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ABSTRACT 

Multiwall carbon nanotubes (MWCNT) are synthesised by cost effective method of pyrolysing xylene (as hydrocarbon, 
precursor) in the presence of ferrocene (as catalyst) at 750

o
C. The so obtained MWCNTs has a length ranging from 90 µm to 

300 µm and diameter ranging from 20 nm to 200 nm depending on the amount of ferrocene added to the xylene for the 
synthesis. The diameter of the MWCNT’s increased with the increase in ferrocene content in the precursor solution. Bigger 
agglomerates of iron particle lead to the growth of larger diameter MWCNTs. These MWCNTs with higher concentration of 
iron nanoparticles in it are useful for catalytic applications. X-ray diffraction (XRD) of the as-synthesised MWCNTs showed a 
graphitic-like peak (002). Field emission scanning electron microscope (FESEM) is utilized for its morphological analysis, 
Raman analysis showed the presence of D band (  1350 cm

-1
) and G band ( 1580 cm

-1
) indicating high crystalline graphitic 

layers.  Fourier transform infrared (FTIR) studies in the transmission mode were carried out in the range 400 - 4000 cm
-1

 (peaks 
at 1386, 1639, 2363, 3434, 3747 cm

-1
 etc.) for bond stretching analysis. All the characterization processes were carried out 

before and after purification process. The MWCNT’s diameter and their distribution are studied with the help of ImageJ 
software using the FESEM micrographs. Copyright © 2014 VBRI press. 
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Introduction  

Ever since Iijima [1] discovered carbon nanotubes (CNT), 
there has been a tremendous development in the field of 
carbon nano world. Carbon nanotubes represent one of the 
most exciting research areas in the nanoscience and 
technology. These carbon nanostructures are stiffest and 
strongest fibers ever known with remarkable electronic, 
mechanical properties with potential applications in 
medicine, sensing devices and a host of other interesting 
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fields. The interesting characteristics arise due to the 
structure and the diameter of these carbon nanotubes. 

MWCNTs are synthesised by various methods like by 
arc discharge, laser ablation, electrolysis, sonochemical or 
hydrothermal, chemical vapour deposition (CVD) methods 
and there are many more variants available in CVD like hot 
filament, water assisted, oxygen assisted, microwave 
plasma, radio frequency, thermal and plasma enhanced 

CVD to list a few [2-4]. With turpentine oil and ferrocene, 
vertically aligned N doped CNTs were synthesised by spray 

pyrolysis [5], with CCVD, MWCNTs were synthesised 

using Fe-supported NaX zeolite as the catalyst [6]. Thermal 
and electrochemical studies were done on vertically aligned 

CNTs grown by pyrolysis of camphor/ferrocene [7]. 
Vertically aligned CNTs composites were fabricated for 

membrane application using CVD [8]. The effect of 
temperature and catalyst concentration was studied on the 

growth of aligned CNTs [9]. Influence of 
ferrocene/benzene mole ratio on the carbon nanostructures 

grown by floating catalyst method has been reported [10]. 
Long and highly aligned CNTs were successfully grown by 

pyrolysis of ferrocene and acetylene [11]. MWCNTs 
growth is modelled using classical thermodynamics to 
explain the total carbon deposition as a function of time and 

temperature [12]. The effect of catalyst to carbon source 
ratio has been found to control the growth of vertically 

aligned CNTs on porous silicon templates [13]. Study of 
diameter and morphological dependence on experimental 
conditions during the growth of CNT arrays by spray 

pyrolysis has also been reported [14]. The different aspects 
like catalyst concentration, its effect on morphology, 
residual catalyst content, diameter distribution, defect 
density and oxidation resistance of MWCNTs by aerosol-
assisted chemical vapour deposition has been studied for 

different hydrocarbons [15]. In this paper we report on the 
effect of catalyst concentration on the growth of MWCNTs 
by a simple method of single step pyrolysis process without 
using any carrier gas. 
 

Experimental 

Materials  

All chemicals were bought with 99.9 percent purity 
(ferrocene from spectrochem Pvt., Ltd., Mumbai, xylene 
(sulphur free), HCl, HNO3, H2SO4 from SD Fine-Chem 
Ltd., Mumbai) and used without any further purification. 
All the aqueous solutions were prepared with deionised 
water (Millipore), whose resistance is greater than 18 MΩ. 

Synthesis of MWCNTs 

Single step pyrolysis technique is employed for MWCNT 

synthesis [16]. This setup consists of a single stage tubular 
furnace unlike the double hot zone as in regular CVD and 

other methods [17-19]. The schematic diagram of the 

tubular furnace is shown in Fig. 1. The detailed 
experimental procedure of single stage furnace pyrolysis 

setup has been described elsewhere [20]. In brief, a mixture 
of ferrocene (as catalyst) and xylene (as hydrocarbon 
source) with certain catalyst to source ratio is taken in a 
quartz tube of length 70 cm and of inner diameter 1.2 cm 

whose one end is closed and the other open end is 
connected to a rubber bladder for the collection of reacted 
gases.   

