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SiC nanorods prepared from SiO and

activated carbon
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SiC nanorods with 20–100 nm diameter and 10–100 µm length were synthesized by
reaction between SiO and amorphous activated carbon (AAC) at 1380◦C. Microstructural
characterization of the SiC nanorods was carried out by high resolution transmission
electron microscopy (HRTEM) and energy dispersive spectroscopy (EDS). The SiC nanorods
grow on either a chain or from facets of SiC nanoparticles. They are usually straight and
preferentially orientated along the [111] direction. Branching phenomenon exists for these
nanorods. Typical SiC nanorod tip was analyzed by HRTEM image and EDS analysis. Based
on an experimental analysis, a formation mechanism is proposed to explain the
microstructural characterization of the SiC nanorods. C© 2002 Kluwer Academic Publishers

1. Introduction
Silicon carbide (SiC) is a material of great technologi-
cal interest for devices based on its unique properties,
e.g. high hardness, high thermal stability, high chemi-
cal stability and large band gap [1]. When SiC is fab-
ricated as one dimensional nanorods, they have unique
optical properties [2] together with unique mechani-
cal properties [3]. For example, the photoluminescence
emission is in the blue range at room temperature and,
with respect to their mechanical properties, the elastic
constant reaches the theoretical value of 600 GPa for
[111]-oriented SiC. Carbothermal reduction is a use-
ful synthesis method for the synthesis of SiC nanorods,
and two kinds of reduction methodologies have been
developed successfully. One method involves reduc-
tion of sol-gel-derived silica xerogels containing carbon
nanoparticles [4]. In this method, it is believed that
large quantities of SiC nuclei from on carbon nanopar-
ticles and that SiC nanorods together with amorphous
SiO2 wrapping layers grow along the [111] direction
via a vapor-vapor (VV) reaction mechanism. The other
method is direct carbothermal reduction of halide, i.e.
SiI4 [5] or silica and silicon, i.e. SiO2 + Si [2], where the
reductant is carbon nanotubes (CNTs). SiC nanorods
obtained by this method are ∼20 nm in diameter [5]
and have growth axes projecting along [111]. It is be-
lieved that the SiC nanorods are converted from the
CNTs, which act as the template for formation of SiC
nanorods.

The two methods have some disadvantages which
may limit the fabrication and application of SiC
nanorods. The first method has a complicated synthe-
sis procedure and the synthesized SiC nanorods usu-
ally have amorphous wrapping layers of SiO2, while
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the second needs expensive CNTs as a reductant. To
overcome these disadvantages, a direct carbothermal
reduction method is adopted in our experiment, where
SiO is reduced by amorphous activated carbon (AAC).
The method demonstrates the possibility for industrial
manufacture of SiC nanorods.

In general, experimental conditions are important for
growth of materials, and microstructural characteristics
are important clues as to the growth mechanism of the
obtained materials. In our investigations, we paid much
attention to experimental analysis and microstructural
characteristics of the SiC nanorods, including: the mor-
phology, the length, the diameter, the growth axis direc-
tion and the tip morphology and compositions. Based
on an analysis of experimental conditions, a mecha-
nism different from the template mechanism [2, 5] is
proposed to explain the formation of SiC nanorods with
the microstructural characterization.

2. Experimental
The SiC nanorods were obtained in a vertical reactor,
which consists of a clear fused-quartz tube 500 mm in
length, 120 mm in diameter and 2.5 mm in thickness.
The fused-quartz tube contains an inductively heated
cylinder of high purity graphite, which is 70 mm in
length, 45 mm in outer diameter and 35 mm in inner dia-
meter. A graphite (or BN) crucible, which is ∼20 mm
in diameter and ∼20 mm in height, was put in the
cylinder. The graphite crucible was fed with the reac-
tants, 99.9% purity of SiO and amorphous activated
carbon (AAC) powder, where the AAC was placed
on top of the SiO powder. The weight ratio between
SiO and AAC is 3 : 1. These materials are heated at
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1380◦C for 2 hours, at which temperature the SiO va-
porizes. During the heating process, pure Ar was in-
troduced to protect the reactants to prevent oxidation.
Following reaction, the product was collected at the cru-
cible bottom. Transmission electron microscope (TEM)
specimen was obtained by dispersing the product into
alcohol and placing the dispersion drop onto a Cu mesh
grid. The TEM specimen was examined in a 300 kV
field emission analytical electron microscope (JEM-
3000F) equipped with an energy dispersive spectrom-
eter (EDS).

