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1. INTRODUCTION

After the discovery of carbon nanotubes (CNTSs) in 1991 [1], many studies have been carried out on
their applications in the manufacture of nanoelectronic devices. Based on their geometrical shape, CNTs can
be either metal or semiconductor [2], diversifying their use in the manufacture of nanoelectronic devices such
as diodes and transistors [3-5]. In some of these applications, nanotube topological defects are used [6].
These topological defects cause a change in the chirality of the hexagonal network of carbon and thereby
change the electronic properties of nanotubes. Some examples of these defects include metal-metal, metal-
semiconductor, and semiconductor-semiconductor connections in cloud networks [7-10]. Given the reduced
scale of semiconductor components and integrated circuits to the nanometer range, the semiconductor
industry will face many challenges. Today's electronics industry is based on silicon. The history of
this industry is about 50 years and now it has reached a peak in terms of industrial and commercial
technology [11]. Therefore, alternative technologies for silicon transistors are being explored and studied.
Carbon nanotube field-effect transistor is a good option for transistor because of the possibility of further
dimensions reduction and development of new structures [12]. According to Gordon Moore, the number of
transistors used in microprocessors is doubled every 18 months. The halved dimensions of transistor gate
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with a constant size of silicon chip can be the result of this rule, known as Moore's law. This halved
dimension signaled economic messages, that is to say, the smaller the gate would be, the faster the transistor
could switch and use less energy. As a result, more transistors can be embedded in a chip. Increased number
of transistors and their efficiency can reduce the costs. Therefore, each transistor was more cost-effective to
be as small as possible. This reduction was finally stopped. Hence, alternative technologies should be come
up with for the growth of the electronics and computer industries in order to both solve previous problems
and achieve an economic justification. It was the nanotechnology that came with to help the electronics and
computer industries, establishing a new area of science called nanoelectronics [13].

The electronics industry is one of the fields in which carbon nanotubes can be widely used. With
the rapid progress of integrated circuits and approaching the end of Moore’s prediction, scientists are looking
for new ways to design circuits. After the discovery of the unique structure of carbon nanotube and its
characteristics such as very small dimensions, high mobility, and projectile transmission, the carbon nanotube
has been raised as a suitable alternative to silicon [14]. CNTs have used for the manufacture of carbon
nanotube field-effect transistor (CNFET). This transistor is one of the new technologies that scientists are
studying its great benefits and more and more studies are being conducted on this field. Benefits such as
ballistic transmission, high mobility, and low power consumption have led to the focus of many studies on
their application in electronic circuits [15]. Carbon nanotube transistors are one of the most important and
attractive options for the manufacture of electronic circuits of new generation computers. Compared to
current circuits, these transistors both have higher performance and lower power consumption. These circuits
have many applications, as they can be used for the manufacture of different devices from personal
computers and mobile phone to supercomputers. There are two major challenges in the manufacture of
carbon nanotube circuits: the presence of metal nanotubes and alignment of nanotubes. Electronic circuits
based on carbon nanotubes can be active at voltages lower than those at which silicon circuits operate.
Circuits that operate at low voltages produce less heat. The issue of heat generation is a limiting factor to
the production of high-density circuits. Because of their high speed, CNT-based electronic circuits have
gained great attention. They make it possible to install more transistors on a chip without generating much
heat. Therefore, Moore’s law will continue to be established. In addition, CNTs highly increase the system
efficiency. To solve the structural defects of nanotubes, researchers have linked them to electricity in order to
burn metal nanotubes and keep semiconducting nanotubes sound. Semiconducting nanotubes are suitable for
making chips. Using this method, researchers have managed to produce CNT-based chips.

2. CARBON NANOTUBES (CNT)

Nanotubes are based on the graphite structure, which consists of separate layers of carbon atoms
with a hexagonal arrangement. The diameter of nanotubes ranges between 1 and 2 nanometers and their
length sometimes reaches several micrometers. The ends of nanotubes can be blocked with a half of
a Fullerene, so that they can also have pentagon components at their ends [16]. However, the most important
feature that plays a role in determining the properties of nanotubes is referred to as chirality [16-19]. Despite
having a very little diameter, nanotubes have a high tensile strength of about 100 gigaPascal [17, 19].
The existence of a Van der Waals bond between the atoms is another feature of nanotubes which causes their
very low ability to stick together (unique electrical properties) in metal and semiconducting nanotubes
[16, 17, 19, 20], conductivity only in the longitudinal direction [16, 17], thermal conductivity, and field
transmission properties [17, 21, 22]. Field transmission is observed in structures with a high length-to-
diameter ratio (greater than 1000), a sharp atomic head, high thermal and chemical stability, and high
electrical and thermal conductivity [22, 23].

Graphene is one of the most important carbon materials used in nanotechnology. A graphene sheet
forms when carbon atoms are put together. If a graphene sheet is rolled around a central axis, it forms
a carbon nanotube. There are two types of carbon nanotubes as follows [24].

2.1. Single-walled nanotubes (SWNT)
Single-walled nanotubes are formed when a graphene sheet is rolled around a central axis. As shown
in Figure 1, SWNT is a hollow cylinder with a diameter of 1-2 nm.
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Figure 1. (a) Single-walled carbon nanotube (b) Multi-walled carbon nanotube [25]

2.2. Multi-walled nanotube (MWNT)

Multi-walled nanotubes (MWNT) are formed when several graphene sheets are rolled around
a central axis. As shown in Figure 2, MWNT consists of several concentric holes with a diameter of 2-25 nm
separated by a distance of 0.36 nm [25].

Figure 2. Images taken from MWNTS by an electron microscope [26]

Researchers have reported that carbon nanotubes have great elastic properties of about 1 terapascal
(1000 MPa) and a strength several times higher than hard steels in a similar weight fraction. The fiber
structure of carbon nanotubes has made them be used as a reinforcer in composite materials. Previous studies
have shown that any change in the length of carbon nanotubes relative to carbon fibers provides local
enhancement in the polymer context enclosing a carbon fiber [27]. Local stiffness caused by the presence of
carbon nanotubes improve the transfer of load in the joint part of fiber/ground. The high aspect ratio of
nanotubes causes more effective load bearing capabilities [28].