 

Fig. 1. Schematic diagram of single step pyrolysis unit. 

 
 The closed end of the quartz tube containing the catalyst 
and the precursor mixture is placed in a tubular furnace as 

shown in Fig. 1 and heated up to 750 
o
C for 1.5 hours at a 

heating rate 20 
o
C per minute and then allowed to cool 

down to  room temperature. At room temperature, the 
rubber bladder is removed from the quartz tube under the 
safety hood and the thick black MWCNTs deposited on the 

inner walls of the reactor quartz tube is taken out from the 
mid zone of the deposited area of the quartz tube . This 
experimental procedure is repeated for different 
concentration of ferrocene to xylene ratio. In this method 
neither carrier gas nor any substrates of pre-coated metal 
catalyst were employed for the synthesis of MWCNTs. 
 
Purification of MWCNTs 

The as-synthesised MWCNTs consists of metal particles 
(like Fe, Ni etc) as the catalyst residue depending on the 
type of catalyst used in the synthesis and carbonaceous 
impurities like amorphous carbon, fullerenes and carbon 
nanoparticles (CNP) will also be present. Hence 

purification of MWCNTs is very essential for wide range 
of potential applications. Various purification methods like 
chemical oxidation (gas phase oxidation, liquid phase 
oxidation, electrochemical oxidation) physical purification 
like filtration, centrifugation,  solubilisation with functional 
groups, high temperature annealing, multi-step purification 
like HIDE-assisted multistep purification, microfiltration in 
combination with oxidation, sonication in combination with 
oxidation are available. Among these purifications, it has 
been claimed that air oxidation is quite superior to liquid-

phase oxidative treatment [21]. Hence the as-synthesised 
MWCNTs were heated for 2 hours at 400 

o
C by keeping it 

in a quartz boat at ambient atmosphere using the tubular 
furnace. Before and after the air oxidation process the mass 
of the as-synthesised MWCNTs is measured. Usually the 
reduction in the mass of as-synthesised MWCNTs is 
observed, and is accounted for oxidation of the amorphous 
carbon to carbondioxide. The air oxidation of MWCNTs 
has its own limitations and metal particles (iron) originating 
from the catalyst cannot be removed directly; hence acid 
treatment is very essential. The usually used oxidants in 
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liquid phase oxidation are HNO3 [22-24], H2O2 or a 

mixture of H2O2 & HCl [25-27], a mixture of H2SO4 and 

HCl, a mixture of H2SO4, HNO3, KMnO4 and NaOH [28-

31]. In the present work, the air oxidised MWCNTs were 
treated with HCl of different molarity depending on the 
ferrocene to xylene ratio, higher the ratio, higher is the 
molarity of the HCl used to eliminate the iron particles 

originating from ferrocene.  
 
Characterization 

The crystalline phase of the as-synthesised MWCNTs was 
determined by X-ray powder diffraction (Bruker D8 
Advanced Spectrometer) by using Cu Kα radiation. The 
morphological analysis was done by field emission 
scanning electron microscope (FESEM; QUANTA 250). 
Raman analysis (Horiba Jobin-LabRam-HR UV 
spectrometer) at ambient temperature with Argon laser as 
an excitation wavelength 514 nm was carried out for the 
crystallinity of MWCNTs as well as for identifying D band 
and G band and FT-IR (Bruker Tensor 27; OPUS 6.5) for 
functional group attachment and bond stretching analysis. 
The samples were prepared by grinding a little quantity of 
MWCNTs with KBr powder and pressing it to make a 
pellet. EDAX (Bruker) is also recorded to determine the 
chemical composition of the MWCNTs. The MWCNT’s 
diameter and its distribution is studied using ImageJ 
software with the help of 2-dimensional SEM micrographs. 

 

Results and discussion 

Fig. 2 shows the XRD pattern of the purified MWCNTs. It 
is in accordance with JCPDS file no.75-1621. The major 
peak at about 2θ≈26

o
 corresponds to (002) plane, also 

peaks corresponding to C(102) and C(004) confirms the 
synthesised material to be pure carbon with hexagonal 
structure. Peaks corresponding to oxides of iron were also 
found which could be attributed to the presence of iron in 
the catalyst.  

 

Fig. 2. XRD pattern of purified MWCNTs grown at (a) 20mg/ml; (b) 

30mg/ml; (c) 40mg/ml; (d) 50mg/ml; (e) 60mg/ml (f) 70mg/ml. (* 

indicates the iron oxide peaks). 

