
ISSN 0976-5727 (Print) 
ISSN 2319-8133 (Online 

Journal of Pure Applied and Industrial Physics, Vol. 5(2), 67-72, February 2015              
(An International Research Journal), www.physics-journal.org                                                                                                                       
 
 

February, 2015 | Journal of Pure Applied and Industrial Physics | www.physics-journal.org 

Structural Study on Synthesis of Carbon Nanotubes Using                  
Caster Oil by the Vertical Spray Pyrolysis Method 

 
S. Sakthivel1 and V. Baskaran2  

 
1-2Thin film Physics and Nano Science Laboratory, 

PG and Research Department of Physics, 
Rajah Serfoji Govt., College (Autonomous),  

Thanjavur, Tamilnadu, INDIA. 
Sakthivel.sunmugam@yahoo.com;bass.physikz@yahoo.com. 

 
(Received on: November 22, 2014) 

 
ABSTRACT 

 
Carbon nanotubes can have different individual structures, morphologies 

and properties, as well as different collective arrangements and emerging properties, 
all of which are determined by the method of preparation and further processing. 
Hence, a wide variety of synthetic methods have been developed to produce the 
desired materials and properties for specific scientific studies or technological 
applications. Carbon nanotubes (CNTs) have been synthesized by ferrocene-
catalyzed pyrolysis of caster oil. The influences of the experimental conditions on 
the morphology and microstructure of the product have been analyzed. To find the 
proper temperature for synthesis of CNTs, the experiment was performed in a 
temperature range from 850°C. From content variation of ferrocene and thiophene 
as the catalyst, morphological change of carbon nanotubes has been observed. Also, 
the nanotube sample was analyzed by scanning electron microscopy and Fourier 
Transform Infra Red spectroscopy. 
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1. INTRODUCTION 
 

Materials with novel properties have become integral in modern society.  Without 
these materials many forms of technology, from computers to modern traffic lights, would be 
impossible.  As such there is a continuous search for new materials with novel properties that 
can improve modern technology.  Carbon nanotubes (CNTs) are one of the candidate 
materials for such improvements. Since their discovery by Iijima in 1991 (Iijima, 1991), 
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carbon nanotubes (CNTs) have attracted considerable attention as a family of novel 
electronic and electrochemical materials. CNTs can be viewed as a graphene sheet rolled up 
into a nanoscale tube form to produce the so-called single-wall carbon nanotubes (SWNTs). 
There may be additional graphene tubes around the core of a SWNT to form multi-wall 
carbon nanotubes (MWNTs)1, including double wall carbon nanotubes (DWNTs) (Harris, 
1999)2. These elongated nanotubes usually have a diameter in the range from a few 
angstroms to tens of nanometers and a length of several micrometers up to centimeters 
(allowing the fabrication of mesoporous electrodes) with both ends of the tubes normally 
capped by fullerene-like structures containing pentagons. Morphologically, CNTs can be 
realized in randomly entangled and in highly aligned forms. Depending on their diameter and 
helicity of the arrangement of carbon atoms in the walls, CNTs can exhibit semiconducting 
or metallic behavior (Dai, 2006; Harris, 1999), with an electrical conductivity as high as 
5000 S/cm (Dresselhaus, 1996)3. CNTs also possess a high thermal conductivity (6000 
W/mK), high thermal stability (stableup to 2800 ºC in vacuum), and good mechanical 
properties (tensile strength 45 billion pascals) (Collins & Avouris, 2000)4. SWNTs have a 
high theoretical specific surface area of 1315 m2/g, while that of MWNTs would be lower 
and is determined by the diameter of the tubes and the number of the graphene walls 
(Peigney et al., 2001)5. A reasonably high surface area (~ 400 m2/g) has been obtained for a 
CNT “paper” electrode (Niu et al., 1997)6.  

The objective of this study was to synthesize a large quantity of carbon nanotubes by 
an improved floating catalyst method. In this work, the influence of a carbon containing 
additive (Caster oil- Ferrocene) on the growth of carbon nanotubes was investigated using 
vertical spray pyrolysis method and purified by wet chemical method. 
 

