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1. Structure of Carbon Nanotubes 
 

The structure of a carbon nanotube is formed by a layer of carbon atoms 

that are bonded together in a hexagonal (honeycomb) mesh. This one-

atom thick layer of carbon is called graphene, and it is rolled in the shape 

of a cylinder and bonded together to form a carbon nanotube. Nanotubes 

can have a single outer wall of carbon, or they can be made of multiple 

walls (cylinders inside other cylinders of carbon). Carbon nanotubes have 

a range of electric, thermal, and structural properties that can change 

based on the physical design of the nanotube. 

2. Types of carbon nanotubes (CNTs): 

The carbon nanotubes are of two types namely: 

• Single walled carbon nanotubes (SWCNTs) 

• Multiple walled carbon nanotubes (MWCNTs) 

 

2.1. Single-walled carbon nanotube structure 

Single-walled carbon nanotubes can be formed in three different designs:  

• Armchair 

• Chiral 

• Zigzag.  

The design depends on the way the graphene is rolled into a cylinder. For 

example, imagine rolling a sheet of paper from its corner, which can be 

considered one design, and a different design can be formed by rolling the 

paper from its edge. This type is shown in the figure below 
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2.2. Multiple walled carbon nanotubes (MWCNTs): 

MWCNTs consist of several coaxial cylinders, each made of a single 

graphene sheet surrounding a hollow core. The outer diameter of 

MWCNTs ranges from 2-100 nm, while the inner diameter is in the range 

of 1-3 nm, and their length is one to several micrometers .  

MWCNTs structures can be split into two categories based on their 

arrangements of graphite layers: one has a parchment-like structure 

which consists of a graphene sheet rolled up around it and the other is 

known as the Russian doll model where layers of graphene sheets are 

arranged within a concentric structure. 
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Decoration of multiwall carbon nanotubes (MWCNTs) consists of 

depositing nanoparticles on the MWCNT walls or ends, bonded by 

physical interaction with potential applications in catalysis, biosensors, 

biomedical, magnetic data storage, and electronic devices. The various 

methods used for this purpose include precipitation, hydrolysis at high 

temperature, or chemical decomposition of a metal precursor. 
 
 

 

3. Carbon Nanotubes Properties: 

• Strength and Elasticity 

• Electrical Conductivity 

• Thermal Conductivity And Expansion 

• High Aspect Ratio. 

4.1. Strength and Elasticity of CNTs 

Carbon nanotubes have a higher tensile strength than steel and Kevlar. 

Their strength comes from the sp² bonds between the individual carbon 

atoms. This bond is even stronger than the sp³ bond found in diamond. 

Under high pressure, individual nanotubes can bond together, trading 

some sp² bonds for sp³ bonds. This gives the possibility of producing long 

nanotube wires. Carbon nanotubes are not only strong, they are also 

elastic. You can press on the tip of a nanotube and cause it to bend 

without damaging to the nanotube, and the nanotube will return to its 

original shape when the force is removed. A nanotube's elasticity 

https://www.cheaptubes.com/carbon-nanotubes-properties-and-applications/#strength
https://www.cheaptubes.com/carbon-nanotubes-properties-and-applications/#conductivity
https://www.cheaptubes.com/carbon-nanotubes-properties-and-applications/#thermal
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does have a limit, and under very strong forces, it is possible to 

permanently deform to shape of a nanotube. A nanotube’s strength can be 

weakened by defects in the structure of the nanotube. Defects occur from 

atomic vacancies or a rearrangement of the carbon bonds. Defects in the 

structure can cause a small segment of the nanotube to become weaker, 

which in turn causes the tensile strength of the entire nanotube to weaken. 

The tensile strength of a nanotube depends on the strength of the weakest 

segment in the tube similar to the way the strength of a chain depends on 

the weakest link in the chain 
 

4.2. Electrical Conductivity of CNTs 

As mentioned previously, the structure of a carbon nanotube 

determines how conductive the nanotube is. When the structure of atoms 

in a carbon nanotube minimizes the collisions between conduction 

electrons and atoms, a carbon nanotube is highly conductive. The strong 

bonds between carbon atoms also allow carbon nanotubes to withstand 

higher electric currents than copper. Electron transport occurs only along 

the axis of the tube. Single walled nanotubes can route electrical signals 

at speeds up to 10 GHz when used as interconnects on semi-conducting 

devices. Nanotubes also have a constant resistively. 