3. Results
The AAC, as shown in the scanning electron mi-
croscopy (SEM) micrograph Fig. 1a, consists of many
large C fragments 1–100 µm in size. The TEM micro-
graph of Fig. 1b and diffraction pattern Fig. 1c show
many tiny amorphous C nanoparticles ∼10 nm in size
on the surface of the C fragments.

SiC nanoparticles and nanorods are the two kinds of
materials in the product. It is estimated that the yield
of nanorods is about 10%. Fig. 2 shows the morphology
of some nanorods and their diffraction pattern inset,
which can be indexed according to the β-SiC struc-

Figure 1 (a) A scanning electron microscopy image of activated carbon. (b) The morphology of the numerous C nanoparticles on a C fragment.
(c) The electron diffraction pattern of the C agglomerate in (b). It shows that the activated carbon is amorphous.

ture. The SiC nanorods typically have diameters of 20–
100 nm and lengths of 10–100 µm. The SiC nanorods
usually connect to either chains or fragments of SiC
nanoparticles 20–100 nm in size, as shown in Fig. 3a–c.
In the SiC nanoparticles, only Si, C and small quantities
of O can be detected using EDS analysis.

The nanorods are usually straight, as shown in
Fig. 4a. Each nanorod has a preferential growth axis
parallel to the [111] direction. This axis orientation was
found to be constant along the length of the nanorod. A
high density of striations exists in the nanorods. Fig. 4b
is the dark field image of the rod indicated by an arrow
in Fig. 4a using the circled diffraction spots in Fig. 4c.
The analysis of Figs 4 shows that the striations normal
to the axes in Fig. 4a are stacking faults normal to the
[111] direction.

For the straight SiC nanorods with [111] growth
axis orientation, there is an interesting branching phe-
nomenon, as shown in Fig. 5. The upper SiC nanorod
grows on the bottom one at an angle of 70◦, and some
stacking faults “SF” extend from the bottom to the up-
per one. Beside the extending stacking faults, there is
an intermediate region delineated by two lines. The line
parallel to the stacking faults denoted “SF” corresponds
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Figure 2 Micrograph showing SiC nanorods formed in the product. The inset is the diffraction pattern of the nanorods. The diffraction pattern can be
indexed as β-SiC.

to the (111) plane of the bottom one, while the other
line normal to the [111̄] direction corresponds to the
(111̄) plane of the branching nanorod.

Fig. 6a shows an HRTEM image of the typical tip of
a straight SiC nanorod. The inset is its [11̄0] diffraction
pattern. On the tip, there is a thin SiC region denoted
“C” and a thin amorphous layer denoted “A”. The thin
region “C” has the same orientation as that of the left
thicker region with a darker contrast. Its contrast re-
veals that it becomes gradually thinner from left to right.
The thin amorphous layer “A” with 1–3 nm thickness
contains Si, C and a small amount of O, as shown in
its EDS spectrum, Fig. 6b. For comparison, the EDS
spectrum of the dark region is shown in Fig. 6c.

4. Discussion
In the graphite (or BN) crucible, there are C nanoparti-
cles on AAC pieces, SiO powder, and SiO vapor when
SiO vaporizes at 1380◦C. Between these materials, two
kinds of reaction can be defined. Initially, SiO vapor
comes to the C nanoparticle-sites on the AAC frag-
ments and reacts with them as follows,

SiO(vapor) + 2C(nanoparticles)

→ SiC(nanoparticles) + CO(vapor) (1)

