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Abstract
A review of the nanotechnology, Carbon Nano Tubes (CNT’s), 
their synthesis and mechanical electrical and thermal properties 
of nanotubes is presented, with particular reference to properties 
that differ from those of the bulk counterparts and to potential 
applications that might result from the special structure and 
properties of nanotubes. 
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I. Introduction
Nanotechnology keeps gaining attention of the scientist 
around the world. It has a lot of potential that can be explored. 
Nanotechnology is the production and  use  of  materials  with  
purposely engineered  features  close  to  the  atomic  or molecular 
scale. Nanotechnology deals with putting things together atom-
by-atom and with structures so small they are invisible to the 
naked eye. It provides the ability to create materials, devices and 
systems with fundamentally new functions and properties. It is 
the use and manipulation of matter at a tiny scale. At this size, 
atoms and molecules work differently, and provide a variety of 
surprising and interesting uses. The prefix of nanotechnology 
derives from “nanos” – the Greek word for dwarf. A nanometer 
is a billionth of a meter, or to put it comparatively, about 1/80,000 
of the diameter of human hair. Although often referred to as the 
‘tiny science’, nanotechnology does not simply mean very small 
structures and products. Nanoscale features are often incorporated 
into bulk materials and large surface area [1]. 

II. Carbon Nanotubes (CNT)
Carbon Nano Tube (CNT) is one form of carbon, with nanometer-
sized diameter and micrometer-sized length (where the length to 
diameter ratio exceeds 1000). The atoms are arranged in hexagons, 
the same arrangement as in graphite. The structure of CNT consists 
of enrolled cylindrical graphitic sheet (called graphene) rolled up 
into a seamless cylinder with diameter of the order of a nanometer. 
It is understood that CNT is the material lying in between fullerenes 
and graphite as a quite new member of carbon allotropes (Tanaka 
et al., 1999). CNT is cylindrical, the ends of some CNTs are 
open; the others are closed with full fullerene caps. CNTs name 
is derived from their size, since the diameter of a CNT is on the 
order of a few nanometers (approximately 50,000 times smaller 
than the width of a human hair), while they can be up to several 
micrometer in length [2] as shown in fig. 1. 

Fig. 1: Schematic Diagrams Showing Different Types of CNTs and 
Other Carbon Structures: (A) Flat Sheet of Graphite, (B) Partially 
Rolled Sheet of Graphite, (C) SWCNT [17].

Fig. 2: Schematic of an Individual Layer of Carbon Called 
Graphene, and How This Could be Rolled in Order to form a 
Carbon Nanotubes [19]

A. Single-Walled CNT (SWNT)
A single-Walled Carbon Nanotubes (SWCNTs) can be considered 
to be formed by the rolling of a single layer of graphite (called a 
graphene layer) into a seamless cylinder (long wrapped graphene 
sheets) as shown in fig. 2. As stated before, CNTs generally have 
a length to diameter ratio of about 1000 and more so they can be 
considered as nearly one-dimensional structure. Most SWCNTs 
have a diameter of close to 1 nm. More detailed, a SWCNT consists 
of two separate regions with different physical and chemical 
properties as shown in fig. 3. The first is the sidewall of the tube 
and the second is the end cap of the tube. SWCNTs are a very 
important variety of a CNT because they exhibit important electric 
properties that are not shared by the MWCNT variants. The most 
basic building block of these systems is the electric wire, and 
SWCNTs can be excellent conductors. 
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Fig. 3: Structure of SWCNT [17]

B. Multi-Walled CNT (MWNT)
Multi-Walled Carbon Nanotubes (MWCNTs) can be considered 
as a collection of concentric SWCNTs (consist of multiple layers 
of graphite rolled in on themselves to form a tube shape) with 
different diameters as shown in fig. 4 and fig. 5. The length and 
diameter of these structures differ a lot from those of SWCNTs and, 
of course, their properties are also very different. The interlayer 
distance in MWCNTs is close to the distance between graphene 
layers in graphite, approximately 3.3 Å.

Fig. 4: Tip of MWNT [19]

A special case of MWCNTs (double-walled carbon nanotubes 
DWCNTs) must be emphasised here because they combine very 
similar morphology and properties as compared to SWCNT [5]. 

Fig. 5: Structure of MWCNT [17]

III. Synthesis of Carbon Nanotubes
Due to the increasing demand of CNT , it is needed to be produced 
more. The technique of producing CNT has been including 
the method arc discharge, laser ablation and chemical vapor 
deposition.

A. Arc Discharge Method
This arc discharge method was first and commonly used to produce 
CNT [6]. Because nanotubes were initially discovered using this 
technique, it has been the most widely-used method of nanotube 
synthesis. For this method, production yields are in general poor 
while purity can be as low as 10% with the rest of the carbon in 
the form of species such as turbostratic graphite and carbon onions. 
The yield for this method is up to 30 percent by weight and it 
produces both single- and multi-walled nanotubes with lengths 
of up to 50 micrometers with few structural defects [7].

