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Abstract - The discovery of carbon nanotubes (CNT) opened up a new era in materials science. These incredible structures 
have an array of fascinating electronic, magnetic and mechanical properties. They exhibit extraordinary strength and unique 
electrical properties, and are efficient conductors of heat.The diameter of these tubes are down to 0.4nm but while their 
growth in length can be upto more than thousand times of their diameters. Carbon nanotubes offer massive opportunities in 
the material world. In particular, the exceptional mechanical properties of carbon nanotubes, combined with their low 
density, offer scope for the development of nanotube reinforced composite materials. This paper provides the concise review 
of the synthesis, the properties and the current and potential application of carbon nanotubes with their extra ordinary 
properties in the field of engineering. 
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I. INTRODUCTION 
 
Carbon nanotubes was discovered bySumio Iijima in 
1991, which was the product of carbon-arc discharge 
method.In other words carbon nanotubes are the 
cylindrical carbon molecules with properties that 
make them potentially useful in extremely small scale 
electronic and mechanical applications. Carbon 
nanotubes consists rolled up hexagons that is 10,000 
times thinner than human hair. These tubes are six 
times lighter than the steels.Carbon nanotubes exhibit 
excellent electrical and mechanical properties,such as 
extremely high strength, stiffness and 
resilience.These points, together with other 
distinctive physical properties, result in many 
prospective applications, such as strong, light and 
high toughness fibers for Nano-composite structures, 
parts of Nano-devices, hydrogen storage (high 
frequency) micromechanical oscillators, etc.[1-2]. 
 
2.1 structure of carbon nanotubes 
Carbon nanotubes can be geometrically described as 
a seamless cylinder of a rolled graphene sheet (single-
walled nanotubes) or multiple nested cylinders 
consisting of rolled graphene sheets (multi-walled 
nanotubes) of varying shapes [3-4].An Ideal nanotube 
can be defined as a seamless cylinder of rolled up 
hexagonal networks of carbon atoms, which is capped 
with half a fullerene molecule at the end [5].The 
structure of Carbon nanotubes are consisting 
sp2hybridizedcarbon units and due to this. CNTs are 
the strongest and most flexible molecular material 
known having C–C covalent bonding. They present a 
seamless structure with hexagonal honeycomb 
lattices, being several Nano meters in diameter and 
many microns in length.  

 
a. (Carbon nanotube model) 

Fig 1 Schematic of carbon nanotube made from rolled 
graphene sheet. 

 
1.2 Types of carbon nanotubes 
There are many types of carbon nanotubes but mainly 
we have categorized it into two parts: 
 Single walled nanotubes 
 Multi walled nanotubes 
1.2.1 Single walled nanotube 
A single-walled carbon nanotube is just like a regular 
straw. It has only one layer, or wall. Basically most of 
the single- walled nanotube (SWNT) have radius of 
1nm and can be longer millions times of its diameter. 
The structure of SWNTs can be understand by 
wrapping a one thick layer of graphite into a seamless 
cylinder. Pair of indices(n,m) can be defined as the 
way of graphene sheet is wrapped. The integer n and 
m denote the number of unit vectors along two 
direction in the honeycomb crystal lattice of 
graphene. The diameter of SWNTs can be calculated 
from its (n,m) indices as follows: 
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d =
a
π√(n + nm + m ) 

        =78.3√((n + m) − nm)pm 
Where a =0.246nm 
 If m=0 then zig-zag nanotubes 
 If n=m then armchair nanotubes 
 Otherwise they will be chiral 

 
Fig2. Diagram of SWNTs in Cartesian system. 

 
d = a π ( n 2 + n m + m 2 ) = 78.3 ( ( n + m ) 2 − n m 

) p m , {\displaystyle d={\frac {a}{\pi }}{\sqrt 
{(n^{2}+nm+m^{2})}}=78.3{\sqrt {((n+m)^{2}-

nm)}}{\rm {pm,}}} 

 
a. zigzag(n,0) 

 
b. chiral(n,m) 

fig3. Types of SWNTs  (a,b,) 
 