3. ADDITION OF CHEMICAL AGENTS TO THE SURFACE OF THE NANOTUBES

The addition of chemical agents to the surface of the nanotube is called Functionalization, which in
turn facilitates the use of nanotubes in various industries. Functionalization of the surface, by overcoming
the Van der Waals gravity forces in multi-walled carbon nanotubes, can prevent them from being bundled
together. If the mechanical, thermal, and conductive properties of carbon nanotubes are enhanced through
chemical improvement of the surface, applications of carbon nanotubes can be expanded to a wider
range [29, 30]. Metal nanoparticles have potential applications in various fields, especially magnetic
materials [31]. Dujardin et al. showed that high-energy materials such as metals cannot spontaneously wet
the surface of carbon nanotubes [32]. If metal nanoparticles or metal oxide can be added to carbon nanotubes
through chemical improvement of their surface, substantial changes may occur in physical, mechanical,
electrical, and magnetic properties of carbon nanotubes. As a result, they can be used in the production of
catalysts, optoelectronic devices, shielding films, electromagnetic tools, and hydrogen storage [33, 34].
Scientific findings suggest that the bonding energy between metals and CNTs is very low [35] and,
consequently, a good adhesion between them cannot be achieved, which causes increased contact resistance
and declined strength of carbon nanotubes [36]. A general method for increasing the reactivity of carbon
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nanotubes is the creation of functional groups and defects on the surface of carbon nanotubes. In fact,
functional groups on the surface of CNTs mediate the bond between the metal and carbon nanotube. Studies
have shown that the bonding energy between metals and CNTs can be greatly increased by creating
functional groups on the surface of carbon nanotubes [36]. Since crude CNT is completely neutral and has
a low reactivity level, it is necessary to create active and reactive sites in their structure using functional
groups in order to locate any compound on their surface [36]. CNT oxidation by strong acids such as sulfuric
acid or nitric acid is a desirable strategy for the formation of functional groups such as carboxyl, hydroxyl,
and carbonyl [37, 38]. The formation of the above-mentioned functional groups can change the CNT's
reactivity and improve their wettability. So far, a large number of metal nanoparticles or metal oxides such as
gold, platinum, silver, palladium, cobalt, and nickel have been added to the surface of CNTs [39, 40]. The
addition of nickel nanoparticles to the surface of CNTs aims to improve magnetic properties, reduce contact
resistance with CNT, improve catalytic properties, and increase the power of energy storage of CNTs. Other
methods such as electrochemistry and wet chemistry are also used for the substitution [41, 42].

4. SYNTHESIS OF CARBON NANOTUBES

CNTs are synthesized through three general methods of electric arc discharge, laser ablation, and
chemical vapor deposition. One of the techniques of chemical vapor deposition, referred to as combustion
chemical vapor deposition (CCVD), is the use of a simple carbon source in the gas phase and decomposing it
on a catalyst at high enough temperature. Among different methods of carbon nanotubes synthesis, CCVD is
the best and most suitable method, especially for large-scale industrial applications. This is due to the relative
ease of this method in the stages of preparation and purification and also the scalability, the possibility of
controlling the diameter, quality, and quantity of nanotubes, and high speed of production. Synthesis of
nanotubes using CCVD is a two-step process including the preparation of catalyst and nanotubes. Various
parameters affect this method such as the type of catalyst (type of metal and base), carbon source, carrier gas,
gas flow velocity, reaction temperature and time, and diameter of catalyst particles [43]. The catalyst used in
the preparation of carbon nanotubes consists of two components (metal and base). Common catalysts include
mixtures of one or two of metals such as cobalt, iron, nickel, molybdenum, and iron oxide. In addition,
uncommon metals used as the catalyst in the preparation of carbon nanotubes include aluminum,
indium, platinum, titanium, manganese, palladium, potassium, cesium, tungsten, iridium, and carbide
nickel (Ni3C) [44].

5.  APPLICATION OF CARBON NANOTUBES FOR THE ABSORPTION OF RADAR WAVES

The most common method for camouflage and hidden motion against radars is to reduce the radar
cross-section (RCS) of targets under their surveillance. The most important and simplest way to reduce
the radar cross-section is the use of radar-absorbing materials. Research on electromagnetic waves was
started in 1930 and is still ongoing [17]. In fact, the main role of radar-absorbing materials is to absorb
the waves and signals received from radar like a small electrical resistor and prevent their reflection. From
the standpoint of component parts, radar-absorbing materials are generally classified into two groups of
dielectric absorbent materials and magnetic absorbent material. Based on dielectric and magnetic properties,
absorbent materials can include ferromagnetic materials, carbon-based materials, and conductive polymers.
To improve absorption, radar absorbent nanostructures are prepared as a hybrid of magnetic and dielectric
compounds, because magnetic adsorbents are of heavyweight and dielectric adsorbents have a narrow
absorption width. To overcome these two problems with the manufacture of adsorbents, both types of
adsorbents are used together [45]. Nanocomposites that consist of a combination of carbon nanotubes and
minerals (compounds of magnetic elements) have a higher impedance matching and thus improve
the reflection loss [46]. Absorption properties of metal nanoalloys absorbing electromagnetic compounds are
better than pure metals or metal oxides. Among the various nanoalloys, iron-nickel nanoalloy, because of
stable structure and excellent electromagnetic properties as well as high magnetic permeability, has a wide
range of application in electromagnetic wave absorbers, magnetic sensors, antennas, catalysts, and magnetic
stability systems. CNTs have a low weight and a very good dielectric loss, but their use as radar-absorbent
materials is limited due to their poor magnetic properties. Nanotubes are often covered with magnetic
materials, such as ferromagnetic or superparamagnetic compounds, in order to be added to CNTs as a filler
and improve their magnetic properties [47]. Therefore, nanostructures containing CNTs modified with Fe-Ni
nanoalloy consist of materials absorbing electromagnetic waves with a high absorption potential and a very
good absorption bandwidth, due to high dielectric and magnetic loss.

Many studies have been conducted on the manufacture and evaluation of absorption properties of
radar-absorbing materials. Kegiang He et al. [48] prepared CNT/BaFe12019 composite. This composite,
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in a thickness of 3 mm and at a frequency of 10.5 GHz, has a reflection loss of -30.79 dB. Haiyan [49]
prepared a nanocomposite of CNTs filled with iron. In a thickness of 3.5 mm and at a frequency of 15.60
GHz, this nanocomposite had a reflection loss of -22.73 dB. Ghasemi [50] prepared the CNT/Strontium
composite with a reflection loss of -29 dB in a thickness of 1.5 mm and at a frequency of 9.7 GHz.
Hekmatara [51] prepared a hybrid compound of MWCNT/Fe304 which had a reflection loss of -27 dB at
a frequency of 10.6 GHz. Cell-gel is one of the methods for the preparation of microemulsion nanoparticles.
In addition, chemical vapor sequestration and chemical reduction are among the methods for the preparation
of nanocomposites containing CNTs and magnetic compounds. The chemical reduction of metal salts in
a solution using a suitable reducing agent such as H2 and NaBH4 is one of the most widely used methods for
synthesizing metal nanoparticles. This method can also be used to synthesize nanoparticles containing two
metals, where two metal salts are used and reduced. During the reduction process, different types of metals
with a higher potential reduction are firstly reduced to form a core and then the other metal covers a layer on
the core. Compared to the synthesis of single-metal nanoparticles, the simultaneous control of nucleation and
the process of reducing two types of metals with different reduction potential and chemical characteristics is
very difficult. Wang and Li [52, 53] proposed the selection of a suitable reducing agent to solve this problem.
Table 1 shows the values of electromagnetic properties of the compound synthesized with other radar-
absorbing compounds.

