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Synthesis and characterization of Ni-Si mixed oxide
nanocomposite as a catalyst for carbon nanotubes formation
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Ni-Si mixed oxide nanocomposite was prepared by co-precipitation method with Ni(NO3)2 ·6H2O and tetraethylorthosilicate
(TEOS) at pH = 10.5 under reflux condition for 6 days. It was then used as a catalyst for the formation of carbon nanotubes
(CNTs) by CVD procedure. Characterization of the catalyst and the CNTs was carried out using X-ray diffractometry (XRD),
scanning electron microscopy (SEM), transmission electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS) and
Raman spectroscopy. The results showed that Ni-Si mixed oxides nanorods with the average diameter of 3 to 4 nm play a key
role in CNTs formation.
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1. Introduction

Carbon nanotubes(CNTs) with extraordinary
physical and chemical properties such as small ra-
dius curvature at their tips and high chemical and
physical stabilities have potential applications in
field emission sources [1], hydrogen storage [2],
transistors and logic circuits [3, 4] and catalyst sup-
ports [5–7]. Since the first discovering, CNTs have
been synthesized by three main methods including
arc discharge [8–10], laser vaporization [11] and
chemical vapor deposition (CVD) [12–14]. Among
these, CVD is the unique method which can be exe-
cuted to achieve vertically aligned growth of CNTs
on selected areas of a substrate. There are seve-
ral techniques in the CVD method such as thermal
CVD [15], hot filament CVD [16], Plasma enhanced
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(PE) hot-filament CVD [17], microwave PECVD
[18]. For commercial applications, the production
of CNTs with well defined and organized arrays at
a low cost is of fundamental importance. Among
the established growth methods, the arc-discharge
and laser ablation are challenging with some limi-
tations in the low quantity of CNT products and
high temperature requirement which result in pro-
hibitive costs for scale-up mass production of CNTs.
These limitations have motivated the development
of gas-phase techniques known as catalyst chemi-
cal vapor deposition (CCVD), where nanotubes are
formed by decomposition of a carbon- containing
gas (methane, ethane, acetylene) over a catalyst con-
taining transition metal nanoparticles of Fe, Co and
Ni or related oxides, embedded in solid matrices
or supported on the surfaces of porous materials.
Besides the possibility of mass production at a low
cost, this method also has the advantage of control-
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ling the diameter, length and morphology of CNTs
by altering the catalyst nanoparticles sizes and de-
position conditions [19]. The catalytic supports or
matrices which have been employed comprise zeo-
lites [20, 21], mesoporous silica [22], silica [23, 24]
and clay minerals [25].

In this study, attempts have been made to pre-
pare Ni-Si mixed oxide nanocomposite and study
its application as a catalyst in CCVD system. In
contrast to CCVD process which utilizes methane,
ethylene, carbon monoxide and ethanol as the com-
mon hydrocarbon source [26–30], we have used the
inexpensive liquid petroleum gas (LPG) which is
a mixture of propane 54 %, butane 45 % and pen-
tane 1 % [31]. On the other hand, by omitting the
use of diluted carrier gases (such as hydrogen, ar-
gon and ammonia), which are conventionally used
in the CCVD synthesis of CNTs, a simpler CVD
technique of CNT formation was presented in this
article.

2. Experimental
2.1. Preparation of Ni-Si mixed oxide

All materials were obtained from Merck Chemi-
cal Company and used without further purification.
Ni-Si mixed oxide (NSO) was prepared by the co-
precipitation method. NiNO3·6H2O (4.3 g in 20 ml
water) was slowly added to a solution of tetraethy-
lorthosilicate (TEOS), (16.7 g, 0.8 mol) in water
(20 ml). After stirring for 30 min at 50–60 °C, the
solution pH was adjusted to 10.5 by addition of
aqueous KOH (20 %). The resultant mixture was
refluxed at 80 °C for 6 days. The solid product was
then filtered and washed with distilled water until
the filtrate became neutral. The NiO2 � SiO2 solid
was dried at 120 °C for 6 h, and then calcined at
800 °C for 6 h.The composition of the catalyst was
determined as 20 % NiO2 and 80 % SiO2.

2.2. Preparation of CNTs

The LPG chemical vapor deposition was per-
formed in a quartz tube equipped with temperature
and gas-flow controllers, as shown in Fig. 1. The
NSO nanocatalyst support was prepared by deposi-
ting drops of the ethanol colloidal solution of NSO
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Fig. 1. Schematic diagram of CCVD system.

onto cleaned silicon (111) wafers and letting it to
dry up completely at room temperature. After the
reactor temperature reached 800 °C the prepared
catalyst was placed in the reactor and a flow of LPG
(200 sccm) was introduced into the quartz tube. The
CNTs growth duration was 20 minutes. The LPG
gas was then replaced with nitrogen and the furnace
was subsequently cooled to the room temperature.

2.3. Characterization

Powder X-ray diffraction (XRD) analysis of the
catalyst and CNTs was carried out using a 3003
PTS Seifert diffractometer with Cu Kα radiation
(λ = 0.1540 nm). Raman spectra were obtained with
Thermo Nicollet Almega Dispersive Micro Raman
Spectrometer (λ = 532 nm). The scanning electron
microscopy (SEM) observations were carried out
using a Philips XL30 microscope (1992). Trans-
mission electron microscopy (TEM) studies were
conducted by a Philips CM-200 FEG (Field Emis-
sion Gun) apparatus. X-Ray photoelectron spec-
troscopy (XPS) was executed in an ESCA/AES
system equipped with a concentric hemispherical
analyzer (CHA, Specs model EA10 plus). The data
acquisition was performed at a nominal resolution
of 0.1 eV. For exciting the X-ray photoelectrons, an
Al Kα line at 1486.6 eV was used.