2.  EXPERIMENTAL 
 

2.1. Carbon nanotubes (CNTs) synthesized via spray pyrolysis method using Caster oil  
       and Ferrocene 

 

Synthesis of CNTs was carried out using spray pyrolysis method. We used ferrocene 
(C10H10Fe) as a source of iron (Fe) which acts as a catalyst for the growth of CNTs. Castor 
oil was used as the carbon source. Castor oil contains carbon, hydrogen and lower amount of 
oxygen. The spray pyrolysis setup consisted of a nozzle (inner diameter ~ 0⋅5 mm) attached 
to a ferrocene-castor oil supply used for releasing the solution into a quartz tube (700 mm 
long and inner diameter 25 mm), which was mounted inside a reaction furnace (300 mm 
long) (Srivastava et al. 2004). The precursor solution i.e. ferrocene with castor oil 
(concentration ~ 25 mg/ml) was sprayed through the nozzle into the pre-heated (850°C) 
quartz tube, using Ar as carrier gas. The optimum flow rate of Ar was ~ 100 sccm (standard 
cubic centimeter per minute). The precursor solution was sprayed for 15 min at a constant 
flow rate of ~ 0⋅5 ml/min. For this solution, the optimum ferrocene concentration was 20 
mg/ml. After deposition, the furnace was put off and allowed to cool down to room 
temperature under Ar gas flow. A black deposit was extracted from the reaction zone (center 
of the furnace) of quartz tube.  
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The collected CNTs are purified by using wet chemical method and morphology of 
CNT films were investigated by VEGA 3 scanning electron microscopy (SEM) operating at 
5 kV and other additional studies included the Fourier Transform Infrared   (FT-IR) spectral 
measurements that were carried out in a Bruker Analyser. 
 
2.2. Purification of CNT by wet chemical method 

 
The wet methods treat nanotubes in solution for purification purposes, and can be 

used alone or together with dry methods. Actually, most dry methods of purification are also 
followed by a step of acid treatment to dissolve metal catalyst and/or metal oxides formed 
during the gas-phase oxidation step. Use of nitric acid (HNO3) is the most common wet 
method for purification, as it is straightforward, inexpensive, and effective in removing metal 
catalysts and amorphous carbon from large quantities of raw material. In this work, they can 
be purified using nitric acid treatment7–14. In a typical run, raw SWNTs are refluxed in 2.6M 
HNO3 for 45 hrs. After repeated filtration steps and maybe also centrifugation steps, highly 
purified nanotubes can be obtained. This method is also widely adapted for the purification of 
nanotubes prepared by other methods with a small variation in acid concentrations. Wet 
purification methods can also be combined with dry oxidation methods15,16. 

 
3.  RESULTS AND DISCUSSION 
 
3.1. Surface morphology Analysis 
 

Spray pyrolysis of castor oil–ferrocene solution at ~850 °C in Ar atmosphere leads to 
a uniform thick black deposition on the inner wall of the quartz tube at the reaction hot zone                 
(~ 850 °C). Figure 4.1- 4.2 shows the SEM morphology of the as-grown CNTs. The length 
of CNTs is ~5–10 µm. MWNTs were present mainly in the form of agglomerates (figure 
4.1), and SEM image of MWNTs were uniformly distributed throughout the substrate.  

In Figure.1, the presence of long tubular structures that are considered to be either 
carbon nanofibres or carbon nanotubes, along with the presence of large chunks of coalesced 
material which can be considered to be amorphous carbon.  A very small amount of tubular 
structure was obtained when caster oil alone was sprayed into the furnace. This means that it 
is almost impossible to obtain carbon nanotubes without the use of a catalyst. The mass of 
carbon nanotubes formed increased with increasing catalyst (ferrocene) concentration, as can 
be seen by Figure.1, in which the experiments were conducted at 850 OC with the 
concentration of ferrocene being 50 and 25 mg/ml, respectively. With the increase in 
temperature from 800 0C to 850 0C, the total mass of as-received CNT from the template and 
furnace tube decreased. This is not in agreement with the thermodynamics of dissociation of 
caster-oil into carbon, which is an endothermic reaction. 
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Fig.1 (a, b): SEM image of MWCNT’s synthesized by spray pyrolysis using caster oil and ferrocene. 
 