As reaction occurs on C nanoparticle-sites, the C
nanoparticles serve as templates, and the synthe-
sized SiC nanoparticles should be similar in size to
the C nanoparticles. Reaction (1) is a vapor-solid
(VS) reaction. Since the starting C nanoparticles on
AAC fragments connected together, reaction (1) can
lead to a chain of SiC nanoparticles as shown in
Fig. 3a and c. In fact, the C nanoparticles in reac-
tion (1) act as both reductant and template for the

formation of the SiC nanoparticles. Using a tem-
plate mechanism, Han explained the formation of one-
dimensional SiC nanorods as the result of the re-
action, SiO(vapor) + 2C(CNTs) → SiC(nanorods) +
CO(vapor), occurring on one-dimensional CNTs [2].
However, the formation of our SiC nanorods cannot be
readily explained by a template mechanism via reaction
(1). This is because reaction (1) on the C nanoparticles-
sites results in the formation of SiC nanoparticles only
when the C nanoparticles serve as a template. Sec-
ondly, the SiO powder can react with AAC pieces at
the SiO/AAC contact interface and results in SiC par-
ticles through a reaction,

SiO(interfacial powder) + 2C(interfacial AAC pieces)

→ SiC(particles) + CO(vapor) (2)

We have performed another experiment to confirm this
reaction.

The above analysis illustrates that reactions (1) and
(2) between SiO and C do not result in the forma-
tion of SiC nanorods. In addition, the formation of the
nanorods is not realized by a metallic catalyst mecha-
nism [6] because no catalyst exists in our starting mate-
rials. Since SiC nanorods consist of Si and C, we should
search for other possible reactions providing Si and C
species. In our experiment crucible, another reaction
we have not mentioned may occur to provide Si and C
species as follows.

SiO(vapor) + 3CO(vapor)→ SiC(solid) + 2CO2(vapor)

(3)

It is a vapor phase reaction between SiO and CO. This
reaction was stimulated by the CO vapor generated
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Figure 3 (a) Morphology of a straight SiC nanorod connecting a chain of SiC nanoparticles. (b) An HRTEM image of a nanoparticle in this chain of
SiC nanoparticles. (c) Morphology of a straight nanorod connecting SiC nanoparticles via a curved region indicated by an arrow.

from reaction (1), while the generated CO2 vapor can
taken into the following reaction

CO2(vapor) + C → 2CO(vapor) (4)

leading to the formation of CO vapor. Reaction (3) can
occur under a supersaturated condition of CO vapor
in a localized space. This supersaturation is realized
through the following described mode. 3 mol of CO
vapor can lead to 2 mol of CO2 vapor via reaction (3),

while 2 mol of CO2 vapor result in 4 mol of CO va-
por via reaction (4). Conversely, the generated 4 mol
of CO will be taken into reaction (3) and lead to 8/3
mol of CO2 vapor via reaction (3), and then 16/3 mol
of CO vapor via reaction (4). Obviously, reactions (3)
and (4) have a positive feedback characteristic to each
other and lead to a supersaturation of CO vapor ulti-
mately. Under this supersaturation. SiC nanorods were
generated, as shown schematically in Fig. 7. As re-
action (3) does not lead to nanorods before reaching
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Figure 4 (a) Micrograph showing straight SiC nanorods. In each nanorod, there is a high density of striations normal to the axis; (b) A dark field
image of a straight nanorod indicated by an arrow in (a); (c) [11̄0] diffraction pattern of the straight nanorod in (b).

Figure 5 Morphology of the upper SiC nanorod growing on the bottom one at a 70◦ angle. Stacking faults denoted “SF” extend from the bottom one
to the upper one.

supersaturation, and SiC nanorods can only grow un-
der a supersaturation condition, their yield was lim-
ited below 100% in the product. The growth under su-
persaturation is a kinetic growth leading to needle-like
crystals [7]. The growth along the needle-axis is unim-
peded, while growth normal to its axis is impeded. In
general, its axis is preferentially normal to the lowest

energy plane, which is the (111) plane for SiC. When the
needle-like crystal starts its growth from a SiC nanopar-
ticle, the SiC nanoparticle serves as a SiC nucleus and
controls the diameter of the needle-like crystal. From
the above analysis, we propose three growth processes
of the SiC nanorods in our experiment. (a) The SiC
nanorods start their growth from SiC nanoparticles with
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Figure 6 (a) HRTEM image of a SiC nanorod tip and its corresponding [11̄0] diffraction pattern. On the tip, there is a thin SiC layer “C” and an
amorphous thin layer “A”. (b) EDS spectra of the thin amorphous layer “A” in (a). (c) EDS spectra of the dark region in (a). In (b) and (c), the peaks
are Kα lines (0.28 ke V, 0.53 keV and 1.74 keV) of C, O and Si, respectively.

