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Abstract:  

Nowadays it is difficult to imagine life without nano-technologies, more specific: nanomaterials. Carbon 

nanotubes are of the most famous important materials used in this field. (CNTs) are allotropes of carbon element, 

which made of graphite, constructed in a cylindered tube its dimension are nanometers in diameter while reach to a 

millimetre in length. there unique structural, electronic, mechanical properties are due to high aspect ratio 

nanoparticles (HARN). many industrial methods are used to produce (CNTs), (CVD) is the most famous method, it is 

a simple technique with low-cost respect to others. Laser ablation and arc discharge are also used. Foreign 

nanoparticles (during synthetic technologies) and structural defects are the most major problems associated with 

(CNTs) manufacturing which lead to a degradation in properties so that purification is needed to enhance reactivity 

and homogenous structure. 

Keywords: Nanotechnology, Carbon nanotubes, Nanoscale dimension, Single-wall carbon nanotube, Multi-wall 

carbon nanotube. 

1- Definition of Nanotechnology 

Professor Norio Taniguchi at the University of Tokyo in (1971), was the first one who defined the term 

“nanotechnology”. which translated to English:  

 “Nanotechnology” is the production technology to get the extra high accuracy and ultra-fine dimensions, i.e. 

the preciseness and fineness on the order of 1nm (nanometer), 10-9 "meter in length" [1]. While according to “NASA” 

nanotechnology defined as: “Nanotechnology is the creation of functional materials devices and systems through 

control of matter on the nanometer length scale (1-100) nanometer, and exploitation of novel phenomena and 

properties (physical, chemical, biological, mechanical, electrical, ....) at that length scale. Nanotechnology is dramatic 

changes in our lives, health, resulting in a new material, which had a unique property and represented the most effects 

in our modern science [2]. Nanotechnology brings evolutionary changes to our lives every day [3].  

2-Introduction:  

  A word nano is a Greek word, which means (small) i.e. scientific treatment at the nanoscale (atomic level) 

and the help of scientific instruments is known as “nanotechnology” with at the last three decades became the most 

known field [4]. This word (nanotechnology) is named by “Norio Taniguchi “in 1971 in Japan. He prepared by 

processing steps including, separation, consolidation, deformation of materials by one molecule or one atom [5]. 

Nanotechnology has a revolutionized in our lives in general, and precisely in health scenario resulting in new 

engineering materials, products and devices which have a unique and unusual behaver. nanomaterials, nanocomposite 

and nanoparticles bring a new scientific field called “nanomedicine”, which implies the medical application of 

nanotechnology leading to the designing, testing and optimizing of the “pharmaceutical” formulations” [6]. The 

exploration of tubular nanomaterials in all studies and researches are three types listed in the table (1), which are 

peptide nanotubes, carbon nanotubes. carbon nano hours [2]. On the other hand, nanotechnology has been taken a 

large area: in industrial process and purifications, e.g.: treatment of wastewater, filtration of water, water desalination 

while industry including nano-wire of nano-machining, nano-rods, material construction, military production [7]. 
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3- Carbon Nanotubes:  

Since (1952) carbon nanotubes has been described by “Radushkevich” while in (1976) "colleagues and 

Oberlin" descries the microscopic of double and single-walled carbon nanotubes. in (1991) Iijima set the process for 

the preparation of multi-walled carbon nanotubes (MWCNTs), by a new method (arc evaporation) to fabricate (carbon 

molecules 𝐶60) [8].  

Then groups (Bethum and lijim) are set a mechanistic description of the process to build single-walled carbon 

tubes (SWCNTs), which build as one-atom-thick (a sheet of graphene) this sheet is rolled up to a tubes structure 

[9],[10]. 

4- Structure of carbon nanotubes: 

Carbon nanotubes are carbon material that its shape as a tube which has a diameter in the range of nanometer-

scale (1-100 nm). There are two types of (CNTs), single-walled carbon nanotubes (SWCNTs), and multi-walled 

carbon nanotubes (MWCNTs) [11].  

4-1 single-walled carbon nanotubes:  

   Its diameter near to (1nm). While its length reaches to millions of times longer. Their different shapes can 

be, zigzag, archaic and chiral forms on basis of rolling of graphene sheet into a seamless cylinder, electric properties 

of these types affected by each type, [12] Fig. (1). 

 

Fig. (1) Carbon nanotube structures of armchair, zigzag and chiral configurations. They differ in 

chiral angle and diameter: armchair carbon nanotubes share electrical properties similar to metals. The 

zigzag and chiral carbon nanotubes possess electrical properties similar to semiconductors [6]. 

