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ABSTRACT:   
 

 In different fields like semiconductors, field emission, conductive plastics, energy storage, conductive adhesives 
and connectors, molecular electronics, thermal materials carbon nanotubes are applicable. Carbon nanotubes are 
generally produced by three main techniques: arc discharge, laser ablation, chemical vapour deposition. In arc 
discharge, a vapour is created by an arc discharge between two carbon electrodes with or without catalyst. 
Nanotubes self-assemble from the resulting carbon vapour. In the laser ablation technique, a high-power laser beam 
impinges on a volume of carbon –containing feedstock gas (methane or carbon monoxide). At the moment, laser 
ablation produces a small amount of clean nanotubes, whereas arc discharge methods generally produce large 
quantities of impure material. In general, chemical vapour deposition (CVD) results in Multi Walled Nanotubes or 
poor quality Single Walled Nanotubes. The SWNTs produced with CVD have a large diameter range, which can be 
poorly controlled. But on the other hand, this method is very easy to scale up, what favours commercial production. 
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[I] INTRODUCTION  
1.1 Carbon Nanotubes 
 

Carbon nanotubes are applicable in the field of 
nanotechnology, having simple in chemical 
composition but have particularly various 
applications. Carbon nanotube which is nothing 
but a fullerene related arrangement. It consists of 
a graphite layer rolled into a cylinder and closed 
at the either ends.It is fullerene related 
arrangement consist of graphite layers rolled into 
cylinders closed at either ends with caps. 
1.2 Classification of Carbon Nanotubes 
1.2.1 Single Walled Nanotubes 
Most single-walled nanotubes (SWNT) have a 
diameter of close to 1 nanometer, with a tube 
length that can be many millions of times longer. 
The structure of a SWNT can be conceptualised  
 
 

 
by wrapping a one-atom-thick layer of graphite 
called graphene into a seamless cylinder. SWNTs 
are an important variety of carbon nanotube. 
Single-walled nanotubes are likely candidates for 
miniaturising electronics.  
1.2.2 Multi Walled Nanotubes 
Multi-walled nanotubes (MWNT) consist of 
multiple rolled layers (concentric tubes) of 
graphene. Its individual shells can be described as 
SWNTs, which can be metallic or 
semiconducting. Because of statistical probability 
and restrictions on the relative diameters of the 
individual tubes, one of the shells, and thus the 
whole MWNT, is usually a zero-gap metal. 
Double-walled carbon nanotubes (DWNT) form a 
special class of nanotubes because their 
morphology and properties are similar to those of 
SWNT but their resistance to chemicals is 
significantly improved. 
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1.3 Growth Mechanism 
The growth mechanism is a subject of 
controversy, and more than one mechanism might 
be operative during the formation of CNTs. 
These mechanisms consists  of three steps. First a 
precursor to the formation of nanotubes and 
fullerenes, C2, is formed on the surface of the 
metal catalyst particle. From this metastable 
carbide particle, a rod-like carbon is formed 
rapidly. Secondly there is a slow graphitisation of 
its wall. Postulates that metal catalyst particles 
are floating or are supported on graphite or 
another substrate [1].  
 [II] MATERIALS AND METHODS  
2.1 Arc Discharge 
The carbon arc discharge method, initially used 
for producing fullerenes, is the most common and 
perhaps easiest way to produce carbon nanotubes 
as it is rather simple to undertake. Recent 
investigations have shown that it is also possible 
to create nanotubes with the arc method in liquid 
nitrogen[2].The discharge vaporizes one of the 
carbon rods and forms a small rod shaped deposit 
on the other rod. Producing nanotubes in high 
yield depends on the uniformity of the plasma arc 
and the temperature of the deposit form on the 
carbon electrode [3]. 
These properties affect the speed with which the 
carbon and catalyst molecules diffuse and cool, 
affecting nanotube diameter in the arc process. 
This implies that single-layer tubules nucleate 
and grow on metal particles in different sizes 
depending on the quenching rate in the plasma 
and it suggests that temperature and carbon and 
metal catalyst densities affect the diameter 
distribution of nanotubes[3]. 
2.1.1 Synthesis of SWNT 
If SWNTs are preferable, the anode has to be 
doped with metal catalyst, such as Fe, Co, Ni, Y 
or Mo. A lot of elements and mixtures of 
elements have been tested by various scientists[4] 
and it is noted that the results vary a lot, even 
though they use the same elements. This is not 
surprising as experimental conditions differ.  