Fig. 3 illustrates the field emission scanning electron 
micrographs (FESEM) of the purified MWCNTs 
synthesized at different ferrocene to xylene ratios. From the 
SEM micrographs we see that the external diameter of the 
MWCNTs is about 20 nm to 200 nm and its length is about 
5 to 15 µm. The external diameter of the MWCNTs 
increases as the ferrocene to xylene ratio is increased. As 
the ferrocene content is increased in the precursor solution 
the agglomeration of iron particles leads the growth of the 
bigger diameter MWCNTs, bigger the agglomerate, larger 
will be the external diameter of MWCNT. This is very 
much evident from the micrographs. 

 

 
 

Fig. 3. Scanning electron microscope images of  purified MWCNTs 
grown at (a) 20mg/ml; (b) 30mg/ml; (c) 40mg/ml; (d) 50mg/ml; (e) 
60mg/ml; (f) 70mg/ml. 

 

Fig. 4 shows the Raman spectra of the purified MWCNTs. 
Due to the presence of disordered amorphous carbon and 
double resonance effects in sp

2
 carbon we see the D band at 

about 1350 cm
-1

 [32]. This band is not due to defects but 

due to the amorphous carbon in the tube walls [33, 34]. 
Also, due to the tangential vibrations of the graphitic 
carbon atoms we see the G band, at about 1580 cm

-1
. A 

single peak at about 1580 cm
-1

 is graphitic in nature [35]. 
The 2D band, at about 2700 cm

-1
, is due to two-phonon 

scattering around the K point of the Brillouin zone.  The 
intensity of this peak depends strongly on the metallicity of 

the nanotube [32]. The ratio of intensities of D band and G 
band (ID/IG) is a measure of the extent of defects or 

functional groups present on the MWCNTs. Fig. 5 gives 
the FT-IR spectra of the purified MWCNTs in the 
transmission mode in the range 400 to 4000 cm

-1
. We find 

that the prominent peaks at 1328, 1387 (C=O), 1462 
(CNT), 1638(C=C), 2362 (C-O), 2928(C-Hx), and 3434   (-
OH) are noticed. Peak at 1462 cm

-1
 is attributed to 

MWCNT vibrational modes [32]. The peak at 2362 cm
-1 

corresponds to C-O bonds and the peaks between 2851-
2925 cm

-1
 are consistent  with C-Hx stretching vibrations of 

chemisorbed hydrogen of several types present in all 

MWCNTs [36]. Fig. 6 (a, b, c, d, e and f) depicts the 
histogram of the frequency of the occurrence with respect 
to the external diameter of MWCNTs. Using the ImageJ 
software the external diameter of the MWCNTs was 
measured using the 2-D SEM images and it is observed that 
as ferrocene to xylene ratio increases, the external diameter 
of MWCNTs also increases. 
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Fig. 4. Raman Spectra of purified MWCNTs grown using single step 
pyrolysis technique. 
 

        

 
 

Fig. 5. FT-IR Transmission spectra of purified MWCNTs grown at (a) 
20mg/ml; (b) 30mg/ml; (c) 40mg/ml; (d) 50mg/ml; (e) 60mg/ml; (f) 
70mg/ml.  

 

 
 

Fig. 6 (a). Histogram of MWCNTs external diameter against the 
frequency of occurrence of MWCNTs prepared at 20mg/ml (ferrocene to 
xylene ratio). 

  

Fig.6b. Histogram of MWCNTs external diameter against the frequency 

of occurrence of MWCNTs prepared at 30mg/ml (ferrocene to xylene 
ratio). 

 

 

Fig.6 (c). Histogram of MWCNTs external diameter against the frequency 
of occurrence of MWCNTs prepared at 40mg/ml (ferrocene to xylene 
ratio). 

 

 
 

Fig.6 (d). Histogram of MWCNTs external diameter against the 
frequency of occurrence of MWCNTs prepared at 50mg/ml (ferrocene to 

xylene ratio). 
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Fig. 6 (e). Histogram of MWCNTs external diameter  against the 

frequency of occurrence of MWCNTs prepared  at 60mg/ml (ferrocene to 
xylene ratio). 
 

 

 
Fig. 6 (f).  Histogram of MWCNTs external diameter against the 
frequency of occurrence of MWCNTs prepared at 70mg/ml (ferrocene to 
xylene ratio). 

 

Conclusion 

With the simple single step pyrolysis method MWCNTs 
were synthesised. These MWCNTs were characterised with 
XRD, FT-IR, Raman spectroscopy, FE-SEM. By measuring 
the external diameter of the MWCNTs from SEM images 
we found that the external diameter of the MWCNTs 
increases with the increase in the ferrocene content in the 
precursor solution. The agglomerated iron particles leads 
the growth of the bigger diameter MWCNTs, bigger the 
agglomerate, larger will be the external diameter of 
MWCNT. The higher concentrations of iron nanoparticles 
inside the MWCNTs can be useful for catalytic applications 
where these MWCNTs serve as scaffolds for iron 
nanoparticles as catalyst. Further optimization of other 
parameters is underway to speculate the maximum 
ferrocene content in the precursor solutions for the better 
growth of larger diameter MWCNTs. 
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