost-efficient. CVD-grown carbon nanotubes,
obtained by the decomposition of hydrocarbons in the
presence of metal catalysts, are usually longer and can
grow aligned if a patterned substrate is used as a cata-
lyst [20-22]. However, toxic and hazardous gases such
as C,H,, matallocene etc. were used as carbon sources
and very often H, gas for improving tube graphitiza-
tion. To explore other alternatives, the Qian’s group
have applied solvothermal methods to synthesize car-
bon materials such as carbon nanotubes [25], hollow
spheres [26] and cones [27]. Liu and co-workers have
synthesized carbon nanotubes on a large scale using the
reaction of ethanol with magnesium, and the yield was
estimated to be about 80%, but the reaction tempera-
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ture was as high as 600°C [28]. Recently, Wang et al.
have successfully synthesized multiwall carbon nan-
otubes by a low temperature solvothermal approach at
310°C without adding the conventional catalysts such
as Fe/Co/Ni, in which the ethoxylated alcohol poly-
oxyethylene (4) ether (C,E4) was used as a carbon
source, and their yield was estimated to be about 20%
[29].

In this work, we have used toluene as carbon sources,
LaCls and NiCl, as catlyzer precursor which have been
reduced by sodium, to synthesize carbon nanotubes via
toluene-thermal process at 350°C under stiring situ-
ation. The yield was estimated to be about 70% via
electron microscope observations.

2. Experimental

All reagents of analytical grade were commercially
available. The mixture (wt%?2:1) of LaCl3;-nH,O and
NiCl,-6H,0 was put into the hard glass tube, and dehy-
drated at 350°C under vacuum situation. The catalyzer
precursor was ground into powder in glove case. Metal-
lic Na was washed with toluene and wiped with filter
paper.

In a typical experiment, catalyzer precursor (0.5 g),
metallic Na (0.8 g) and toluene (80 ml) were mixed
in a stainless steel stiring autoclave of 120 ml capac-
ity. The stiring speed was set at 180 r/min, and the
sealed autoclave was heated at 350°C for 24 h and
then allowed to cool to room temperature naturally. The
dark precipitate was collected and washed with abso-
lute ethanol, and then was dipped in dilute aqueous HCI
solution (1:1) about 20 h. After that, it was washed with
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Figure 1 XRD pattern of the products.

distilled water, absolute ethanol, respectively. The ob-
tained sample was dried in a vacuum at 60°C for 4 h.
Structure characterization was performed by X-ray
diffraction (XRD) on a MSAL-XD2 X-ray diffrac-
tometer using Cu-K, radiation (40 kV, 20 mA, A =

1.54051 A). The morphologies of the sample were
characterized with Philips TECNAI-10 transmission
electron microscopy. The Raman spectrum of as-
prepared samples was recorded at room temperature
on a Renishaw RM2000 Raman microspectronmeter
with an argon-ion laser at an excitation wavelength of
514.5 nm.

3. Results and discussion
Fig. 1 shows the XRD pattern of the as-prepared prod-
ucts. A scanning rate of 0.08° s~! has been used to
record the pattern in the range of 10-70°. Two intense
peaks can be indexed to a hexagonal graphite lattice
with cell constant @ = 2.4308 A and ¢ = 6.8104 A.
The deviation was lower than 2% compared with the re-
ported values a = 2.4704 A and ¢ = 6.7244 A (JCPDS
41-1487).

Fig. 2a depicts a typical TEM image of carbon nan-
otubes. These carbon nanotubes have diameters ranging
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Figure 2 TEM image of as-prepared sample: (a) carbon nanotubes, (b) enlarged image of carbon nanotubes (c) carbon nanoribbons, (d) selected-area

electron diffraction pattern of a carbon nanotube.
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Figure 3 Raman spectrum of the as-prepared products which shows two
graphite peaks at 1331.5 and 1589 cm™!.

from 100-200 nm and lengths ranging from hundreds
of nanometers to several micrometers. There is no
encapsulated solid particle at the closed carbon nan-
otubes tips. Our observations are consistent with that
of Liu and co-workers [28], who demonstrated that
there was no encapsulated solid particle at the closed
tip. What’s more, the carbon nanotubes have open-end
structure indicated by the headed arrow (Fig. 2a and b).
The yield of carbon nanotubes was estimated through
TEM observations of the as-prepared samples to be
about 70%. Meanwhile, carbon nanoribbons were ob-
served in the as-prepared sample, too. Fig. 2¢c depicts a
TEM image of the carbon ribbons, of which, the widths
range from hundreds of nanometers to several microm-
eters. The selected area electron diffraction (SAED)
pattern (Fig. 2d) exhibits a pair of strong arc for 002
and a pair of weak arc for 004, together with a ring for
100 and a ring for 110 diffractions. The appearance of
002 and 004 diffraction as a pair of arcs indicates some
orientation of the 001 planes in the carbon tubes.

The carbonous products have been used directly to
record the Raman spectrum (Fig. 3) at ambient temper-
ature at an excitation wavelength of 514.5 nm. There ex-
ists two peaks at 1331.5 and 1589 cm ™', corresponding
to the typical Raman peaks of carbon nanotubes [30].
The peak at 1589 cm~! corresponds to an Es; mode of
graphite and is related to the vibration of sp?-bonded
carbon atoms in a two—dimensions hexagonal lattice,
such as in a graphite layer. The peaks at 1331.5 cm™!
is associated with vibrations of carbon atoms with dan-
gling bonds in plane terminations of disordered graphite
[31, 32].

In our experiment, the chlorides of La and Ni were
reduced to La/Ni catalyzer by metallic Na. Toluene
played a manifold role in the formation of the car-
bon nanotubes. It was used as carbon resource and
solvent simultaneously. In the presence of La/Ni cat-
lyzer, Na reacts with toluene to produce carbon, The
freshly formed carbon atoms assemble into hexagonal
carbon clusters, which may grow into nanotubes at the
surface of the catalyst particles. The catalyst played
an important role in the process of nanotube growth.
In order to prove this, we conducted another experi-
ment for the sake of comparison, in which, the same
condition was maintained; however, carbon nanotubes
cannot be observed in the as-prepared sample unless the

mixture of LaCls and NiCl, was used. A detailed study
of the growth mechanism of the carbon nanotubes and
nanoribbons is underway.

4. Conclusions

In summary, a catalytic-assembly toluene-thermal route
to carbon nanotubes using reduction of toluene by
metallic Na in the presence of La/Ni catalyzer at 350°C
has been developed. The carbon nanotubes obtained
from our experiment are well graphited. The catalytic
metal particles may play an important role in the nucle-
ation of the nanotubes. The carbon nanotubes have di-
ameters ranging from 100-200 nm and lengths ranging
from hundreds of nanometers to several micrometers.
The yield of carbon nanotubes, based on TEM obser-
vations of the as-prepared samples was estimated to be
about 70%.
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