4.3. Thermal Conductivity and Expansion of CNTs: 

The strength of the atomic bonds in carbon nanotubes allows them to 

withstand high temperatures. Because of this, carbon nanotubes have 

been shown to be very good thermal conductors. When compared to 

copper wires, which are commonly used as thermal conductors, the 

carbon nanotubes can transmit over 15 times the amount of watts per 

meter per Kelvin. The thermal conductivity of carbon nanotubes is 

dependent on the temperature of the tubes and the outside environment 

Reports of several recent experiments on the preparation and 

mechanical characterization of CNT-polymer composites have also 

appeared. These measurements suggest modest enhancements in strength 

characteristics of CNT-embedded matrixes as compared to bare polymer 

matrixes. Preliminary experiments and simulation studies on the thermal 

properties of CNTs show very high thermal conductivity. It is expected, 

therefore, that nanotube reinforcements in polymeric materials may also 

significantly improve the thermal and thermo-mechanical properties of 

the composites. 
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4.4. High Aspect Ratio: 

CNTs represent a very small, high aspect ratio conductive additive for 

plastics of all types. Their high aspect ratio means that a lower loading 

(concentration) of CNTs is needed compared to other conductive 

additives to achieve the same electrical conductivity. This low loading 

preserves more of the polymer resins’ toughness, especially at low 

temperatures, as well as maintaining other key performance properties of 

the matrix resin. 

CNTs have proven to be an excellent additive to impart electrical 

conductivity in plastics. Their high aspect ratio (about 1000:1) imparts 

electrical conductivity at lower loadings, compared to conventional 

additive materials such as carbon black, chopped carbon fiber, or stainless 

steel fiber. 

4. Methods of carbon nanotube synthesis 

Plasma based synthesis method or Arc discharge evaporation method 

In Arc discharge methods, use of higher temperatures (above 1700 ⁰C) 

for CNT synthesis, which usually causes the growth of CNTs with fewer 

structural defects in comparison with other techniques. The electric arc 

method, initially used for producing C60 fullerenes. SWCNTs were 

produced subsequently in 1993 by the same.  

In this method, a potential of 20–25 V is applied across the pure 

graphite electrodes separated by 1 mm distance and maintained at 500 

torr pressure of flowing helium gas filled inside the quartz chamber. 
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 When the electrodes are made to strike each other under these 

conditions it produces an electric arc. The energy produced in the arc is 

transferred to the anode which ionizes the carbon atoms of pure graphite 

anode and produces C+ ions and forms plasma (Plasma is atoms or 

molecules in vapor state at high temperature). These positively charged 

carbon ions moves towards cathode, gets reduced and deposited and grow 

as CNTs on the cathode. As the CNTs grow, the length of the anode 

decreases, but the electrodes are adjusted and always maintain a gap of 1 

mm between the two electrodes. If proper cooling of electrodes are 

achieved uniform deposition of CNTs are formed on the cathode which is 

achieved by inert gas maintained at proper pressure . By this method 

multi-walled carbon nanotubes are synthesized and to synthesize single-

walled carbon nanotubes catalyst nanoparticles of Fe, Co, and Ni are 

incorporated in the central portion of the positive electrode. The obtained 

CNTs are further purified to get the pure form of CNTs. 

Applications of Carbon Nanotubes 

 

CNTs Thermal Conductivity 

CNTs have outstanding heat conductivity, electrical conductivity, and 

mechanical properties. They are probably the best electron field-emitter 

possible. They are polymers of pure carbon and can be made to and 

manipulated using the recognized and extremely rich chemistry of 

carbon. This offers the opportunity to alter their structure and to optimize 

their dispersion and solubility. CNTs are molecularly perfect, in the sense 

that they are generally free of property-degrading flaws in the nanotube 

structure. Their material properties can thus reach close to the very high 

levels intrinsic to them. Due to these extraordinary characteristics, CNTs 

can be prospectively used in a number of applications. 

 

CNTs Field Emission Applications 

CNTs are the best known field emitters of any material. This is 

understandable, with regard to their high electrical conductivity, and the 

unbelievable sharpness of their tip (as the tip’s radius of curvature 

becomes smaller, the electric field will be more concentrated, resulting in 

increased field emission; this is the same reason lightning rods are sharp). 