4-2 Multi-wall carbon nanotubes: (MWCNTs): 

The credit for its manufacture back to the discovering (𝐶60) that encouraged studies and research for other 

types of carbon compounds having curved graphene (13). (MWCNTs) were made concentric cylinders shape of the 

rolled-up graphene sheet, A few micrometres reach the length of these tubes, while its diameter is between (10-20) 

nm., [11], Fig. (2). 
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Fig. (2) structure of multi carbon nanotube [11]. 

Structure of (MWCIVTs) can describe according to two models: first model “Parchment model” a single sheet 

of graphite around itself by rolling, the interlayer distance is approximately equal to the distance between graphene 

layers: (3.3A°) comparing to (SWCNTs), it has greater tensile strength. Second model: “Russian model”, the sheet of 

the graphite are arranged in the form of concentric cylinders with a large single-walled nanotube [13],[14]. 

5- Synthesis of nanotubes:  

There are several processes for CNTs synthesis: chemical vapour deposition (CVD), laser ablation, arc 

discharge (AD), catalyst chemical vapour deposition (CCVD), Ball milling. 

5-1 chemical vapour deposition:  

In this technique, a substrate covered by a metal catalyst, Fe, Co, Ni or even (a combination) then heated around 

700°c to facilitates or accelerates the growth of carbon nanotubes Fig. (3). catalyst particles implemented align holes 

substrate, growth starts when two gasses pass through the chamber, e.g: (𝑁2 , 𝐻2 , Ar, 𝐶𝐻4 or 𝐶2𝐻2). This method is 

usually used in commercially (industrial process) due to acceptable results for industrial-scale [15],[16]. 

 

Fig. (3) Chemical vapour deposition [11].  

5-2 Laser Ablation:  

R.Chard E . and his workers at the first time used laser ablation to get high-quality nanotubes in (1995), carbon 

target had been placed in a tube – furnace at (1200)°c, intense laser pulses ablated the target, an inert gas (He or Ar) 

flows carrying the grown nanotubes to a copper collector [15], then cooling the chamber take place, nanotubes and 
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structure like fullerenes coating on the sidewalls of nanotubes can be observed. SWNTs formed together due to Van 

der Waals forces Fig. (4).  

 

Fig. (4) Laser ablation [11] 

5-3 Arc Discharge:  

K.and H. in (1990) establish an arc discharge process, to produce a new shape of solid describe as disordered 

hexagonal packing of soccer-ball-shaped 𝐶60 molecule, which characterizes as the best quality [17]. In comparison 

with other methods, this technique causes expansion with fewer defects (in structure) due to high-temperature process 

(1700) °c. in this method synthesis CNTs can occur by two ways: a synthesis with a catalyst (different) usually with 

SWNTs, while synthesis (MWNTs) done without catalyst [18],[19]. The process involves passing a current (50 Amp) 

between two rods of graphite which placed in a container filled with gas (He or Ar) at pressure (50-700) m bar. carbon 

rods act as electrodes at a different potential, An arc generated due to moving the anode into the direction of the 

cathode, the distance between them not less (1mm), the process takes (1min), after cooling the chamber nanotubes 

can be collected. if Ni or Co or some other metals is added to anode a (SWNTs) can produce Fig. (5,6) 

 

Fig. (5) Arc discharge [11]. 
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Fig. (6) Synthesis of CNTS [2]. 

5-4 Catalyst chemical vapour deposition (CCVD):  

  This technique is characterized by large scale and low-cost production of multi-wall carbon nanotubes [19]. 

This method describes as the most attractive, flexible, economical among the most methods for (CNTs). At (2002) 

(MWNTs) growth on Fe catalyst under (atmospheric pressure) [20], this method remains affected by several 

parameters: Temperature, atmospheric, element catalyst, [21].  

        This method allows producing (CNTs) to expand on different materials. In this technique, the main 

process growing CNTs as the same as arc discharge method by exciting carbon atoms which is contact with metallic 

catalyst particles. The importance of catalyst is to reduce the decomposition temperature of carbon source and allow 

the nucleation of CNTs which is the most important factor for the preparation of CNTs. In synthesis SWCNTs, usually 

required catalysts in nano-size particles, on the other hand, synthesis MWCNTs can produce without catalyst [22]. the 

cost of (SWCWTs) production is still quite high. 

 some popular metals which describe as ( a transition metal) are usually used as catalysts in CVD synthesis of 

CNTs [23]. 

(Co, Pd, Fe, In, Na, Pt, Au, W, Co, Ti, ........) these metals and others can be used in the preparation of 

(MWCNTs) recently because of high carbon solubility in (Ni, Co, Fe) carbides can be formed m so that nucleation 

and growth of carbon atoms can be carried out [24]. "Chaisitsak, et. al." [25] formed SWCNTs using ferrocene as a 

catalyst using the floating technique of catalyst and ethanol as a carbon source. in 2002 H "Arutyunyon, et al" [26] 

prepared CNTs using methane on alumina substrates using two catalysts: Fe/Mo and Fe. Molybdenum had a 

synergistic effect also it decreased the temperature of growth [26], this is why Mo is used widely as a catalyst in metal-

supported catalysts which results in increasing the yield of (CNTs).  