B. Laser Ablation Method
In the laser ablation process, a pulsed laser vaporizes a graphite 
target in a high-temperature reactor while an inert gas is bled 
into the chamber. Nanotubes develop on the cooler surfaces of 
the reactor as the vaporized carbon condenses. A water-cooled 
surface may be included in the system to collect the nanotubes. 
Laser ablation is one of the superior methods to grow SWNTs 
with high-quality and high- purity [8].
This method was introduce in 1995 and the optimization for 
high quality and purity of SWNTs by manipulating numerous 
experimental variables such as; the composition target, gas 
pressure, gas flow rate, ambient temperature.

C. Chemical Vapour Deposition (CVD) Method
CVD is a common method for the commercial production of 
carbon nanotubes. Chemical vapour deposition or CVD is a 
generic name for a group of processes that involve depositing 
a solid material from a gaseous phase and is similar in some 
respects to Physical Vapour Deposition (PVD). Precursor gases 
(often diluted in carrier gases) are delivered into the reaction 
chamber at approximately ambient temperatures. As they pass 
over or come into contact with a heated substrate, they react or 
decompose forming a solid phase which and are deposited onto the 
substrate. The substrate temperature is critical and can influence 
what reactions will take place [9].

IV. Properties of Carbon Nano Tubes

A. Mechanical Properties
The carbon nanotubes are expected to have high stiffness and 
axial strength as a result of the carbon bonding[10]. Young’s 
modulus of nanotubes produced by the catalytic decomposition 
of hydrocarbons was determined and giving values in the range 
10–50 GPa. The effective bending modulus corresponds to the 
standard Young modulus if the nanotube bends by stretching in 
the outer arc and by compression in the inner arc as shown in fig. 
6. This appears to be the case for nanotubes with diameter d < 
12 nm, where the effective bending modulus was found to have 
a value of 1 TPa, in good agreement with the values previously 
obtained for Young‟s modulus [11].
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Fig. 6: Series step of Deformation of a MWNT [18]

However, for MWNTs of larger diameters, it was found that 
the effective bending modulus dropped dramatically to values 
of 100 GPa [2]. This was shown in figure where the value of 
bending modulus was inversely proportional to the diameter of 
the MWNT.

Fig. 7: Graph of bending modulus versus diameter [12]

Fig. 7 shows that effective bending modulus of MWNTs as a 
function of tube diameter obtained from electromechanical 
resonance experiments [13]. For small-diameter tubes (less than 
12 nm), the bending modulus is high (approaching 1 TPa) and 
can be associated with Young‟s modulus.

B. Electrical Properties
In theory, metallic nanotubes can carry an electric current density 
of 4 × 109 A/ which is more than 1,000 times greater than metals 
such as copper. Multi walled carbon nanotubes with interconnected 
inner shells show superconductivity with a relatively high transition 
temperature Tc = 12 K. In contrast, the Tc value is an order of 
magnitude lower for ropes of single-walled carbon nanotubes or 
for MWNTs with usual, non-interconnected shells [14].

C. Thermal Conductivity of Carbon Nanotubes
The studies made by author [15] estimated that the range of CNT 
either single-walled or multiwalled, the thermal conductivity is 
from 600 to 6000 W/mK. From their research, they used the 
photothermal reflection method and they have measured the thermal 
conductivity of MWNT films with film thickness or CNT length 
from 10 to 50 mm. The average thermal conductivity is found to 
be about 15 W/mK and independent of the CNT length. Taking 
the volume-filling fraction of CNT‟s into account, the effective 
thermal conductivity for the MWNT‟s is about 2 × W/m  K.  With  

different  approach  and  technique,  each  of  this  researchers 
obtained different value of thermal conductivity of CNT.
This thermal conductivity may caused by a lot of factor and a lot 
of theories presented by researchers and scientist around the globe. 
One of the theories that came is the role of Brownian motion in 
enhanced thermal conductivity of nanofluids. Authors [16] came 
out with theoretical model based on kinetics, Kapitza Resistance 
and convection. The first mode is collision between base fluid 
molecules which is physically represents the thermal conductivity 
of the base fluids. Nanoparticle collision due to Brownian motion 
is a very slow process.

Fig. 7: Graph of Normalized Conductivity Versus Diameter of 
Nanoparticles [16]

This shows that the smaller diameter of nanoparticles that 
submerged inside the base fluid, the better for increasing the 
conductivity. Vice versa for solid or solid composites that is 
decreasing of thermal conductivity with decreasing of particle 
size.

V. Conclusion
Nanotechnology is now a days one of the most important trends 
in science, perceived as one of the key technologies of the 
present century. Its applications include the biotechnology and 
pharmacy fields as well as electronics, scientific tools, industrial 
manufacturing processes, corrosion resistance applications and 
introduction of advance materials... etc. CNTs are one of the most 
important field of nanotechnology. These have only recently 
caught the attention of the world but many advances have been 
made since their discovery. They are unique nanostructures that 
display the desirable properties of any other known material. 
Numerous hurdles have yet to be overcome before the practical 
potential of nanotubes can be realized, not least finding better 
and cheaper synthesis and purification techniques, improving our 
ability to manipulate them at the nanoscale, and the development 
of more sensitive characterization methods. But given that their 
properties are so unusual, their size is so small and the scope for 
applications is so large, we feel confident that it is only a question 
of time before the promise of nanotubes is fulfilled.
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