Table 1. The values of electromagnetic properties of the compound synthesized
with other radar-absorbing compounds

Reference Peak width Optimal reflection Frequency  Thickness Compounds
(RL<-10dB) loss (dB) (GHz) (mm)
[54] 1 -16.43 10.3 10 Ce-doped barium hexaferrite
[55] 25 -26.52 10.0 8 Carbonyl iron-graphite
[56] 2.9 -31.52 11.3 5 BaCeqosF€11.95019
[48] 4 -30.79 10.5 3 barium ferrite/CNT
[57] 2 -33.1 10.8 25 Graphite-coated Fe
[58] 2 -33 9.1 2.1 SiO,-coated carbonyl iron/polyimide
[59] 4 -43.36 11.9 2.2 Carbon nanotube composite/dielectric

(carbon nanotube) and magnetic
(Fe-Ni nanoalloy) compounds

According to Table 1, it can be stated that there is a multiple interfacial polarization and dispersion
at the surface of the nanoparticles in the nanocomposite. In addition, both dielectric loss and magnetic loss
increase in the nanocomposite and thereby electromagnetic parameters, especially reflection loss, improve.
Fe-Ni carbon nanotube nanocomposite is a suitable option as a microwave absorber.

6. DISSOLVING CNTS IN A SOLVENT AND NONLINEAR OPTICAL PROPERTIES OF CNTS

Nanofluid is a term which was first introduced by Choi in 1995 to refer to a new category of heat-
transferring fluids based on nanotechnology. Nanoparticles are made of suspending nanoparticles of
an average size of less than 100 nm in common heat-transferring fluids such as water, oil, and ethylene
glycol [60]. With a high thermal conductivity capacity or, in other words, a high latent heat, nanofluids can
be used as an energy saver in the form of latent heat. The use of fluids containing silver nanoparticles, carbon
nanotubes, or graphite causes a 5% increase in the efficiency of solar energy heat transfer systems. Magnetic
nanoparticles are used to filter certain optical waves. This property is activated by applying an external
magnetic force. Magnetic nanoparticles can be also used to sense vibrations. Studies have shown that
a vibrating ferrofluid in a static magnetic field can induce an electric voltage in an actuator coil.

Due to their unique properties including high thermal conductivity, low density, chemical stability,
and high specific surface area, CNTs are used in the manufacture of nanofluids in order to increase
the thermal conductivity of common fluids. Stability is considered the most important factor in
the production of nanofluids, because the instability of CNTs in the fluid reduces thermal conductivity.
To stabilize CNTs in polar solvents, it is necessary to make their surface hydrophile using modifying factors.
Among the methods for functionalizing the surface of CNTs, the main and the most common method is to
functionalize the beginning, end, and outer surface of CNTs. Regarding the chemistry of CNTSs, this method
consists of two covalent and non-covalent techniques. Among the available methods for functionalizing
the surface of CNTSs, the creation of oxygen-containing groups through oxidation of an acid, one of
the subsets of covalent technique, is a convenient way to improve the dispersion of CNTSs in polar fluids such
as water. Nanotubes oxidation is done using acids such as nitric acid [61], a mixture of nitric acid and
sulfuric acid [62], and a mixture of sulfuric acid and hydrogen peroxide [63], making the highest superficial
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modifications. It is very important to obtain proper and uniform dispersion and distribution of CNTSs in
a solvent. Because of the very small size of CNTSs, they tend to be agglomerated when they are dissolved in
a solvent. In order to improve the reinforcement of composites, it is a critical issue to achieve the uniform
dispersion of CNTs in the background phase. Moreover, the slipping of nanotubes not attached to
the substrate and creation of nanotube masses effectively reduces the aspect ratio of the reinforcer.
Agglomeration is of importance in the development of nanotubes by chemical vapor deposition (CVD),
because nanotubes sink into each other during growth and cause nanotube clusters. Solving the problems and
obtaining the proper and uniform dispersion of carbon nanotubes are of great interest to the researchers.
Sandler et al. achieved a uniform distribution of nanotubes in an epoxy substrate by stirring multiple times at
2,000 rpm before and after the addition of the curing agent. Other researchers have used methods such as
solution evaporation using ultrasonic at high power [64], the use of dispersing agents during the formation of
the intermediate colloidal solution [65], and functionalization of nanotubes in a polymer substrate [66]. Sun
et al. produced CNT-alumina nanocomposite in the cationic solution of polyethyleneimine (PEI) using
the colloidal method [67]. In another study, by dispersing CNTSs in the anionic solution of sodium dodecyl
sulfate (SDS) and generating negative loads on the surface of CNTs, the surface of nanotubes was covered
with alumina particles as a result of electrostatic gravity [68]. Other researchers have also used the colloidal
process to prepare CNT-alumina nanocomposites in the presence of SDS [69-71].

To study nonlinear optical properties of CNTs, they can be suspended in organic solvents.
The major problem associated with the dissolution of CNTs is that they are soluble in solvents. Hence,
MWCNTSs with carboxyl (COOH) are used. Since the carboxyl agent is easier to be solved in polar solvents,
MWCNTSs with carboxyl can be easily dispersed and suspended in organic solvents. Suspended MWCNTSs
exhibit restrictive properties, that is to say, serve as an optic restrictor. The optic restriction is an important
nonlinear phenomenon that can be used to protect fine optical devices, including the human eye, from high-
intensity laser radiation. Nonlinear absorption, which leads to optic restriction here, has already been studied
on different nanoparticles by many researchers [72].

7. CNT-BASED COBALT CATALYSTS FOR THE MANUFACTURE OF NANOELECTRONIC
DEVICES

Cobalt is a hard-ferromagnetic element colored white-silver which is glossy and fragile. As one of
the elements of the 8B group of the periodic table of chemical elements, cobalt has physical properties
similar to iron and nickel. This element is chemically active and forms many compounds. Cobalt is stable in
the air and water cannot affect it, but it is attacked by diluted acids. Many studies have been conducted on
the thermal, mechanical, and structural properties of cobalt and alloys formed with this metal. M.Jiang et al.
simulated the molecular dynamics of cobalt phase transition [73]. Chen et al. experimentally studied thermal
and mechanical properties of cobalt nanowires and its nanocomposites using the finite difference
method [74]. In another study, the electrochemical and mechanical properties of the cobalt-chromium alloy
were experimentally evaluated [75]. In an experimental study, Shi et al. showed that the addition of cobalt to
Al203/TiC can substantially improve mechanical properties and thermal shock resistance [76]. Synthesis of
hydrocarbons in the Fischer-Tropsch Synthesis (FTS) process is commonly done using active metals such as
cobalt, iron, and ruthenium [77]. Cobalt catalysts have the highest efficiency and the longest lifespan.
Compared to linear alkanes, they are more selective and can be used for the production of semi-distilled
products and also products with high molecular weight from gas synthesized of natural gas [78-80].