5-5 Ball milling :  

  This process consists of a stainless steel container, graphite powder placed in it along with five hardened steel 

balls. the milling is carried out at room temperature for (150) hrs. with (Argon) as atmosphere, then this milling powder 

is heated up to (1400)°c for (6 hrs) under inert gas. Although the mechanism is not known yet. but it is thought that 

milling leads to nanotube nuclei, while annealing will activate the growth of nanotube. this method produces 

(MWNTs), but few of (SWNTs) [27].  
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6- Properties:  

CNTs have an extremely high surface area, high aspect ratio (relationship of width to its length), high 

mechanical strength its tensile strength is (100) times great than of steel, while its electrical and thermal conductivity 

approach those of copper [28],[29] these unique properties make CNTs to be good candidates as filler in different 

polymers and ceramics. also, CNTs describe as good field-effect transistors (FETs) [30]. 

6-1 Electronic nature of CNTs:  

  The electric conductivity of CNTs show in (Chiral form). The most parameters that greatly effects on 

conductivity are defects, chirality (degree of twist), Fig. (7) different diameters and degree of crystallinity of tubular 

structure [31,32]. CNTs can be either semiconducting or as metallic in their electric behaviour. conductivity is quite 

complex in MWNTs. it depends on the type of “armchair” [33]. The resistivity and the conductivity of SWNTs have 

been measured by placing electrodes at different regions of the CNTs, it was (10-4 ohm-cm at 27°c), This result 

confirmed that SWNT ropes are the most conductive carbon fibre. While the current density was about 107 A/cm2 

and theoretical the current should be as high as 1013 A/cm2. 

Individual SWNTs contain defects which allow to these tubes to act as a transistor [34], meaning joining CNTs 

together form a transistor-like device. also, studies reported that SWNTs can route electrical signals at high speed (10 

GHz) when used as interconnects on semi-conducting devices [35]. 

 

Fig. (7) Chirality or degree of twist [36]. 

6-2 Thermal conductivity:  

   Studies from Pennsylvania university has been reported that heat conductivity of the (CNTs) could be the 

best among other materials, very small (SWCNTs) show superconductivity below (20k) [36]. The translation is 

basically by “phono conduction mechanism  PCM" [37], mechanism “collective vibration of an atom” be still the 

basic principle in transport (energy). Two parameters which can highly negative effective in transport: firstly: CNTs 

usually formed with defects (simple vacancies) causes scattering which reduces free path of phonons, secondly, CNTs 

usually contain some contamination: forms of other carbon, catalyst residual [38]. similarly, it is very important to be 

attention whether CNTs are only bundled or coupling (CNT-CNT) which decreases conductivity [38],[39]. length free 

phonons, boundary surface scattering and numbers of phonons active [40],[41].  

6-3 Strength and Elasticity:  

  The graphite processes largest elastic modulus among any known materials [42]. This is due to carbon atoms' 

of a single sheet of graphite (a honeycomb shape), in other words, each atom is connected to three neighbouring atom 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:info@journalofbabylon.com
mailto:Journal.eng@uobabylon.edu.iq
mailto:Journal.eng@uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://www.journalofbabylon.com/index.php/JUB/issue/archive


 

Vol.29, No.3.| 2021 

 

 
 

Journal of University of Babylon for Engineering Sciences by University of Babylon is licensed under a Creative 

Commons Attribution 4.0 International License. 

7 

م
ــــــ

ج
جلــة 

ـــــــ
امعة بـ

ـــــــ
ل للعلــ

ـابــ
ــــــ

م ال
و

هندسي
م ة

ــــــ
ج

جلــة 
ـــــــ

امعة بـ
ـــــــ

ل للعلــ
ـابــ

ــــــ
م 

و
الهندسية
م 

ــــــ
ج

جلــة 
ـــــــ

امعة بـ
ـــــــ

ل للعلــ
ـابــ

ــــــ
م ا

و
لهندسية 
 

 
in

fo
@

jo
u

rn
al

o
fb

ab
yl

o
n

.c
o

m
   

|  
 J

o
u

rn
al

.e
n

g
@

u
o

b
ab

yl
o

n
.e

d
u

.iq
   

  |
   

   
w

w
w

.jo
u

rn
al

o
fb

ab
yl

o
n

.c
o

m
   

   
   

   
   

IS
S

N
: 2

6
16

 - 
9

9
16

  

by very strong bond (covalent) resulting in ultimate high strength fibres. SWNTs are stiffer than steel (100) for 

comparison and high resistance against damage with high ability to bend. It can returns to its initial state when the 

load is removed this is why (CNTs) are very useful as probe tips in probe microscopy. on the other hand young 

modulus of (SWNTs) is ( ~ 1Tera Pascale ), but this value changes depending on different experimental measurement 

technique [43], it depends on size and chirality of SWNTs, while for MWNTs it depends on the amount of disorder 

in the nanotube walls, this is expected because outer layers wall break first when (MWNTs) break.  

