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Carbon nanotubes (CNTs) are allotropes of carbon with a cylindrical nanostructure1. We can say, they are molecular-scale tubes of graphitic carbon with outstanding properties. They are among the stiffest and strongest fibres known, and have remarkable electronic properties and many other unique characteristics, which are valuable for nanotechnology, electronics, optics and other fields of materials science and technology. In particular, owing to their extraordinary thermal conductivity and mechanical and electrical properties, carbon nanotubes may find applications as additives to various structural materials. As a group, Carbon Nanotubes typically have diameters ranging from <1 nm up to 50 nm. Their lengths are typically several microns, but recent advancements have made the nanotubes much longer, and measured in centimeters. 
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Fig. A carbon nanotube

Nanotubes are members of the fullerene structural family. Their name is derived from their long, hollow structure with the walls formed by one-atom-thick sheets of carbon, called graphene. 

Carbon Nanotubes can be categorized by their structures: 

· Single-wall Nanotubes (SWNT)

· Multi-wall Nanotubes (MWNT)

· Double-wall Nanotubes (DWNT)

Individual nanotubes naturally align themselves into "ropes" held together by van der Waals forces.
Single-wall Nanotubes (SWNT):
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 conceptualized by wrapping a one-atom-thick layer of graphite called graphene into a seamless cylinder. The way the graphene sheet is wrapped is represented by a pair of indices (n,m). The integers n and m denote the number of unit vectors along two directions in the honeycomb crystal lattice of graphene. If m = 0, the nanotubes are called zigzag nanotubes, and if n = m, the nanotubes are called armchair nanotubes. 

SWNTs are an important variety of carbon nanotube because most of their properties change significantly with the (n,m) values, and this dependence is non-monotonic (see Kataura plot). In particular, their band gap can vary from zero to about 2 eV and their electrical conductivity can show metallic or semiconducting behavior. One useful application of SWNTs is in the development of the first intramolecular field-effect transistors (FET). Production of the first intramolecular logic gate using SWNT FETs has recently become possible as well2.

Multi-wall Nanotubes (MWNT):
Multi-walled nanotubes (MWNT) consist of multiple rolled layers (concentric tubes) of graphite. There are two models that can be used to describe the structures of multi-walled nanotubes.

· The Russian Doll model

· The Parchment model

Due to statistical probability and restrictions on the relative diameters of the individual tubes, MWNT is usually a zero-gap metal.

Double-wall Nanotubes (DWNT):
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. This is especially important when functionalization is required (this means grafting of chemical functions at the surface of the nanotubes) to add new properties to the CNT. In the case of SWNT, covalent functionalization will break some C=C double bonds, leaving "holes" in the structure on the nanotube and, thus, modifying both its mechanical and electrical properties. In the case of DWNT, only the outer wall is modified. DWNT synthesis on the gram-scale was first proposed in 2003 by the CCVD technique, from the selective reduction of oxide solutions in methane and hydrogen3.

Structure:
The chemical bonding of nanotubes is composed entirely of sp2 bonds with each atom joined to three neighbours, similar to those of graphite which provide nanotubues with their unique strength. The tubes can therefore be considered as rolled-up graphene sheets (graphene is an individual graphite layer). There are three distinct ways in which a graphene sheet can be rolled into a tube, as shown in the diagram below.
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The first two of these, known as “zig-zag” (left) and “armchair” (middle) have a high degree of symmetry. The terms "armchair" and "zig-zag" refer to the arrangement of hexagons around the circumference. The third class of tube, which in practice is the most common, is known as chiral, meaning that it can exist in two mirror-related forms. 