In addition, the sharpness of the tip also indicates that they emit at 
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specifically low voltage, a key fact for building low-power electrical 

devices that employ this feature. CNTs can carry an amazingly high 



                       Nanoscience and   

                Nanotechnology (Unit-V) 
 

current density, probably as high as 1013 A/cm2. Additionally, the current 

is extremely stable. Field-emission flat-panel displays are an immediate 

application of this behavior, receiving considerable interest. Unlike 

conventional cathode ray tube display where a single electron gun is used, 

CNT-based displays use a separate electron gun (or even many of them) 

for each individual pixel in the display. Their low turn-on and operating 

voltages, high current density, and steady, long-lived behavior make 

CNTs very attractive field emitters in this application. General types of 

low-voltage cold-cathode lighting sources, electron microscope sources, 

and lightning arrestors are other applications utilizing the field-emission 

characteristics of CNTs. 

 

CNTs Conductive Plastics 

Over the past five decades, much of the history of plastics has 

involved their use as a substitute for metals. For structural applications, 

plastics have progressed tremendously, but not where electrical 

conductivity is needed, since plastics are very good electrical insulators. 

This deficiency can be ruled out by loading plastics up with conductive 

fillers, such as carbon black and larger graphite fibers (the ones used to 

make golf clubs and tennis rackets). In order to offer the necessary 

conductivity using conventional fillers, the loading required is typically 

high, however, leading to heavy parts and, more prominently, plastic 

parts whose structural properties are highly degraded. It is well known 

that as the aspect ratio of filler particles becomes high, the loading 

required to achieve a given level of conductivity becomes low. For this 

reason, CNTs are perfect because they have the highest aspect ratio of 

any carbon fiber. Furthermore, their natural tendency to form ropes offers 

inherently very long conductive pathways even at ultra-low loadings. 

 
This behavior of CNTs is utilized in applications such as electrostatic 

dissipation (ESD); EMI/RFI shielding composites; coatings for gaskets, 

enclosures, and other uses; radar-absorbing materials for low-observable 

(―stealth‖)  applications;  and  antistatic  materials  and  (even  transparent!) 

conductive coatings. 
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CNTs Energy Storage 

The intrinsic properties of CNTs make them the preferred material for 

use as electrodes in capacitors and batteries — two technologies of fast- 

growing significance. CNTs possess good electrical conductivity, an 

extremely high surface area (~1000 m2/g), and most importantly, their 

linear geometry makes their surface very accessible to the electrolyte. 
 

Research has demonstrated that CNTs have the highest reversible 

capacity of any carbon material for use in lithium-ion batteries are 

currently being marketed for this application. 
 

In addition, CNTs hold applications in various fuel cell components. 

They have several properties, such as high thermal conductivity and 

surface area, making them valuable as electrode catalyst supports in PEM 

fuel cells. Owing to their high electrical conductivity, they may also be 

used in gas diffusion layers, besides current collectors. The high strength 

and toughness-to-weight characteristics of CNTs may also prove useful 

as part of composite components in fuel cells that are used in transport 

applications, where durability is paramount. 
 

CNTs Conductive Adhesives and Connectors 

The exact properties that make CNTs desirable as conductive fillers 

for use in ESD materials, electromagnetic shielding, and so on make them 

suitable for interconnection applications and electronics packaging, 

including coaxial cables, potting compounds, and adhesives and other 

types of connectors. 
 

CNTs Molecular Electronics 

The idea of building electronic circuits out of the critical building 

blocks of materials — molecules — has seen growth in the past five 

years, and is a vital part of nanotechnology. In any electronic circuit, but 

specifically when dimensions reduce in size to the nanoscale, the 

interconnections between switches and other active devices become more 

https://www.cheaptubes.com/product-category/carbon-nanotube-arrays/
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and more essential. Their ability to be precisely derived, electrical 

conductivity, and geometry make CNTs the most suitable candidates for 

the connections in molecular electronics. Furthermore, they have been 

shown as switches themselves. 

 

CNTs Thermal Materials 

The record-setting anisotropic thermal conductivity of CNTs is 

opening doors to several applications that involve heat transfer. Such an 

application is found in electronics, specifically advanced computing, 

where uncooled chips currently regularly exceed 100 °C. 

