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ABSTRACT

A simple route for the synthesis of helical double walled carbon nanotubes (DWCNTSs) and triple walled
carbon nanotubes (TWCNTSs) by chemical vapour deposition of acetylene on Crg 1Nig3MgosO catalyst. In
this study, high-quality helical double and triple helix carbon nanotubes have been synthesized on
combustion catalyst. The morphologies and qualities of the CNTs were characterized by x-ray diffraction
scanning electron microscope, transmission electron microscope, and Raman spectroscopy. Structural
control over the hDWCNTs and hrTWCNTs was achieved by simply altering the catalyst composition,
reaction temperatures and acetylene flow rates. This study demonstrates that Cr can act as an efficient
catalyst for the growth of hDWCNTs and hTWCNTs. This technique opens up the possibility for
economically preparing CNTs with controlled coiled structure.
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INTRODUCTION

Helical or coiled carbon nanostructures research has
9rown rapidly in properties after the discovery by Iijima,1'
owing to their synthesis, structure and attractive unique
physical and chemical properties.*® Generally,
depending on their structure, carbon nanotubes (CNTSs)
can be divided into two main types: single-walled
nanotubes (SWCNTs) and multi-walled nanotubes
(MWCNTSs). Recently, helical carbon nanotubes (h-
CNTs) are more attractive due to their helical or coiled
morphology and the fantastic properties of such as large
surface area and high peroxidase activity which
embrace h-CNTs enable them to be used as biosensors
and biocatalysts.® To date, the predominant methods
used for the synthesis of CNTs are arc discharge laser
ablation and chemical vapor deposition (CVD). In the
case of laser based processing is not suitable for large
scale production due to high costs of equipment and
energy. Eventhough, arc discharge produce high quality
CNTs but it needs high purity graphitic electrode as
carbon source which is much expensive. In addition to
graphite, there has been promising research into the
use of other cheap materials such as hydrocarbon, coal,
pitch, oil residue as source materials. According to the
previous investigator, synthesis of coiled DWCNTs and
TWCNTSs can be controlled by arc discharge technique.
Among various methods to produce the coiled CNTs,
CVD approach is predominant due to the high quality
and good controllability. In our previous work, we have
demonstrated the helical MWCNTs using combustion
catalyst by CVD technique.” In this study, our work
results indicate that helical double walled carbon
nanotubes (h-DWCNTs) and triple walled carbon
naotubes (h-TWCNTSs) can be controlled by optimising
synthesis condition using CVD technique.

Experiment

Synthesis of Combustion Catalysts

According to our previous investigation,7'8 the
combustion catalyst were synthesised using the different
mole ratio of various metal nitrates such as chromium
nitrate [Cr(NOs),], nickel nitrate [Ni(NOs),] and
magnesium nitrate [Mg(NOs),] by the general formula
Cr.NiyMg,O (Where x= 0.1, y= 0.3 and z = 0.6) in 100ml
standard flask. Take 15 ml of the solution in a china dish
and add 3g of citric acid which act as a combustion
agent or fuels. Mixed the solution well and then kept in
muffle furnace at 550 °C for 5 min. Then the obtained
foamy material was crushed with mortar and the finally
solid product was used for the growth of carbon
nanotubes.

Synthesis of helical DWCNTs and TWCNTs

About 100mg of fresh catalyst was placed on a quartz
boat located at the middle of the reactor.® The
Cro4Nip3sMgoeO catalyst was loaded into the CVD
chamber and to remove the oxidative material that
present in the catalyst was done by purging N, gas at
flow rate of 500 sccm from room temperature to desired
temperature (500 — 750 °C) for 10 min. Then at the
same temperature, H, gas was purged into the reaction
chamber at a flow rate of 200 sccm which acts as a
reducing gas and finally C,H, gas was purged into CVD
chamber at a flow rate of 40 sccm. After the reaction

completed, acetylene and hydrogen flow was stopped,
whereas nitrogen flow was maintained to cool down the
furnace. The pristine CNTs were purified by stirring with
Conc. HCI (35%) for 2hr and then washed with distilled
water for several times until it becomes neutral.®®

Characterization of carbon nanotubes

X-Ray diffraction (XRD) pattern of CNTs was obtained
using a Cu-Ka radiation (A = 0.154 1 nm). Scanning
electron microscopy (SEM) image of the resulting
product was measured by using JEOL, JSM6390. High
resolution transmission electron microscope (HRTEM)
was performed with a Technai T30 300 Kev Brand FEI
operating at 200 kV. Further Raman spectroscopy
Bruker: RFS27 FT was performed to analysis CNTs.