Because of special properties of carbon structures such as carbon fibers or carbon nano-strings and
nanotubes, they are used in catalytic applications. The use of CNTs as the base results in a better distribution
of cobalt masses [81]. Due to the highly active level and high volume of holes, more cobalt is added to
the base and the agglomeration of cobalt is lower than common bases. As a result, the selectivity of C5+
increases and the inactivation rate of catalyst reduce. The hydrocarbon efficiency resulting from cobalt
catalysts based on CNTs is considerably more than that of cobalt catalyst made on various organic and
mineral bases. In addition to high activity, the resulting catalyst has a high selectivity for heavy hydrocarbons
[81]. In the Fischer-Tropsch Synthesis (FTS) process of cobalt catalysts based on CNTSs, in addition to
the benefits mentioned, the interaction of cobalt with the base is greatly lower than conventional catalysts.
This prevents the formation of compounds with a high degree of reduction and hard reduction and causes
the reduction peaks to shift to lower temperatures, improving the reduction efficiency. However,
as mentioned in the history of catalysts [81], to achieve an optimal and continuous efficiency for catalysts
with a neutral base, there should be a good interaction between the base and the active phase in order to
prevent the glomeration of the active phase in the process of calcination, reduction, and reaction. As a result,
there will be a continuous production of hydrocarbons on these catalysts and the catalyst inaction during
the reaction will be prevented [81]. Functionalization of the surface of CNTSs is one of the effective ways to
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solve these problems in CNT-based cobalt catalysts. Functional groups on the base surface are considered
a place for the interaction of the active phase particles with the base. Therefore, it causes a better distribution
of particles and smaller size of cobalt particles. On the other hand, these functional groups cause better
interaction of the active phase with the base and prevent the glomeration of the active phase. This will
increase the lifespan of the catalyst. On the other hand, functional groups activate the hydrogen molecule and
decompose it into hydrogen atoms, resulting in hydrogen penetration (Hydrogen Spill-over Effect). They also
increase the reduction ability of catalysts and cause the reduction peaks to shift to lower temperatures. All of
the above factors will increase the catalytic efficiency and cause its selectivity to be more than C5+
compounds lower than methane [82] [83]. Since the type of base is an important factor in the activity of
the catalyst, the higher the base surface and pore volume, the higher the percentage of cobalt which can be
placed on the base. Among the various types of bases used for heterogenic catalysts, carbon materials are of
special importance due to their properties. Noble metals such as Ru, Re, Pt are widely used as elements
enhancing cobalt catalysts. The oxides of intermediate, alkaline, and alkaline earth metals have also exhibited
remarkable effects on this process [84-86].

8. CHARACTERIZATION OF BORON NITRIDE NANOTUBES FOR THE PRODUCTION OF
NANOELECTRONIC DEVICES

One of the most important properties that distinguish CNTs in the electronics industry is their
pseudo-metallic property. SWCNTs with a diameter of 1 nm can have similar behavior to both metals and
pseudo-metals. So far, the purification or controlled combination of SWCNTs have not been fully
implemented. This has made it difficult to produce nanoelectronic devices from these materials [87]. There is
another type of nanotubes named boron nitride nanotubes whose inherent pseudo-metallic behavior resolve
this problem. Boron nitride nanotubes have a high biocompatibility that makes it possible to use the parts and
tools made of them in the tissues of living creatures. As we know, transistor is a voltage-controlled current
source. To get a favorable piece with the desired efficiency, the existence of energy band gap with the
appropriate size in the materials of the piece is essential. In this regard, CNTs face two major problems: first,
the internal structure of CNTSs is such that a number of nanotubes behave like conductors (energy overlap)
and some of them behave similar to semiconductors (appropriate energy band gap for making electronic
devices). Currently, there is no technology for the purification or controlled combination of these nanotubes.
Therefore, it is not possible to precisely produce transistors from these materials with the appropriate energy
band gap [88]. Second, the energy band gap of nanotubes forming these materials is strongly influenced by
the diameter of constituting tubes. Currently, there is no technology to control the diameter of these tubes
during their synthesis [89]. This leads to low efficiency of transistors made of these materials.

The inherent semi-conductivity of the nanotubes forming boron nitride nanotubes and their
appropriate energy band gap (about 5.5 e-volts) eliminate the above-mentioned problems and make it
possible to make components with high precision and optimal function. Figure 3 shows the approximate
value of energy band gap of boron nitride nanotubes obtained from the density functional theory [90].

E(eY)

-2

- R >

Figure 3. The structure of electron bands of boron nitride nanotubes

In memories of MRAM types, there are ferromagnetic materials whose equivalent resistance varies
depending on the direction of their magnetic layers. These memories work based on the difference in
electrical resistance caused by the direction of ferromagnetic layers [91]. Because of the impossibility of
being polarized, CNTs cannot be a good option for the manufacture of these devices. By contrast, boron
nitride nanotubes, with permanent polarization (0.25 to 0.4 colons per square meter), can be one of the
possible options for making these memories.
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9. SYNTHESIS OF NICKEL OXIDE NANOSTRUCTURES FOR THE MANUFACTURE OF
NANOELECTRONIC DEVICES

Nickel oxide is a positive semiconductor (p-type) whose energy band gap is in the range of
3.4-4 eV. It has a wide bandwidth and high optic clarity in the visible area. In addition, it can act as an
electron recipient [92-96]. Nickel oxide is an important transition metal oxide with a cubic network structure.
In nanoscale, nickel oxide has better properties and, consequently, more applications compared to its
bulk [97-99]. Reduction of the particle size of nickel oxide semiconductors usually leads to the substantial
reduction in the width of capacity and conduction bands, resulting in the increase in energy band gap [100].
Very fine particles of nickel oxide are used for the manufacture of electrochromic films [101], magnetic
materials [102], alkaline battery cathodes [103], and solid oxide fuel cell anodes [104]. Very fine particles of
nickel oxide exhibit spermatogenic behaviors. If the surface-to-volume ratio for anti-ferromagnetic particles
is large enough, there will be a momentary non-zero magnetic network due to non-coupled spins in
the particle surface. As a result, the magnetic properties of this particle can be very different from the similar
bulk [105, 106-109]. It has been shown that nickel oxide nanoparticles create large compulsory fields at low
temperatures due to the anisotropy of the surface and ring transitions due to the non-coupling of the boundary
transformation between the antiferromagnetic nucleus and the irregular magnetic fields. The magnetic
behavior of nickel oxide particles is very complex and is strongly influenced by temperature, nucleus
particles size, surface, and boundary [110-114].