Torus:
A nanotorus is a carbon nanotube bent into a torus (doughnut shape) which are predicted to have many unique properties, such as magnetic moment, thermal stability, etc. vary widely depending on radius of the torus and radius of the tube4 .
Nanobud:
Carbon nanobuds are a newly created material combining two previously discovered allotropes of carbon: carbon nanotubes and fullerenes. In this new material, fullerene-like "buds" are covalently bonded to the outer sidewalls of the underlying carbon nanotube. This hybrid material has useful properties of both fullerenes and carbon nanotubes. In particular, they have been found to be exceptionally good field emitters. In composite materials, the attached fullerene molecules may function as molecular anchors preventing slipping of the nanotubes, thus improving the composite’s mechanical properties.
Cup stacked carbon nanotubes:
Cup-stacked carbon nanotubes (CSCNTs) differ from other quasi-1D carbon structures, which normally behave as quasi-metallic conductors of electrons. CSCNTs exhibit semiconducting behaviors due to the stacking microstructure of graphene layers 5.
Properties:
Strength:

Carbon nanotubes are the strongest and stiffest materials yet discovered in terms of tensile strength and elastic modulus respectively. This strength results from the covalent sp2 bonds formed between the individual carbon atoms. Further studies revealed that individual CNT shells have strengths of up to ~100 GPa 6.Since carbon nanotubes have a low density for a solid 7 its specific strength  is the best of known materials.
Although the strength of individual CNT shells is extremely high, weak shear interactions between adjacent shells and tubes leads to significant reductions in the effective strength of multi-walled carbon nanotubes 8. To this limitation high-energy electron irradiation has been applied, which crosslinks inner shells and tubes, and effectively increases the strength of these materials for multi-walled and double-walled carbon nanotube bundles6,8 .
Hardness:
The bulk modulus of superhard phase nanotubes is very high, even higher than that of diamond.
Electrical property:

Due to the symmetry and unique electronic structure of graphene, the structure of a nanotube strongly affects its electrical properties. For a given (n,m) nanotube, if n = m, the nanotube is metallic; if n − m is a multiple of 3, then the nanotube is semiconducting with a very small band gap, otherwise the nanotube is a moderate semiconductor. Thus all armchair (n = m) nanotubes are metallic, and nanotubes (6,4), (9,1), etc. are semiconducting 9 . 

However, this rule has exceptions, because curvature effects in small diameter carbon nanotubes can strongly influence electrical properties.

Multiwalled 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 10 .

Thermal Property:

All nanotubes are expected to be very good thermal conductors along the tube, exhibiting a property known as "ballistic conduction", but good insulators laterally to the tube axis. A SWNT has a room-temperature thermal conductivity across its axis of about 1.52 W·m−1·K−1 11, which is about as thermally conductive as soil. The temperature stability of carbon nanotubes is estimated to be up to 2800 °C in vacuum and about 750 °C in air12.

Defects:

The existence of a crystallographic defect affects the material properties which can occur in the form of atomic vacancies. High levels of such defects can lower the tensile strength of the material. Crystallographic defects also affect the tube's electrical properties. A common result is lowered conductivity through the defective region of the tube. 
A defect in armchair-type tubes (which can conduct electricity) can cause the surrounding region to become semiconducting, and single monoatomic vacancies induce magnetic properties 13 .Crystallographic defects strongly affect the tube's thermal properties.

One-dimensional transport:
Because of the nanoscale dimensions, electrons propagate only along the tube's axis and electron transport involves many quantum effects. Because of this, carbon nanotubes are frequently referred to as “one-dimensional”.

Toxicity:
 There are difficulties in evaluating the toxicity of this heterogeneous material. Under some conditions, nanotubes can cross membrane barriers, which suggests that, if raw materials reach the organs, they can induce harmful effects such as inflammatory and fibrotic reactions 14.
A study led by Alexandra Porter from the University of Cambridge shows that CNTs can enter human cells and accumulate in the cytoplasm, causing cell death 15.
CNTs were capable of producing inflammation, epithelioid granulomas, fibrosis, and biochemical/toxicological changes in the lungs 16. As a control, ultrafine carbon black was shown to produce minimal lung responses17. The needle-like fiber shape of CNTs is similar to asbestos fibers.
 Thus under certain conditions, especially those involving chronic exposure, carbon nanotubes can pose a serious risk to human health14,15,17.
Synthesis:
Techniques have been developed to produce nanotubes in sizeable quantities, including arc discharge, laser ablation, high-pressure carbon monoxide (HiPco), and chemical vapor deposition (CVD).
Arc discharge:
Nanotubes were observed in 1991 in the carbon soot of graphite electrodes during an arc discharge, by using a current of 100 amps, that was intended to produce fullerenes18.
the most widely-used method of nanotube synthesis. it produces both single- and multi-walled nanotubes with lengths of up to 50 micrometers with few structural defects.
Laser ablation:
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 19.
It produces primarily single-walled carbon nanotubes with a controllable diameter determined by the reaction temperature.