2.1.1.1 Inert Gas 
The most common problems with SWNT 
synthesis are that the product contains a lot of 
metal catalyst, SWNTs have defects and 
purification is hard to perform. On the other 
hand, an advantage is that the diameter can 
slightly be controlled by changing thermal 
transfer and diffusion, and hence condensation of 
atomic carbon and metals between the plasma 
and the vicinity of the cathode can control 
nanotube diameter in the arc process. This was 
shown in an experiment in which different 
mixtures of inert gases were used. 
2.1.1.2 Optical Plasma Control 
A second way of control is plasma control by 
changing the anode to cathode distance (ACD). 
The ACD is adjusted in order to obtain strong 
visible vortices around the cathode. This 
enhances anode vaporisation, which improves 
nanotubes formation. Combined with controlling 
the argon-helium mixture, one can 
simultaneously control the macroscopic and 
microscopic parameters of the nanotubes formed 
[5]. 
2.1.1.3 Catalyst 
Knowing that chemical vapour deposition (CVD) 
could give SWNTs with a diameter of 0.6-1.2 
nm, researchers tried the same catalyst as used in 
CVD on arc discharge. Not all of the catalysts 
used appeared to result in nanotubes for both 
methods. But there seemed to be a correlation of 
diameter of SWNTs synthesized by CVD and arc 
discharge [4-6]. 
2.1.1.4 Improvement of Oxidation Resistance 
A strong oxidation resistance is needed for the 
nanotubes if they have to be used for applications 
such as field emission displays. Recent research 
has indicated that a modified arc-discharge 
method using a bowl-like cathode (see Figure 4), 
decreases the defects and gives cleaner 
nanotubes, and thus improves the oxidation 
resistance [7].  
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Fig. 1: Schematic drawings of the electrode set-ups for 
(a) The conventional and (b) The new arc discharge 
electrodes. 
The Raman spectrum of the newly synthesised 
nanotubes shows that the nanotubes formed are 
cleaner and less defective compared with those 
synthesised by conventional methods.  
2.1.1.5 Open Air Synthesis with Welding Arc 
Torch 
Only a couple of years ago, researchers 
discovered that it was possible to form MWNTs 
in open air[8]. A welding arc torch was operated 
in open air and the process was shielded with an 
argon gas flow.  

 
Fig. 2: Experimental set-up of the torch arc method in 
open air. 
 

This method was modified for preparing 
SWNTs[9]. The torch arc aimed at the edge of 
the target and the soot was deposited on the 
substrate behind the target . There are two 
reasons for this fact. At first, because of the open 
air, the lighter soot will escape into the 
atmosphere. Secondly, the carbon vapour might 
be oxidised and emitted as carbon dioxide 
gas.[9]. 
2.1.2 Synthesis of MWNT 
Both the electrodes are graphite, the main product 
will be MWNTs. But next to MWNTs a lot of 
side products are formed such as amorphous 

carbon, and some graphite sheets. Purifying the 
MWNTs means loss of structure and disorders 
the walls.  
2.1.2.1 Synthesis in Liquid Nitrogen 
A first, possibly economical route to highly 
crystalline MWNTs is the arc-discharge method 
in liquid nitrogen[2], with this route mass 
production is also possible.  

 
Fig. 3: Schematic drawings of the arc discharge 
apparatus in liquid nitrogen. 
 

The content of the MWNTs can be as high as 70 
% of the reaction product. Analysis with Auger-
spectroscopy revealed that no nitrogen was 
incorporated in the MWNTs. 2.1.2.2 Magnetic 
Field Synthesis 
Synthesis of MWNTs in a magnetic field[10] 
gives defect-free and high purity MWNTs that 
can be applied as Nano sized electric wires for 
device fabrication. In this case, the arc discharge 
synthesis was controlled by a magnetic field 
around the arc plasma. 

 
Fig. 4: Schematic diagram of the synthesis system for 
MWNTs in a magnetic field. 
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Pure graphite rods were used as electrodes. 
Highly pure MWNTs were obtained without 
further purification. 
 

 
Fig. 5: SEM images of MWNTs synthesised (a) with 
and (b) without the magnetic field. 

 

2.1.2.3 Plasma Rotating Arc Discharge  
A second probably economical route to mass 
production of MWNTs is synthesis by plasma 
rotating arc discharge technique[11]. The 
centrifugal force caused by the rotation generates 
turbulence and accelerates the carbon vapour 
perpendicular to the anode. In addition, the 
rotation distributes the micro discharges 
uniformly and generates stable plasma.. 