Nickel oxide possesses chemical sensitivity, especially as a negative electrode, in lithium batteries
and, hence, it is important to produce its nanostructure [115, 116]. Implementation of the nickel oxide cycle
has a higher return capability than other transitional oxides such as cobalt oxide and copper oxide and, as
a result, the producing batteries are less expensive. Production of semi-porous carbon materials using nickel
oxide nanoparticles causes remarkable improvement in their properties to be used in the manufacture of
catalysts, sensors, and advanced electrode materials. There are various methods for synthesizing NiO
nanoparticles such as thermal decomposition [117], hydrothermal [118], coprecipitation [119], cell-gel [120],
and microemulsion [121]. Wang et al. [122] produced copper nanostructure film using electrostatic
deposition on a copper substrate. Then, placed the coating at a temperature of 350°C for one hour, so that
a layer of copper oxide is formed on its surface. Their results showed that this coat is highly hydrophile at
first but it turns into a highly hydrophobic state with a degree of 156° after being placed at the ambient
temperature for 3 weeks. They proposed that the reason for this change is the physical absorption of oxygen
molecules on the surface of copper oxide. Tian et al. [123] created a cover of nickel on copper through
electrical deposition and then applied Ni-P alloy on nickel nanostructures using the electroless method.
The resulting nickel coating had a cone-shaped structure with a wetting angle of 135°. Geng et al. [124]
produced a superhydrophobic nickel coating with a micro-nano hierarchical structure by two stages of
electrical deposition and observed a change in the wetting behavior of the coating from superhydrophilicity
to superhydrophobicity over time. They attributed this change in the wettability behavior of these coatings to
the formation of nickel oxide on the surface of the coating.

10. NANOSWITCHES
Nowadays, nanoswitches and nanoactuators are one of the most important components of
nanoelectromechanical systems because of their numerous benefits such as low cost, low energy waste, low
power requirements, high deformability, and relatively easy construction. The efficiency and function of
an actuator are highly dependent on its geometry and type of materials used in the design of the actuator or
the deformable part. Beam-like nanoactuators are widely used for their simplicity compared to other
geometric shapes. The beam used in these systems is usually one-head clipper or two-head clipper. Silicon,
silicon nitride, carbon nanotube, plutonium, and gold are commonly used for the construction of the actuator
part. Considering the recent advances in the science of making various materials, nanomaterials are highly
recommended to be used in the manufacture of nanoactuators and microactuators. The main components of
an electromechanical nanoswitch are shown in Figure 4. These components are as follows:
— Source electrode: Displayed with S, this electrode connects to the source voltage.
— Gate electrode: Displayed with G, this electrode actuates the switch through an electrical connection.
— Drain electrode: Displayed with D, this electrode causes the electrical current to pass through after
switch actuation.
— One-head clipper beam: A bridge that is used to transfer electrical current from the source electrode to
the drain electrode.
— Insulating layer: Silicon dioxide is commonly used
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Figure 4. The structure of an electromechanical nanoswitch [125]

The three forces that play a major role in the function of electromechanical nanoswitches include
electrostatic, elastic, and Van der Waals. Electrostatic force, by applying electrical voltage and creating
opposite charges on two sheets, creates an electrical force between them that causes the plates to be absorbed.
The elastic force is like a spring that returns to its original state after lengthening and VVan Der Waals force is
a force that links the molecules of a substance in liquid or solid state. When the potential difference is applied
between electrodes G and S, opposite charges in the beam and Electrode G cause the formation of
the electrostatic force (Figure 5). With increased electrical voltage, electrostatic force overcomes the elastic
force of the beam and causes the bending and connecting of the end of the beam to the electrode D.
According to Figure 6, the switch is on and the electrical current is transferred from the electrode S to
the electrode D. When the voltage is disconnected in the electrode G, the elastic force causes the beam to
return to the initial state and the switch turns off (Figure 5) [126].

Elastic

I

Figure 6. The on mode [125]

CNTs play a major role in the structure of electromechanical nanoswitches. Because of their
exceptional physical properties, CNTs have caused many advances in nanoelectromechanical systems, such
as the manufacture of a variety of memories sensors with a high sensitivity.
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11. TRANSISTORS BASED ON GRAPHENE AND CARBON NANOTUBES

Transistors are the main electronic components used as amplifiers in analog circuits or electronic
switches in digital circuits. The first field effect transistors based on CNTs were inverted a few years after
the discovery of carbon nanotubes. In the simple elementary structure as shown in Figure 7, two metal
connections play the role of source and drain electrodes and the carbon nanotube serves as the transistor
tunnel, which is separated by a layer of oxide from a high-density silicon substrate. In this electronic part,
the silicon bed plays the role of the back gate. Then, an upper gate transistor was introduced which is suitable
to be used in integrated circuits [127-130].

" -
s I:D J : High-k D ‘
Sio, SiO
§ v+ High-k ... D l s High-k D
hﬁ I T
SiO, SiO,

Figure 7. A cross-section of 4 different structures of carbon nanotube-based transistors; (a) back gate with
doped silicon bed of p-type (b) a combination of upper and back gates (c) a combination of upper and back
gates with nanotubes and impurities (d) CNTFET with upper gate and covered tunnel

Like transistors based on carbon nanotubes (CNTFET), there was a short time between
the discovery of graphene in 2004 and the construction of graphene-based transistors, as the first graphene
field effect transistors were produced only three years after the discovery of graphene in 2007. These
transistors are like transistors based on carbon nanotubes with a difference that their canals are filled with
graphene instead of CNT as shown in Figure 8.