Chemical vapor deposition (CVD):
CVD is a common method for the commercial production of carbon nanotubes. For this purpose, the metal nanoparticles are mixed with a catalyst support such as MgO or Al2O3 to increase the surface area for higher yield of the catalytic reaction of the carbon feedstock with the metal particles. One issue in this synthesis route is the removal of the catalyst support via an acid treatment, which sometimes could destroy the original structure of the carbon nanotubes. However, alternative catalyst supports that are soluble in water have proven effective for nanotube growth20.
Of the various means for nanotube synthesis, CVD shows the most promise for industrial-scale deposition because of its price/unit ratio, and because CVD is capable of growing nanotubes directly on a desired substrate, whereas the nanotubes must be collected in the other growth techniques.

Current applications:
· Using CNT technology a number of bicycle components—including flat and riser handlebars, cranks, forks, seatposts, stems and aero bars are manufactured.

· CNTs help improve the structural performance of the vessel, resulting in a lightweight 8,000 lb boat that can carry a payload of 15,000 lb over a range of 2,500 miles21.
· It has been used for wind turbines, marine paints and variety of sports gear such as skis, ice hockey sticks, baseball bats, hunting arrows, and surfboards22.
Other current applications include:

· Making tips for atomic force microscope probes23.
· In tissue engineering, carbon nanotubes can act as scaffolding for bone growth24.
Potential applications
The strength and flexibility of carbon nanotubes makes them of potential use in controlling other nanoscale structures, which suggests they will have an important role in nanotechnology engineering.
Structural:
Because of the carbon nanotube's superior mechanical properties, many structures have been proposed ranging from everyday items like clothes and sports gear to combat jackets and space elevators25.
Pioneering work led by Ray H. Baughman at the NanoTech Institute has shown that single and multi-walled nanotubes can produce materials with toughness unmatched in the man-made and natural worlds.
Because of the high mechanical strength of carbon nanotubes, research is being made into weaving them into clothes to create stab-proof and bulletproof clothing.
In electrical circuits:
Nanotube-based transistors, also known as carbon nanotubes field-effect transistors (CNFETs), have been made that operate at room temperature and that are capable of digital switching using a single electron.
As electrical cables and wires:
Wires for carrying electrical current may be fabricated from pure nanotubes and nanotube-polymer composites. Recently small wires have been fabricated with specific conductivity exceeding copper and aluminum; these cables are the highest conductivity carbon nanotube and also highest conductivity non-metal cables.

As paper batteries:
A paper battery is a battery engineered to use a paper-thin sheet of cellulose infused with aligned carbon nanotubes25. The nanotubes act as electrodes; allowing the storage devices to conduct electricity. The battery, which functions as both a lithium-ion battery and a supercapacitor, can provide a long, steady power output comparable to a conventional battery, as well as a supercapacitor’s quick burst of high energy

Solar cells:
Solar cells developed at the New Jersey Institute of Technology use a carbon nanotube complex, formed by a mixture of carbon nanotubes and fullerenes (buckyballs) to form snake-like structures. Buckyballs trap electrons, although they can't make electrons flow. Add sunlight to excite the polymers, and the buckyballs will grab the electrons. Nanotubes, behaving like copper wires, will then be able to make the electrons or current flow.
Ultracapacitors:
Nanotubes are used to improve ultracapacitors.

Medical:
In the Kanzius cancer therapy, single-walled carbon nanotubes are inserted around cancerous cells, then excited with radio waves, which causes them to heat up and kill the surrounding cells.
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