3. Result and discussion
3.1. XRD analysis of NSO nanocomposite

The Ni-Si mixed oxide was prepared as men-
tioned above with modification of the reaction by
using water as a solvent and keeping reaction at
reflux condition for six days. The XRD pattern of
NSO (calcined at 800 °C), shows NiO2 as rhombo-
hedral phase (card 22–1189) on SiO2 cristobalite
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(a)
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Fig. 2. TEM images of Ni-Si mixed oxide nanorodes at
two different magnifications.

(with card � 39–1425 as tetrahedral phase). The
peaks were relatively broad with low intensities that
implied fine particles.

3.2. TEM images of NSO
Fig. 2a and 2b display the TEM images of Ni-Si

mixed oxide at two different magnifications. The
formation of nanorods with 5 sheets and with the
same interspace and diameter of 3–4 nm is interest-
ing for further studies.

3.3. SEM and TEM images of CNTs
Fig. 3a and 3b show SEM images of the obtained

CNTs at low and high magnifications, respectively.

(a)

(b)

Fig. 3. SEM images of the grown CNTs at two different
magnifications.

Based on these Figures, a dense forest of CNTs has
grown on the wafer. The histogram of the grown
CNTs, fitted with a Gaussian curve is illustrated
in Fig. 4. According to this diagram the average
diameter of the grown CNTs is 37 nm. Fig. 3 also
shows that the length of obtained CNTs reaches to
several microns.

Fig. 5 exhibits the TEM images of the grown
CNTs. This figure shows that the morphologies seen
in the SEM images have tubular structures, i.e. they
are carbon nanotubes and not carbon fibers. The
dark point indicated by the black arrow in Fig. 5a
shows the catalyst particle on the tip of the tube. The
white arrows in Fig. 5b show the graphitic shells
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Fig. 4. Histogram of diameter distribution of the grown
CNTs.

that block the interior of the tubes, characteristic of
bamboo shaped structure.

3.4. XPS Spectrum of CNTs
Fig. 6 demonstrates a deconvolution of carbon

1s peak in a XPS spectrum of the grown CNTs. As
it can be seen, there are four peaks. These peaks
are attributed to SP2, SP3, C−O and C−OH che-
mical bonds at 284.4 eV, 285.1 eV, 286.77 eV and
289.82 eV, respectively.

According to this spectrum, graphite is the major
part of the carbon structure in the samples, which
is another evidence of the growth of CNTs in our
process.

3.5. Raman Study
Raman spectroscopy was used to further charac-

terize the structure and crystallinity of the synthe-
sized CNTs. The Raman spectrum of the produced
CNTs is depicted in Fig. 7. The Raman band appear-
ing in 1500–1605 cm−1 region of the wave number
is attributed to G band (graphite band) and the one
appearing in 1250–1450 cm−1 spectral region is
known as D band (disorder induced band). The G
band is assigned to C–C vibration frequency of the
carbon material with a sp2 orbital structure and the
D band is contributed to the disorder induced vi-
bration of C–C band [32]. Here there are two main
peaks in the spectrum.

The clear G-band at 1588.7 cm−1 indicates the
formation of graphitized multi wall carbon nano-

(a)

(b)

Fig. 5. TEM images of the grown CNTs.

tubes (MWCNTs) and the D-band at 1317.8 cm−1

indicates the existence of the disordered carbon such
as amorphous carbonaceous particles or defective
graphite layers. The peak intensity ratio I (G)/I (D)
is used as a rough measure of sample quality be-
cause it is the relative response of graphite carbon
to defective carbon. Here the ratio of I(G)/I(D) is
∼1.10 which shows that the grown CNTs have ac-
ceptable crystalline graphitic structure.

Based on the obtained results, it is observed that
NSO nanorodes have been formed in the presented
conditions. Nowadays, the study of mixed oxide
nanorodes formation is an interesting subject. It is
generally accepted that the CNT growth processes
involve the adsorption and decomposition of LPG
containing carbon on a catalyst surface, the disso-
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Fig. 6. XPS spectroscopy of CNTs.

Fig. 7. Raman spectrum of CNTs.

lution and diffusion of released carbon atoms dis-
solved in the catalyst particles and the precipitation
of the graphite-like layers [16].

4. Conclusion
In this study, a nanocomposite of Ni-Si mixed

oxide was synthesized by co-precipitation method in
water as a green solvent without using any organic
template. Attempts have also been made to prepare
these nanostructures with only one morphology. The
SEM-EDX, and TEM-EDX showed that these nano-
materials were mainly Ni and Si oxides with the
molar ratio of one to four. The prepared nanocom-
posite shows a good activity as a catalyst for mass

production of CNTs with LPG which is a relatively
cheap carbon source. The growth mechanism was
investigated by examining the SEM, TEM, Raman
and XPS. The TEM image implies the formation
of Ni-Si mixed oxide nanocomposite as nanorods.
Without using any catalyst, and at 550–650 °C, no
LPG decomposition was observed. It was also found
that, with no nickel oxide present in the mixed oxi-
des, no CNTs were formed. The CCVD process
with the eco-friendly synthesis Ni-Si mixed oxide
is a suitable procedure for the mass production of
CNTs.
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