6-4 Electron Emission:  

(CNTs) are the best among of any material in electrical emitters due to high sharpness of their tip (very small 

tips radius curvature) even at low voltage, this is very important for devices work at very low power electrical [44].  

The current density that (CNTs) can carry reach to 1013 A/cm2, this current is quiet stable, this was observed 

by "Deher and his team" s in 1995 at EPF . Other applications use the field emission characteristics of CNs including 

lighting arrestors, electro microscope sources and low-voltage cold- cathode lighting sources [45].  

7- Dispersion of CNTs:  

Agglomeration is one of the most problems associated with CNTs due to weak intermolecular forces in various 

solvents and polymeric mediums [46] to overcome the agglomeration and bundle formation, functionalization or 

purification of CNTs is so important to enhance its degree of reactivity and homogenous dispersion. The purpose of 

purification is to remove unwanted particles which stay after synthesis process, on the other hand, “functionalization” 

produce a special group (specific) on ends of CNTs or its side [47]. There are several processes including covalent, 

noncovalent dispersion, dispersion by surfactant and dispersion by ultra-sonication. 

7.1 covalent functionalization:  

In this technique, all the wanted groups (destred) are joined to the tips or on the sidewall of carbon nanotubes 

(in an irreversible form): fluorine, p-aminobenzoic, carboxylic [48],[49],[50].This technique allows a covalent bond 

“with polymeric materials with good dispersion in different solvents, but the presences of defects on (CNTs) is a great 

disadvantage. Fig. (8). 

 

Fig. (8) Functionalization of nanotube by attachment of functional group [11]. 

7-2 Non-covalent Functionalization:  

  This technique is described as a very important technology, because it does not cause any damage and could 

modify the structure of CNTs for the highest level, it depends on secondary bonds (Van der Walls) and also 

hydrophobic (pi-pi) interaction [51].  

James M Hill and Wolfgang Bacsa [52] studies the effect of non-covalent functionalization on the interaction 

energy of CNTs, they studied the interaction energy between carbon nanotubes and those with non-covalent 

functionalization polyetheretherketone (PEEK) polymer. they confirmed that non-covalent agglomeration with 

polymers reduces the interaction energy between tubes so that agglomeration of CNTs. also reduce, Fig. (9).  
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Fig. (9) Noncovalent functionalization of CNTs with [48] : 

a: surfactants such as protein adsorbed  

b: polymers such as DNA wrapping.  

7-3 Dispersion by ultra-sonication:  

  It is an important technique to elimination agglomeration tendency of carbon nanotubes, waves provide 

especial vibrational energy to decrease agglomeration and dispersed with a polymeric material or special solvent 

[53],[54]. 

7-4 Dispersion by surfactants: 

  Using especial surfactants for carbon nanotubes dispersion has been reported in polymeric materials [54], 

dodecyl-benzene sodium sulfonate, polyethyleneglycol, sodium dodecyl sulfate are the most surfactants used to reduce 

the aggregative tendency of CNTs in solvents and water also. Studys reported that the presence of “benzene mhgs” is 

important to increase the dispersive of ficiency of CNTs [55]. In addition, the presence of naphthenic “saturated rings” 

groups give good surfactant –tube affinity. Fig. (10) Show surfactant micelles overcome the Van der Waal’s weaker 

forces. 

 

Fig. (10) Mechanism of carbon nanotube dispersion with the help of a surfactant reprinted from 

Vaisman [50] 
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8- Conclusion  

This material has great potential in different field , engineering , medicine and space.  It exceed the rest of the 

other engineering materials despite its novelty and most researches that has been carried out continuously for nearly 

two decades. the unique properties that distinguish it from other engineering materials enabled it to gain this important 

: CNTs are light weight , with high aspect ratio , small size (nm) scale , good tensile strength , thermal and electrical 

conductivity , these properties and others are eligible to be used in many engineering , medical fields . CNTs are used 

as a filler in different materials (in metals , polymers , ceramics ) , transistors , sensors , capacitors ,and actuators . On 

the other hand CNTs are also used in different field : of pharmacy and medicine.  
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