1.2.2Multi walled nanotubes 
Multi-walled carbon nanotubes consists multiple 
rolled layer of graphene. They are a collection of 
nested tubes of continuously increasing diameters. 
MWNTS have diameter of 10nm and higher length. 
These types of nanotubes don’t have variety of their 
property but its useful because of its higher diameter 
.They can range from one outer and one inner tube (a 
double-walled nanotube) to as many as 100 tubes 
(walls) or more. Each tube is held at a certain 

distance from either of its neighboring tubes by 
interatomic forces. 

 
Fig 4 diagram of SWNTS & MWNTS 

 
II. SYNTHESIS OF CARBON NANOTUBES 
 
Carbon Arc discharge method is using for the 
synthesis of CNTs since the discovery of carbon 
nanotubes. Remarkable progress has been made in 
synthesis of CNTs. We have many methods to 
produce CNTs but mainly we prefer only three 
methods to produce CNTs that contains a reasonably 
high yield of nanotubes: 
1. Electric arc discharge method  
2. Laser ablation method 
3. Chemical vapour deposition(CVD) 
 
2.1 Electric arc discharge method 
The first identified multi walled carbon nanotubes 
were fabricated by a direct current EAD between 
carbon electrodes within a noble gas, like argon or 
helium. All the features of MWNTs were produced 
by Electric arc discharge method. This method is 
carried out at a low pressure as shown in figure 5(a). 
In this method two graphite rods are used and current 
is passed continuously between the electrodes. The 
anode is drilled and filled with catalyst. The metal 
oxides (Ni, Co, Fe) are used as catalyst. The synthesis 
is performed in cooled chamber in presence of 
helium, argon or methane environment. During the 
arcing, the catalyst/graphite anode is evaporated and 
consumed with simultaneous carbon deposition 
around the cathode. There are some major problems 
with this method i.e. the growth needs to be 
interrupted to remove the product from the chamber 
[6]. Mostly this method is find convient to produce 
CNTs fig 5 (b,c) 

 
Fig5(a) setup of arc method 
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Fig 5(b) Arc discharge and CNT 

formation and transport in the sheath. 

 
fig 5(c) Arc-discharge technique. 

 
Typically, about 60-70 wt% of the arc synthesised 
soot is CNT. The rest of the soot comprises of 
fullerenes, amorphous carbon and catalyst 
nanoparticles. 
 
2.2 Laser ablation method  
This is second largest method to produce carbon 
nanotubes which is very useful and efficient.This 
process is known to produce carbon 
nanotubes with the highest quality and high purity of 
single walls [7]. Laser ablation is the first method to 
produce fullerenes in clusters.  In this method under 
an inert atmosphere, a piece of 
graphite is vaporized by laser irradiation.  By this 
method two kind of CNTs can be produce: SWNTs 
and MWNTs. Moreover in this process we need we 
need gasification to purify and to eliminate 
carbonaceous material. The effect of this purification 
method depends upon the reactant we used. The first 
growth of high quality single wall nanotubes was 
achieved by Smalley and co-workers [8].  

Fig 6 Laser ablation process 
 
2.3 Chemical vapour deposition method  
This process is widely use for commercial fabrication 
of CNTs. By chemical vapour deposition method we 

can produce very high quality CNTs in large 
amounts. The process temperature can vary from 500-
13000c. The hydrocarbon precursor include CH4, 
C2H6, C2H2, alcohols etc. In CVD method there is 
initial disassociation of hydrocarbon followed by 
dissolution and saturation of C atoms in metal 
nanoparticles. Thereafter there is precipitation of 
carbon. Vapour grown CNTs use metal catalyst 
particles. Ni, Coand Fe catalyst are used for catalytic 
growth for CNTs. 
 