RESULTS AND DISCUSSION

Production of Helical DWCNTs and TWCNTs
Influence of reaction temperature

CNTs synthesized were studied by varying the reaction
temperatures ranging from 500 to 750 °C (i.e.) 500, 550,
600, 650, 700 and 750 °C using CVD techniques. The
carbon yield of the synthesized CNTs increases almost
linearly with increasing the reaction temperature (Fig. 1).
The higher carbon yield (525%) is achieved for the
reaction temperature of 650 °C. The oxidizing
temperature of the CNTs as a function of reaction
temperature (Fig. 1) indicates that higher reaction
temperatures result in the formation of CNTs with more
stable structures. Note that for the reaction temperature
below 500 °C, no CNTs formation is achieved (not
shown). But comparatively, the low yield of CNTs below
650°C temperature may be related to the non- uniformity
from the metal-carbon alloy formation. It is generally
accepted that CNTs are formed by carbon atom
dissolution, diffusion and precipitation through the
catalyst in the CVD process.10 The dissolution, diffusion
and precipitation of the carbon atoms are found to be
affected by temperature. It was found from CNTs
synthesis was obtained at 650 °C with high yield is
possibly due to optimum decomposition rate of C,H, at
the catalytic site. At high temperature, the
decomposition of C,H, tends to get increased and
consequently the concentrations of carbon atoms
increased. In our case at 700 °C the carbon yield were
found to be less. Owing to the higher dissolution rate of
carbon, there is a carbon cluster formation over the
catalyst particles. This tends to lose their catalytic
activity and it retards the growth of CNTs.

Influence of C,H, flow rate

The effect of C,H, gas at different flow (40, 50, 60, 70
and 80 sccm) rate was studied for the catalyst CrqNi
03MgosO over the optimized temperature at 650°C for
10 min. When the flow rate of acetylene increased from
40 to 60 sccm, a gradual increase in the carbon yield
from 410 to 465 % was observed and clearly seen in
Fig. 2. Further, on increasing the flow rate of carbon to
70 and 80 sccm, it started to reduce the CNTs yield
significantly to 445 to 395 %, respectively. This may be
due to the decrease in the contact time of the
hydrocarbon with increase in the flow rate of the gas.
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The optimized reaction condition produced the
maximum CNTs vyield of 529 % using Crg 1Ni ¢3MgqeO
catalyst at 650 °C for 10 min with Nitrogen, Hydrogen
and acetylene flow rate of 500 sccm, 100 sccm and 60
scem, respectively.

Characterization of CNTs

The high carbon yield obtained from the decomposition
of acetylene over CrgNip3sMgoeO catalyst was
characterized by XRD, SEM, TEM, and Raman
spectroscopy.

XRD

The XRD pattern of the purified CNTs is shown in Fig. 3.
The diffraction peak at 26.3°, 43.53° and 61.9° are
corresponding to (002), (100) and (101) planes
respectively which are indexed to hexagonal graphitic
peak of carbon nanotubes. Also the XRD pattern shows
low content of amorphous carbon."’

SEM image of CNTs grown on CryNi ,3Mg,c0O
catalyst

The SEM image of the carbon product synthesized from
catalyst Crg Ni ¢3MgoeO, by CVD method shows a
typical morphology. SEM images show the formation of
bundles of CNTs with coiled structure (Fig. 4.a) and also
the helical nature with uniform pitches at equal intervals
(Fig. 4.b). The coils present various morphologies and
diameters, but at the same time they demonstrate
certain regularity. The majority of the CNTs were coiled
in a regular and tight fashion, and the coil pitch was
short. It is worth noting that the CNTs were composed of
two or three-coiled nanotubes (h-DWCNTs and
TWCNTSs) connected to a catalyst nanoparticle, and the
nozzles of the tubes were clearly visible. From the result,
we conclude that the formed CNTs were higher in yield
with highly dense helical structure.