graphene

source

Si backgate
SiO, dielectricgate R

Figure 8. Graphene field effect transistor with a back gate

Unrivaled properties of graphene such as high electron mobility and thermal conductivity, resistance
to fraction, low light absorption, and appropriate bandgap make it possible to make high-speed electronic
components and flexible and transparent electronic circuits. Graphene transistors, like CNTFET, can have
a variety of back gates and combined gates (upper and lower) [131, 132]. Single-layer graphene field effect
transistors with an energy band gap of zero and two-layer ones with finite energy band gap have been
theoretically studied and their characteristics have been reported by many studies [133-141]. With
a honeycomb structure of an atomic layer width, graphene was mechanically separated from graphite for
the first time in late 2004 [142]. Due to high mobility and two-dimensional structure, this material is very
suitable for use in electronics. Since graphene has an energy band gap of almost equal to zero, it is necessary
to create energy band gap in its structure before use in the channel of field effect transistors. This can be
achieved by converting graphene into graphene nanoribbon (GNR), which can be easily done using
the available standard lithography techniques. GNRs do not have the problem with chirality control that is
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observed in CNTs [143, 144]. GNR-based field effect transistors can be also divided into three categories
including Schottky-barrier-type Graphene nano-ribbon field-effect transistors (SB-FET), metal-oxide-
semiconductor field-effect transistors (MOSFET), and tunnel field-effect transistors (T-FET). In MOSFET
structures, the lighting flow is of the thermal type. With the change in the gate voltage, the potential barrier is
modulated in front of carriers moving from the source to the canal and the flow will change. Depending on
the width of tunneling area in the drain and source side, the offset flow in the MOSFET structure is of band-
to-band tunneling (BTBT) type. In tunnel structures, the on and off currents both are of BTBT type. Due to
the nature of flow in tunnel structures, tunnel transistors have a much more appropriate subthreshold swing
compared to MOSFET structures. However, both tunnel and MOSFET structures suffer from
an inappropriate ambipolar flow. Many methods have been used to engineer the structure of CNT-based
field-effect transistors [145-147], such as the use of a linearly-arranged area in the source and drain
side [145], the use of light-arranged areas in the source and drain side [146], and ochmic-Schottky asymmetric
structure [147]. All these methods improved the device performance in terms of off flow, the ratio of the on
current to the off current (on/off), inherent delay (t), and PDP. In addition, there are structures with
the electrical arrangement in the source and drain areas [148-150]. Instead of using an arrangement in
the source or drain areas, a gate with a suitable constant voltage is used in these areas in the above-mentioned
structures. The use of areas with electrical arrangement creates a step in the energy band structure which
leads to increased tunneling area width and reduced ambipolar flow in MOSFET structures. In addition,
the creation of a potential step reduces the effects of a short canal. Hence, these structures are called
MOSFET transistors with the electrical arrangement in the source and drain areas. This has been also studied
in other studies [149] [150]. GNR-based field-effect transistors with a channel consisting of an array of
graphene nanoribbons have been modeled and its electrostatic potential distribution was calculated by
solving the Poisson equation [151].

12. NANO-ANTENNAS

The idea of turning solar energy into electricity was first proposed by Bailey [152]. Yet due to
inability in making nano-scale structures, his idea was not commercially used until 2005. However, in recent
years with the advancement in Nano technology and the possibility of constructing nanometer antennas and
rectifiers, it has been proposed that solar rectenna systems could be a substitute for current photovoltaic
panels for making electricity. The idea behind harvesting solar energy using nanoantennas is based on
the fact that when solar electromagnetic waves hit the nanoantenna, an alternating current is produced on
the antenna and as a result a voltage is created at the feed gap. Therefore by inserting a suitable rectifier at
nonoantenna’s feed point, the desired DC current can be obtained. Such solar energy systems which include
a nano-sized antenna and rectified are known as “Rectenna solar cell”. Nanoantennas normally consist of one
or two metal nanoparticles placed at a distance of a few nanometers from the molecule. Given the extensive
application of nanoantennas in modern technologies, much research has been conducted in recent years on
their functionality, usage and modeling [153-159]. Enhancing the efficiency of solar cells [160],
sensors [161] and molecules fluorescence rate [162, 163] are some of the usages of nanoantennas. In
the fluorescence rate increase phenomenon, the nano-antenna acts as a two-way antenna: It first drastically
increases the excitation rate by amplifying the electric field of the light shone around it (the location of
the molecule) and then through a significant increase in decay rate of the molecule (transition from excited
level to ground level) the molecule’s radiation capability is enhanced so much that molecule signal detection
becomes possible. This process is based on formation of Surface Plasmon localized in the metal nanoparticle
(gold, silver, etc). Surface Plasmon refers to the group fluctuations of electrons inside the nanoparticle under
the influence of incident light, and it depends on the shape, material, nanoparticle’s size and permeability
coefficient of the surrounding environment. However the energy dissipation inside the metal nanoparticle in
the optical area is not negligible. Therefore, in designing nanoantennas various parameters must be carefully
adjusted so that maximum fluorescence rate boost can be achieved with minimum energy dissipation. Several
general principles have been suggested for designing nanoantennas, including adjusting the shape of
nanoparticle, [154, 155], the nanoparticle substance [156], and the use of coupled nanoparticles [157].
The results of the modeling conform with the results of laboratory tests conducted for this purpose [159].

To increase the efficiency of solar cell technology it is proposed that optical nanoantennas with
a suitable rectifier could be used at the nanoantenna’s feeding point, together they form a single unit called
Rectenna. Conventional solar cells can achieve 30% efficiency at best, whereas nanoantennas are capable of
reaching 100% efficiency in theory [164]. Nanoantennas have many applications in the frequency range of
visible and infrared light, and therefore they make it possible to increase the interaction between light rays
and nano-scale material [165]. Nanoantennas are a hew concept in optical physics and they function similar
to radio and microwave antennas. In using optical antennas the goal is to convert free space radiation energy
into a localized energy and vice versa [166]. Figure 9 shows different types of nanoantennas.
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CREOL-IR

Figure 9. Different types of nanoantennas including; a) circular spiral, b) bipolar,
¢) square spiral, d) array [166]

Nanoantennas do not need a tracking system to follow sun’s movement as they have a high capacity
for angular absorption. And thus they retain a high efficiency even when the sunrays come at an angle [167].
The system can even absorb the energy reflected from the ground, in the other words the earth's thermal
radiation, which is caused by sunshine during the day, occurring over the wavelengths of 10 micrometers
(at frequencies of 30 terahertz), therefore the solar rectenna system can collect these radiations to produce
electrical energy even at night or in bad weather conditions [168].

To convert alternative signals to DC a rectifier with proper power needs to be connected to
the nanoantenna. At present, no rectifier can operate at very high frequencies (more than 30 terahertz).
A Schottky diode which is a semiconductor diode with low voltage drop and a rather fast switching action
has the ability of rectifying and detecting signals of up to 5 terahertz [169]. The most common rectifier used
in solar rectenna cells is the MIM diode (Metal Insulator Metal Diode). This diode consists of a thin
insulating layer of several nanometers in width placed between two metal electrode plates. The input signals
are rectified based on electron tunneling process through the insulation layer. Due to the femtosecond
tunneling time of an electron through a barrier and a drastic increase in response speed, the MIM diode can
be used as an alternative to a Schottky diode in the infrared and visible light frequency range [169]. The MIM
diodes have had a reasonably good performance in converting terahertz signals to DC output [169].

Certain conditions are needed for the rectifying process to happen, for instance the thickness of
the insulating layer of the MIM diode should ensure the occurrence of the tunneling effect, while the passage
of electric current should be very small and only a few nanometers. Moreover the area of the insulating layer
needs to be very small so as to increase the diode cut-off frequency [170]. According to (1) the cut-off
frequency of a MIM diode depends on the diode’s resistance (Rp) and its capacitance (Cp) [171].

fC=1/(27'CRDCD) (1)

Since the diode's resistance value depends on its manufacturing process, the only determining
parameter for MIM diode’s cut-off frequency is the diode’s capacitance value as expressed in (2) [169]:

CD=(gre0A)/d 2

& refers to the relative permittivity of the insulating layer used in the MIM diode and o denotes free
space permittivity, A and d are the area and the thickness of the insulating layer respectively.