 
Fig 7 CVD process 

 
III. PROPERTIES OF CARBON NANOTUBES 
 
Carbon nanotubes has such as unique mechanical and 
electrical properties unlike another material: 
 
3.1 Mechanical properties  
As we know that carbon nanotubes have great 
mechanical properties which draws lots of attention 
of researchers towards it but due to the nanostructure 
of these tubes we used novel method to measure the 
mechanical properties of CNTs. The Young’s 
modulus of elasticity was estimated after measuring 
the thermal vibrations of nanotubes; a very high 
average value of 1.8 TPa was found[9]. Wong et 
al.[10]used a scanning force microscope to bend 
nanotubes that were mechanically fixed at one end. 
By measuring vibrations of nanotubes in an electrical 
field, Poncharal et al. [11] found a value below 1 
TPa. This is applicable for both SWNTs and MWNTs 
because modulus is determined by the c-c bond 
within the individual layers. Salvetat et al. [12]found 
that multi-walled nanotubes grown by the arc 
discharge method had a modulus of about 1 TPa, 
whereas those grown by the catalytic decomposition 
of hydrocarbons had a modulus that was smaller by 
one to two orders of magnitude. These results 
demonstrate that only highly ordered and well-
graphitised nanotubes have a stiffness comparable to 
graphite, whereas those grown by catalytic 
decomposition are weaker because of defects 
[12].Further insights into the mechanical properties of 
multi-walled nanotubes are reported in [13]. CNTs 
shows remarkable properties, when they are 
compressed. They bend over a large angles before 
they start to buckle and ripple. All the deformation in 
CNTs are elastic which will disappear after removing 
the external loads. The density of bundled nanotubes 
is 1.33–1.40 g/cm3.This is very low, as compared 
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with aluminium, possessing a density of 2.7 
g/cm3[14] 
 
3.2Electrical properties  
Carbon nanotubes is good conducting material. 
Experiments and theory has proved that CNTs has 
unique electrical properties. Theycan produce 
electric current carrying capacity 1000 times higher 
than copper wires [14].The electronic 
capabilities possessed by carbon nanotubes are seen 
to arise predominately from interlayer interactions, 
rather than from interlayer interactions between 
multilayers within a single carbon nanotube or 
between different nanotubes [15]. 
 
IV. APPLICATIONS OF CNTS 
 
Due to its tremendous mechanical, electrical, thermal 
and optical properties CNTs has drawn such a huge 
attention of scientists, researchers and also leading 
many promising applications. Potential applications 
of CNTs such as chemical sensors [16], field 
emission material (FEM) [17], catalyst support 
[18]electronic devices [18], high sensitivity Nano-
balance for Nano-scopic particles[19]Nano-
tweezers[20], reinforcements in high performance 
composites, and as Nano-probes in meteorology and 
biomedical and chemical investigations, anode for 
lithium ion in batteries[21], Nano-electronic 
devices[22], super-capacitors [23]and hydrogen 
storage[24]. A new potential application are also in 
the field of CNTs in the diamond industry. These are 
just few potential application of CNTs which are 
exploring as we move towards more research and 
inventions application will also increases. 
 
CONCLUSION  
 
Large amounts of good quality nanotubes can 
presently be fabricated in all over the world. There 
are many different methods to fabricate CNTs 
likely,CVD process, laser ablation,arc method. For 
large amount of production we generally use CVD 
method. Carbon nanotubes exhibits exceptional 
mechanical and physical properties and due to its 
tremendous properties CNTs have vast potential 
application in the field of medical, in the field of 
engineering, in automotive and space engineering. 
Apart from its potential uses and unique properties it 
has so many limitation which is reducing its uses in 
every field. One of its biggest drawback is its 
dimensions because of its small dimensions it is hard 
to handle as well as we need very skilled person 

while working with CNTs. Another serious problem 
comes into the picture that is combining nanoparticles 
with nanotubes into very sticky large lumps during 
the fabrication of CNTs. CNTs has still lots of 
possibilities which will increase its potential 
application. 
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