HRTEM image of CNTs grown on CryNi ,:;Mg,c0
catalyst

The HRTEM image shows the typical morphology of the
CNTs synthesized from Crg4Ni 3Mgo¢O catalyst. The
Fig 5 (a) shows long uniform helically coiled carbon
nanotubes with uniform diameter. HRTEM image of the
CNTs in Fig. 5 (b) clearly confirms the formations of
double helical shaped CNTs. It shows that the
synthesized CNTs are double and triple helical and are
twisted at right angles almost similar to the structure of a
DNA which is clearly seen in insert Figure 4b. The
HRTEM image (Figure 5 ¢ & d) shows the formation of
DWCNTs and TWCNTs which are free from defects and

540

amorphous carbon coating. The diameters of the coiled
nanotubes were in the range of 2-5 nm, roughly the
grain size of the catalyst nanoparticle. Moreover, the
walls of some tubes were so thick and the inner
diameters of those tubes were so small that the tubular
structure sometimes cannot be observed clearly.

Raman Spectroscopy

Raman spectroscopy was employed to characterize the
crystalline nature of the synthesized CNTs which is
shown in Fig. 6. From the RBM signal (134, 150, 164,
180 and 259 cm™ which is shown as insert Fig.6), the
diameter of CNTs was estimated to be typically 0.90-
1.74 nm. Here the following correlation [10] between
diameter ‘d (nm) and Raman shift ‘A’ (cm-1), d = 234/A
was used to calculate the diameter of the CNTs. The
detected signal may correspond to the inner tube
diameter of DWCNTs and TWCNTs samples since
some TWCNTs have tube diameter around 2 nm which
is clearly observed in HRTEM observation. The distance
between graphite layers, which provides evidence that
the sample is DWCNTs according to the related
previous report.12 Raman spectra shows peak at 1592
cm™’ corresponding to graphite band (G-band), which
was produced from the high degree of symmetry and
order of carbon materials. The G-band was generally
used to identify well-ordered graphitic nature of CNTs.
The peak at 1359 cm™' corresponds to the disorder-
induced phonon mode (D-band), which was caused
from the disordered components. The 1359 cm™" signal
might have come from a symmetry- lowering effect,
which had resulted due to the presence of nanoparticles
and bending nature of CNTs due to the helical coil
formation. "'

Thermogravimetric Analysis

Fig. 7 show the thermogravimetric analysis (TGA) for
the CNTs. It is observed that the weight of DWCNTs
and TWCNTs shows a slight increase at around 250 °C
due to the oxidation of Cr and Ni catalyst. In the
temperature range of 400—-450 °C, amorphous carbon is
considered to be burned since the weight has
decreased slowly from the highest point. A sharp decline
in the weight is observed for both DWCNTs and
TWCNTs at 550-800 °C, demonstrating that nanotubes
begin to react with O,. The finish point for weight
decrease is observed at 800 °C, indicating that both
kinds of CNTs have the perfect graphitic wall
structures.'®®
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Figure 1
Influence of temperature for carbon
yield using Cry 4 Ni o 3Mg, O catalyst
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Figure 2
Influence of C,H, flow rate for carbon
yield using Cry (Niyp3Mg, ¢O catalyst
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Figure 3
XRD of purified CNTs

Figure 4
SEM images of CNTs synthesized
by Cro_1Ni 0_3Mgo_50 catalyst

Figure 5
TEM image of helical DWCNTs and TWCNTs
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Figure 6
Raman Spectrum of CNTs
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Figure 7
TGA of CNTs

CONCLUSION

In conclusion, high quality DIWVCNTs and TWCNTs were
successfully synthesised using Crq 1Ni g3Mgg O catalyst.
The structure and morphology were confirmed by XRD,
SEM, HRTEM, Raman spectroscopy and TGA. The
diameters of DWCNTs and TWCNTSs were distributed in
the range of 0.90 — 1.74 nm, which were well coincided
with the tube diameter value obtained by HRTEM
observation. This simplest technique opens up the
possibility of the cost effective method which attributed
to synthesize well graphitized DWCNTs and TWCNTSs at
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