As shown by (1), in order to achieve a high cutoff frequency, and consequently rectifying
the terahertz frequencies of the infrared and visible regions, it is necessary to have a very low diode
capacitance; therefore, according to (2), this can be achieved by either reducing the area of the insulating
layer (A) or increasing its thickness (d).
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However, increasing the thickness of the insulating layer decreases the tunneling probability of
the MIM diode and therefore its response speed; on the other hand, although minimizing the insulation area
would increase the diode’s cut-off frequency and thus improve its performance in rectifying terahertz
frequencies, but it would also make the manufacturing process complicated due to a few-nanometer
structure [169]. Figure 10 shows an MIM diode connected to a nanoantenna. Nowadays, nano transfer
printing or electron beam lithography methods are used to make MIM diodes, which can convert signals of
up to 30 terahertz to DC [164].

MIM Diode

Insulator Layer

Figure 10. MIM diode connected to nanoantenna [172]

Another category of antennas is the graphene reflectarray antenna, an example of which is presented
in [173]. Nanoantennas tend to have a much more significant amplifying effect on the fluorescence signal of
molecules with quantum efficiency lower than one. Due to noise and other technical problem it is not
possible to measure the fluorescence signal of a single molecule. But, this signal can be amplified several
thousand times by using a nanoantenna in such a way that it can be measured by conventional detectors.
For the first time, researchers at the Nano-optics department of ETH University managed to place a molecule
at controlled intervals from a gold nanoparticle and measure fluorescence enhancement as a function of
the molecule’s location [159].

Microstrip antennas are one of the most widely used antennas in the terahertz band due to their
strength, simplicity and low cost. Therefore choosing a microstrip antenna can be a good option for
implementing nanoantennas in the terahertz band [174]. A graphene-based microstrip antenna with
micrometer dimensions is able to resonate in the terahertz band. Furthermore by changing the graphene’s
chemical potential, we can easily change the resonant frequency of the antenna in a wide range of terahertz
band [175]. In the [174] study, graphene was suggested as a general method for designing nano-based
terahertz antennas. Akimov et al. [176] experimentally showed a 2.5-fold increase in the emission of a single
quantum dot for the SPP mode of silver nanowires. Kihn et al. [177] reported a 20-fold increase in
spontaneous emission by placing a single molecule in the LSP mode of a gold spherical nanoparticle. Further
efforts to develop the designs improved the Purcell factor.

For example, Kuttge et al. [178] predicted the value of 2000 for the Purcell factor of a nano-cylinder
made of Ag/SiO2/Ag. The quality factor of this cavity was reported as 32 and its mode volume was 0.0026
(A /2n) 3. By making a V-shaped groove in a gold cube Vesseur et al. [179] managed to design a nanocavity
with a quality factor of 10 to 50 and mode volume of 0.006 (A / 2n) 3. The Purcell factor of this plasmonic
nanocavity was predicted to be more than 2000. In their experiments Kinkhabwalas et al. [180] reported
a 1340-fold increase in the fluorescence radiation of organic molecules in a system which included gold
bowtie nanoantennas. For an emitter at the center of the golden bowtie nanoantenna Rogobete et al. [181]
theoretically predicted a radiant emission increase of 1700 at 870 nm wavelength. Mohammadi et al. [154]
examined the effect of the shape and size of gold nanoantennas on Purcell factor’s value and Plasmon
wavelength. In the research [182], the plasmonic bowtie nanoantennas (in form of two opposing prisms) were
designed to enhance the electric field and the Purcell factor of the quantum dot emitters InGaN / GaN in
the green region. The results showed that aluminum bowtie nanoantennas with a prism length of 63.6 nm,
thickness of 30 nm, a vertex angle of 30 ° and the gap of 20 nm, when grown under a gallium nitride layer
will have a Purcell factor of 81 at 535 nm wavelength. If, instead of gallium nitride-glass, aluminum nitride-
glass is used the Purcell factor reaches 86.3 and resonance wavelength becomes 495 nm. Among the four
metals (gold, silver, copper and aluminum) studied, the highest Purcell factor belongs to gold nanoantennas,
nevertheless given the wavelength of the quantum dots InGaN / GaN in the green region, the best
choice is Aluminum nanoantenna.
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13. NANO PIEZOELECTRIC

The term piezoelectric refers to the electricity produced by pressure. Piezoelectrics are materials that
when pressed or stressed, will produce electric charge on certain surfaces. Piezoelectric phenomenon is one
of the most unusual features of certain ceramics. The bipolars of the ceramic are stimulated into creating an
electric field when external force is applied [183]. A complete formulation of piezoelectricity was done by
Pockels and Duhem [184]. The advancement of nanotechnology has made it possible to manipulate
piezoelectric effects at nanoscale level. Given their electric-mechanical energy conversion characteristics,
Piezoelectric composites have found a wide range of applicability in sensors and operators to control various
systems. Piezoelectric composites have drawn much attention in the quest for simultaneous metal-ceramic
properties found in inorganic nano composites such and nanowires, nanotubes, nanorings and nanostraps.
Piezoelectric composites acquire isotropic properties around the axis along which they are polarized [185].

Korayem and Ghaderi studied the vibrating motion of piezoelectric microbeams in non-contact
mode and obtained the non-linear microbeam response near sample surface by using multiscale numerical
solution. They also made use of the Sobel method and examined the effect of microbeam geometric
parameters on its vibrational behavior [186]. An analysis on nano-wires and nanobelts was done by
Wang [187]. Park et al. [188] studied the thin layer of barium-titanium film in nano-generators. While Galan
et al. [189] investigated the effect of zinc oxide nanowire on the resistance of carbon coated nanowire.
Research [190], dealt with the analysis of free vibration and Timoshenko nanobeam bending of functionally
graded Piezoelectric by using strain gradient theory. Research [191], studied the thermo-mechanical bending
of nanoplates on an elastic bed in a humid environment. An analysis of nonlinear bending of orthotropic
nanoplates in elastic forms has been done in [192]. Simsek and Yurtcu [193] have provided an exact solution
to the bending and buckling of functionally graded nanobeams based on the Timoshenko beam theory. Also,
Hosseini-Hashemi et al[194]. Worked on the exact solution of rectangular nanoplate free vibration based on
the first-order shear deformation theory. Wang et al. [195] investigated the propagation of waves in
alternating layered nanostructures. Sobhy [196] analyzed multi-layer graphene shells under different
boundary conditions using bivariate plate theory. Liu et al. [197] offered the exact solution of the free
vibration of piezoelectric composite nano-plate based on the classical plate theory, along with the effects of
the nanoscale coefficient and thermos-electro-mechanical loads on the natural frequencies of the piezoelectric
composite nanoplate. Arani et al. [198-201] focused their studies on the nonlinear bending- buckling
behavior of Boron nitride nanotube using beam, plate and shell models. Studies [202-204] investigated the
free vibration, nonlinear vibration, and thermos-electro-mechanical post-buckling in piezoelectric nanobeams
based on Timoshenko beam theory using nonlocal theory. L.L.Liu et al. [205] studied the analytical solution
for piezoelectric composite nanoplate based on the first order shear deformation theory, using nonlocal
theory and the effect of the measurement scale and thermos-electro-mechanical loads on natural frequencies.