Apparently, the dissociation reaction did not attain equilibrium in such a flow reactor 
system. However, the quality of carbon nanotubes was better with increasing temperature. 
There was hardly any size control since the nanotubes formed had a wide range of sizes in 
any of these experiments. These results indicate that the tube structures were fairly similar in 
the samples and that the structure of the MWCNTs was not damaged by the oxidation 
process. Purification done at 500 0C helped in burning off the amorphous carbon in air, 
rearrangement of bonds or ordering in the structure itself. This resulted to a change in the 
structure of the tubes from being sp2 hybridized to being sp3 hybridized. This observation 
suggests that the purified MWCNTs are more graphitized and contain fewer defects on them. 
The slight decrease in intensity of oxidized MWCNTs that indicates a small loss in graphitic 
is caused by the introduction of hydroxyl and carboxyl groups on the surface of MWCNTs. 
 As-prepared MWCNTs in fig.4.1 show that a lot of the tubes are filled with iron 
particles used as a catalyst during the synthesis procedure while the tubes in fig.4.2.  Show 
less filling of the iron particles. These results show that the purification was a success. 
Furthermore, the MWCNTs are clustered together and this was not revealed in the acid 
treated tubes. The acid treated MWCNTs show individual tubes that are shorter; this is due to 
the impact of solvation produced and also to the introduction of hydrophilic groups. 
 

3.2. Fourier Transform Infrared   (FT-IR) spectral Analysis 
 

The FT-IR spectrum of the purified MWCNTs in fig.2 reveals two peaks at 3399               
cm-1 and 1329cm-1  that are attributed to the presence of hydroxyl groups (-OH) that are on 
the surface of the MWCNTs. The two can either have resulted from oxidation that took place 
during the purification of the as- prepared MWCNTs or it can have resulted from 
atmospheric moisture that is present on the MWCNTs. FT-IR spectrum of the purified and 
oxidized MWCNTs reveal two peaks at 2732 cm-1 and 2642 cm-1 whereby the former 
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corresponds to the (C-H) stretching vibrations of the carboxylic groups (-COOH) 
respectively. A band centered at 1594 cm-1 may be due to (C=C) stretching vibrations. A 
band at 1097cm-1 is associated with (C-O) stretching vibrations. 
 

 
Fig.2: FT-IR spectrum of the MWCNT’s synthesized by spray pyrolysis using caster oil and Ferrocene. 

 

Another transmission peak is evident in fig.2 at 3398cm-1  and at 1413cm-1  that 
correspond to the hydroxyl bands (-OH). The first one is a broad peak that resulted due to the 
oxidation and the second peak indicates –OH bending deformation in –COOH. All the peaks 
mentioned above confirm that oxidation successfully took place on the surface of the 
MWCNTs and the formation of – OH and –COOH. So the IR study directly prove the 
presence of carboxylic acid groups in MWCNT which corroborate the SEM results about the 
cause of structural defects in MWCNT. In an earlier study, though the presence of surfacial 
carboxylic acid group was shown in CNT that remained insoluble in water. At this stage it 
may be stated that the incorporation of sufficient number of carboxylic acid groups per unit 
area in CNT may transform its hydrophobic property (insolubility in water) into hydrophilic 
nature resulting in its ready solubility in the form of MWCNT. The carboxylic acid groups 
may be present on the walls of the tubes and on the cap region of the tubes. 
 
4.  CONCLUSION 
 

Multi-walled CNTs were prepared in high yield by spray pyrolysis of                                
castor oil–ferrocene solution at 850°C under Ar atmosphere. The nanotubes were synthesized 
by modifying the castor oil–ferrocene precursor with ammonia at 850°C. The morphology of 
the as-grown CNTs has been verified by SEM and FT-IR. The advantage of the present 
synthesis technique is the simplicity and use of low cost and easily available precursors. 
CNT with defects contain trapped carbon radicals which have enormous stability. The 
discovery of magnetic carbon (present in SWCNT) in aqueous solution may open the door 
for future application as carbon-based spintronics. 
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