Figure 7 Growth diagram of a SiC nanorod. Under supersaturation of
CO atmosphere, SiC molecular deposits continuously on (111) plane
when SiO vaporizes onto this plane, leading to growth of SiC nanorod.

the similar diameter; (b) The growth of SiC nanorods is
then kinetically controlled via reaction (3) at supersat-
uration of CO vapor; (c) Once the supersaturation con-
dition stops, the growth of SiC nanorods is terminated.

In terms of the supersaturation concept, we can un-
derstand the curved SiC nanorods in Fig. 3, stacking
faults in SiC nanorods and the branching phenomenon
in Fig. 5. Under this supersaturation condition, (a) SiC
[7] can also grow along the direction normal to [111].
Therefore, SiC nanorods can grow along a compos-
ite direction of [111] and the direction normal to
[111]. When the two growth rates along the two di-
rections fluctuate with a disturbance of the kinetic
growth condition, the growth direction changes, and
a curved SiC nanorod results; (b) The growth of
SiC nanorods preferentially along the [111] direc-
tion can be considered as a continuous deposition

of Si and C layers on the “seeding” surface (111)
plane of the parent SiC nanoparticles layer-by-layer.
The deposition of Si and C layers can have stack-
ing sequences of either “. . . ASiACBSiBCASiAC . . .” or
“....ASiACBSiBCCSiCCASiAC . . .”. When the two se-
quences coexist in a SiC nanorod, stacking faults re-
sult. This coexistence of the two sequences in a SiC
nanorod is beneficial to the increase of entropy and de-
crease of Gibbs energy of SiC [1]; (c) Dendritic growth
is a general phenomenon under supersaturation [7],
thus the branching phenomenon as shown in Fig. 5 re-
sults. The stacking faults denoted “SF” grow out from
the bottom nanorod and serve as a nucleus [8], from
which the new nanorod grows. The join region has two
of the lowest energy planes. One is the (111) plane.
It inherits the crystallographic orientation of the bot-
tom SiC nanorod. The other is the (111̄) plane. On the
(111̄) plane, the upper nanorod grows along the [111̄]
direction.

Nevertheless, the microstructure of the SiC tip in
Fig. 6 indicates that the kinetic growth has stopped. The
thin region “C” forms during the final kinetic growth
stage of the SiC nanorod when few Si or C species are
being provided via reaction (3). However, the growth of
the amorphous thin layer “A” in Fig. 6, which contains
a mixture of Si, C and O, cannot be readily explained
directly in terms of reaction (3). This layer may form
by oxidation of the thin SiC tip when SiC nanorods are
exposed to air. It may also be caused by another mech-
anism. Since the kinetic growth stops at the SiC tip,
the amorphous layer grows at a condition approaching
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thermodynamic equilibrium. The growth may occur at
lower temperature during cooling once the heating is
finished as in the following reaction,

3SiO(vapor) + CO(vapor) → SiC(solid) + 2SiO2(solid)

(5)

This reaction (5) leads to decrease in enthalpy and
Gibbs energy at temperatures below 900◦C [9].

5. Conclusions
SiC nanorods with 20–100 nm diameter and 10–100 µm
length have been synthesized by a reaction between SiO
and amorphous activated carbon (AAC) at 1380◦C. The
synthesized SiC nanorods usually grow on a chain or
piece of SiC nanoparticles. The SiC nanorods are gener-
ally straight and have a preferential axis orientation par-
allel to the [111] direction. A branching phenomenon
exists in the nanorods. On a typical tip of the straight
SiC nanorod, there is a thin amorphous layer 1–3 nm
thick, which consists of Si, C and a small quantity of
O. It is believed that the growth of the SiC nanorods
starts from the initial SiC nuclei forming in the reac-
tion process between SiO vapor and C nanoparticles
on the AAC fragments, grow then along the [111] di-
rection via the reaction between SiO and CO vapor at
supersaturation and then ends with the formation of SiC
tips when supersaturation of SiO and CO stops.
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