 
Fig. 6: Schematic diagram of plasma rotating electrode 
system. 
2.2 Arc Discharge 
Smalley's group[12] at Rice University reported 
the synthesis of carbon nanotubes by laser 
vaporisation. A pulsed [13-14] or continuous[15-
16] laser is used to vaporise a graphite target in 

an oven at 1200 °C. The particles become that 
much coated with a carbon layer that they cannot 
absorb more and the nanotube stops growing. The 
SWNTs formed in this case are bundled together 
by van der Waals forces [18]. 
Subsequent laser pulses excite fullerenes to emit 
C2 that adsorbs on catalyst particles and feeds 
SWNT growth. However, there is insufficient 
evidence to conclude this with certainty[18]. 
2.2.1 SWNT versus MWNT 
The condensates obtained by laser ablation are 
contaminated with carbon nanotubes and carbon 
nanoparticles. In the case of pure graphite 
electrodes, MWNTs would be synthesized, but 
uniform SWNTs could be synthesized if a 
mixture of graphite with Co, Ni, Fe or Y was 
used instead of pure graphite. [15][18].  
2.2.2 Ultra Fast Pulses from a Free Electron 
Laser (FEL) Method 
Usually the pulses in an Nd:YAG system have 
width of approximately 10 ns, in this FEL system 
the pulse width is ~ 400 fs. The repetition rate of 
the pulse is enormously increased from 10 Hz to 
75 MHz. The intensity of the laser bundle behind 
the lens reaches ~5 x 1011 W/cm2, which is about 
1000 times greater than in Nd:YAG systems[14]. 
2.2.3 Continuous Wave Laser-Powder Method 
This method is a novel incessant, very productive 
laser-powder method of SWNT synthesis based 
on the laser ablation of uniform graphite and 
metallic catalyst. The introduction of micron-size 
particle powders, thermal conductivity losses are 
significantly decreased compared with laser 
heating of the bulk solid targets in known laser 
techniques. As a result, more effective utilization 
of the absorbed laser power for material 
evaporation was achieved [16]. 
2.3 Chemical Vapour Deposition 
Chemical vapour deposition (CVD) synthesis is 
achieved by putting a carbon source in the gas 
phase and using an energy source such as a 
plasma to transfer energy to a gaseous carbon 
molecule. Carbon nanotubes will be formed if the 
proper parameters are maintained. Excellent 
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alignment [19], as well as positional control on 
nanometer scale[20], can be achieved by using 
CVD. Control over the diameter, as well as the 
growth rate of the nanotubes can also be 
maintained. The appropriate metal catalyst can 
preferentially grow single rather than multi-
walled nanotubes[1]. 
The catalyst is normally arranged by sputtering a 
transition metal onto a substrate and then using 
either chemical etching or thermal annealing to 
induce catalyst particle nucleation. Thermal 
annealing results in cluster formation on the 
substrate, from which the nanotubes will grow. 
Ammonia may be used as the etchant[19-22].  
2.3.1 Plasma Enhanced Chemical Vapour 
Deposition 
The plasma enhanced CVD method generates a 
glow discharge in a chamber or a reaction furnace 
by a high frequency voltage applied to both 
electrodes. Figure 14 shows a schematic diagram 
of a typical plasma CVD apparatus with a parallel 
plate electrode structure.  

 
Fig.7: Schematic diagram of plasma CVD apparatus. 

 

A substrate is placed on the grounded electrode. 
A carbon containing reaction gas, such as C2H2, 
CH4, C2H4, C2H6, CO is supplied to the chamber 
during the discharge [23]. 
The catalyst has a strong effect on the nanotube 
diameter, growth rate, wall thickness, 
morphology and microstructure. Ni seems to be 
the most suitable pure-metal catalyst for the 
growth of aligned multi-walled carbon nanotubes 
(MWNTs)[24].  

2.3.2 Thermal Chemical Vapour Deposition 
Figure 15 shows a schematic diagram of thermal 
CVD apparatus in the synthesis of carbon 
nanotubes.  
When growing carbon nanotubes on a Fe 
catalytic film by thermal CVD, the diameter 
range of the carbon nanotubes depends on the 
thickness of the catalytic film.The carbon 
nanotubes formed are multiwalled[25]. 
2.3.3 Alcohol Catalytic Chemical Vapour 
Deposition 
Alcohol catalytic CVD (ACCVD) is a technique 
that is being intensively developed for the 
possibility of large-scale production of high 
quality single wall nanotubes SWNTs at low cost. 
In this technique, evaporated alcohols, methanol 
and ethanol, are being utilised over iron and 
cobalt catalytic metal particles supported with 
zeolite. The diameter of the SWNTs is about 1 
nm. Figure 16 shows the ACCVD experimental 
apparatus. 