 
The technology for creating aligned structures and ribbons of CNTs 

[D.Walters, et al., Chem. Phys. Lett. 338, 14 (2001)] is a step toward 

achieving extremely efficient heat conduits. Furthermore, composites 

with CNTs have been demonstrated to significantly increase their bulk 

thermal conductivity, even at incredibly small loadings. 

 

CNTs Structural Composites 

The superior properties of CNTs are not just restricted to thermal and 

electrical conductivities but also include mechanical properties, such as 

strength, toughness, and stiffness. These properties pave the way for use 

in a range of applications exploiting them, including advanced 

composites that need high values of one or more of these properties. 

 

CNTs Fibers and Fabrics 

Recently, fibers spun from pure CNTs have been demonstrated [R.H. 

Baughman, Science 290, 1310 (2000)] and are experiencing rapid 

development, together with CNT composite fibers. Such super strong 

fibers will have several applications such as woven fabrics and textiles, 

transmission line cables, and body and vehicle armor. CNTs are also 

being employed in order to make textiles stain resistant. 

 

CNT Catalyst Supports 

CNTs intrinsically possess an enormously high surface area; actually, 

for SWNTs, every atom is not just on one surface — but two surfaces, the 



                       Nanoscience and   

                Nanotechnology (Unit-V) 
 

interior and exterior of the nanotube. Along with the ability to attach 

basically any chemical species to their sidewalls (functionalization) offers 

a prospect for unique catalyst supports. Their electrical conductivity may 

also be used propitiously in the quest for new catalysts and catalytic 

behavior. 

 

CNTs Biomedical Applications 

Although the exploration of CNTs in biomedical applications is just in 

progress, it has great potential. Since a great part of the human body is 

made up of carbon, it is usually considered a very biocompatible material. 

The growth of cells on CNTs has been demonstrated; therefore, they 

apparently have no toxic effect. The cells also do not adhere to the CNTs, 

opening doors for applications such as anti-fouling coatings for ships and 

coatings for prosthetics. 

 
The ability to functionalize (chemically modify) the sidewalls of 

CNTs also gives rise to biomedical applications including neuron growth 

and regeneration, and vascular stents. It has also been demonstrated that a 

single strand of DNA can be bonded to a nanotube, which can 

subsequently be effectively inserted into a cell. 

 

CNTs Air and Water Filtration 

Several corporations and researchers have already developed CNT- 

based water and air filtration devices. It has been reported that these 

filters, apart from blocking the tiniest particles, can also destroy most 

bacteria. This is one more area where CNTs have already been 

commercialized and products are available now. 

 

CNTs Ceramic Applications 

Materials scientists at UC Davis have produced a ceramic material 

reinforced with carbon nanotubes. The new material is significantly 

tougher than traditional ceramics, conducts electricity, and can both 

conduct heat and function as a thermal barrier, with respect to the 

nanotube orientation. 



                       Nanoscience and   

                Nanotechnology (Unit-V) 
 

Since ceramic materials are very hard and resistant to heat and chemical 

attack, they are valuable for applications such as coating turbine blades; 

however, they are also very brittle. The researchers mixed powdered 

alumina (aluminum oxide) with 5%–10% carbon nanotubes, in addition 

to 5% finely milled niobium. The mixture was treated with an electrical 

pulse in a process called spark-plasma sintering by the researchers. This 

process collates ceramic powders more rapidly and at lower temperatures 

than traditional processes. 

 
The fracture toughness (resistance to cracking under stress) of the new 

material is up to five times of that of traditional alumina. The material 

exhibits electrical conductivity seven times of that of earlier ceramics 

made with nanotubes. It also has fascinating thermal properties, 

conducting heat in one direction, along the alignment of the nanotubes 

and, on the other hand, reflecting heat at right angles to the nanotubes, 

making it a preferred material for thermal barrier coatings. 

 

Other Carbon Nanotubes Applications 

There are several other potential applications for CNTs, including 

solar collection, nanoporous filters, catalyst supports, and all kinds of 

coatings. There are almost certainly several surprising applications for 

this excellent material that will be revealed in the future, and which may 

prove to be the most significant and valuable ones of all. A number of 

researchers have been studying the conductive and/or waterproof paper 

produced using CNTs. CNTs have also been demonstrated to absorb 

infrared light and may hold applications in the I/R optics industry. 

 