  

 
Fig. 8: ACCVD experimental apparatus. 
 

The lower reaction temperature and the high-
purity features of this ACCVD technique 
guarantee an easy possibility to scale production 
up at low cost. [26]. 
2.3.4 Vapour Phase Growth 
Vapour phase growth is a synthesis method of 
carbon nanotubes, directly supplying reaction gas 
and catalytic metal in the chamber without a 
substrate[27]. 
Two furnaces are placed in the reaction chamber. 
Here, they are synthesised as carbon nanotubes. 



SYNTHESIS OF CARBON NANOTUBES 
 

Sandeep P Shewale, et al.                                                                                                                  246 
 

The diameter of the carbon nanotubes by using 
vapour phase growth are in the range of 2-4 nm 
for SWNTs[28] and between 70 and 100 nm for 
MWNTs[27]. 
2.3.5 Aero Gel-Supported Chemical Vapour 
Deposition 
In this method SWNTs are synthesised by 
disintegration of carbon monoxide on an aero gel-
supported Fe/Mo catalyst. Because of the high 
surface area, the porosity and ultra-light density 
of the aero gels, the productivity of the catalyst is 
much higher than in other methods[29].. The 
optimal reaction temperature is approximately 
860 oC[30]. 
2.3.6 Laser-Assisted Thermal Chemical 
Vapour Deposition 

 
Laser-assisted thermal CVD (LCVD) a medium 
power, continuous wave CO2 laser, which was 
perpendicularly directed onto a substrate, 
pyrolysis sensitised mixtures of Fe(CO)5 vapour 
and acetylene in a flow reactor. The carbon 
nanotubes are formed by the catalysing action of 
the very small iron particles. Figure 9 shows the 
experimental set-up for laser-assisted CVD[31]. 

 
Fig.9: Experimental set-up for laser-assisted CVD. 

By using a reactant gas mixture of iron penta-
carbonyl vapour, ethylene and acetylene both 
single and multi-walled carbon nanotubes are 
produced. [31]. 

2.4 Flame Synthesis 
This method is based on the synthesis of SWNTs 
in a controlled flame environment that produces 
the temperature, forms the carbon atoms from the 
inexpensive hydrocarbon fuels and forms small 
aerosol metal catalyst islands[35-37]. On these 
metal islands the SWNTs are grown in the same 
manner as in laser ablation and arc discharge. 
These metal catalyst islands can be made in three 
ways. The metal catalyst (cobalt) can either be 
coated on a mesh[35], on which metal islands 
resembling droplets were formed by physical 
vapour deposition. These small islands become 
aerosol after being exposed to a flame. The 
second way[37] is to create aerosol small metal 
particles by burning a filter paper that is rinsed 
with a metal-ion (e.g. iron nitrate) solution. The 
third way is the thermal evaporating technique in 
which metal powder (e.g. Fe or Ni) is inserted in 
a trough and heated[36]. 
In a controlled deposition. These small islands 
become aerosol after being exposed to a flame. 
The second way[37] is to create aerosol small 
metal particles by burning a filter paper that is 
rinsed with a metal-ion (e.g. iron nitrate) solution. 
The third way is the thermal evaporating 
technique in which metal powder (e.g. Fe or Ni) 
is inserted in a trough and heated[36]. On the 
small metal particles the SWNTs are than 
formed. As optimisation parameters the fuel gas 
composition, catalyst, catalyst carrier surface and 
temperature can be controlled [35]. 
 [III] CONCLUSION 
Lack of commercially feasible synthesis and 
purification methods is the main reason that 
Carbon Nanotubes are still not widely used 
nowadays. At the moment, nanotubes are too 
expensive and cannot be produced selectively. 
Some of the already known and upcoming 
techniques look promising for economically 
feasible production of purified Carbon 
Nanotubes. 
At this moment, Laser Ablation produces the 
cleanest material, but the costs are still rather 
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high. Arc Discharge can produce grams of low 
purity Nanotubes. The Chemical Vapour 
Deposition technique is still under development 
but preliminary results look promising, as do 
prospects of large scale Chemical Vapour 
Deposition. 
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