Research [206] studied the bending and free vibration of thick isotropic plates based on exponential
shear deformation theory. They also performed a stress analysis on thick laminated plates based on
trigonometric shear deformation theory [207]. Torsional vibration analysis of the thick plate was done in
study [208] based on the exponential shear deformation theory. Soares [209] presented trigonometric shear
deformation theory for isotropic composite laminated and sandwich plates. Liu et al. [197] presented
the exact solution of free vibration of piezoelectric composite nanoplate based on the classical plate theory,
along with the effects of the nanoscale coefficient and thermos-electro-mechanical loads on the natural
frequencies of the piezoelectric composite nanoplate. L.L. Liu et al. [205] also studied the analytical solution
for piezoelectric composite nanoplates based on the first-order shear deformation theory and by using
nonlocal theory and the effect of the size scale and thermos-electro-mechanical loads on the natural
frequency. Tounsi et al. [210] studied the thermos-elastic bending of functionally graded sandwich plates
using the trigonometric theory, the development of a trigonometric shear deformation theory for analyzing
the free vibration of a symmetric laminated composite plates was investigated by Rango et al. [211].
Khorshidi and Fallah [212] studied the buckling of the functionally graded nanoplates using exponential
shear deformation theory based on the theory of nonlocal elasticity. Also Khorshidi et al. [213] analyzed the
free vibration of a functionally graded nanoplate using exponential shear deformation theory.

14. CARBON NANOTUBE-BASED NANOCOMPOSITE MAGNETITE

Magnetite nanoparticles are very sensitive due to their high surface area, and the presence of Van
der Waals forces and magnetic force among them leads to their concentration. Therefore, it is necessary to
modify the nanoparticles’ surface using organic or inorganic materials [214]. In recent years, much research,
especially in the field of nanotechnology, has gone into the study of magnetite synthesis with different shapes
and sizes, and so far various forms such as nanowires, nano-spheres and hollow nanostructures have been
synthesized and analyzed by researchers [215-219]. Employed the solvothermal method to produce spherical
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magnetite nanostructures using iron chloride precursor and applied Polyvinylpyrrolidone (PVP) as
a protective agent and sodium acetate as a precipitating agent for the resulting nanostructures [220].
Studies [221, 222], also made use of carbon nanostructures to enhance the performance of spherical iron
oxide nanostructures, and produced a composite of carbon-based iron oxide by carbon coating the spherical
magnetite surfaces.

The researchers In the studies of [221, 222], used carbon nanotubes to enhance the performance of
spherical iron oxide formations and thus by creating a carbon coating on surface of spherical magnetite they
could produced composite magnetite from iron oxide based on carbon. In recent years, carbon nanotubes
have been considered as a carbon allotropic with unique and directional properties. In particular, carbonate
nanotubes (Fes04-CNTSs) have significant properties and are used extensively in the production of magnetic
dyes [223], lithium ion batteries [224, 225] and printer inks [226].

In research [227] carbon nanotubes-based magnetic nanocomposite (Fes0s-CNTSs) was synthesized
using the solvothermal method. The research, uses various characterization tools to analyze the structure of
nanocomposite Fes04-CNTS, including Transmission Electron Microscope (TEM), X-ray diffraction (XRD),
Fourier- Transform Infrared Ray (FTIR), Magnetometer (VSM) and Zeta Potential. Based on TEM and XRD
results, the size of magnetite particles and crystals was found to be about 150-250 nm and 7.3 nm,
respectively. After reviewing the results of VSM analysis in this study, it emerged that the resulting
nanocomposite has paramagnetic properties that can be applied in the electronics and computer industry;
furthermore the thermal behavior of the water-based magnetic nanofluid Fe;0s,-CNTs was studied in
the presence of a magnetic field. The results show a 30% increase in the nanofluid heat transfer coefficient
after an increase in the magnetic field intensity of about 2.3 mT, which suggests a possible application in
cooling of electronic devices.

15. CONCLUSION

With the rapid progress of science and industry and the growing need for small and fast electronic
components with low power consumption and also physical constraints silicon-based technology,
nanoelectronic devices have been continuously considered one of the best options. In the meantime,
nanotubes have always been at the center of attention of today's scientific communities as the raw material
for producing these devices. Developments and advancements in the field of nanoelectronics, have greatly
solved problems and limitations in this regard. Because of desirable electronic properties, carbon-based
nanometric structures have been to the interest of researchers in recent years and is considered a suitable
alternative to silicon structures such as transistors. Considering the properties of CNTs and the lack of
an advanced purification technology, CNTs are an excellent choice for use in the nanoelectronics and
computer industries because of intrinsic semiconductivity and high chemical resistance. However, it is
noteworthy that the exact dimensions of all properties of nanotubes are not yet known. One of the most
prominent features of CNTSs is increased surface-to-volume ratio in microchips and memories. For example,
if about a hundred million keys can be placed in one square centimeter chip of semiconductor type, about
a trillion keys can be embedded in one square centimeter of a CNT-based chip. Studies have shown that very
small structures with very low energy consumption and high power and efficiency can be produced by
incorporating nanotechnology with the processes of manufacturing electronic devices. The present paper
aimed to study applications of nanotechnology in the electronics and computer industry and evaluate
the structure and properties of nanotubes as one of the options for the manufacture of nanoelectronic devices.
Development of multifunctional electric nanostructures can have profound and great effects on studies in
the area of electronics and introduce new engineering applications. Therefore, many research opportunities
will be provided for the future. The present research dealt with the relationship between nanoelectronics and
computer and electronic systems.

REFERENCES

[1] Z.S. lijima, "Helical microtubules of graphitic carbon," Nature (London), vol. 354, pp. 56-58, 1991.

[2] J. Charlier, X. Blase, S. Roche, "Electronic and transport properties of nanotubes,” Rev. Mod. Phys., vol. 79,
pp. 677, 2007.

[3] S.G.Lemay, etal., "Two-dimensional imaging of electronic wavefunctions in carbon nanotubes,” Nature, vol. 412,
pp. 617-610, 2001.

[4] L. C venema et al., "Imaging Electron Wave Functions of Quantized Energy Levels in Carbon Nanotubes,"
Science, 283, 52, 1999.

[5] S.J. Tans, A. R. M. Verschueren, C Dekker, "Room-temperature transistor based on a single carbon nanotube,"
Nature (London), 393, 49, 1998.

[6] P. G. Collins, A. Zettl, H. Bando, A. Thess, R.E. Smalley, "Nanotube Nanodevice," Science, vol. 278,
pp. 100, 1997.

[7] W. Lu, EG. Wang, H. Guo, "Quantum conductance of a carbon nanotube superlattice,”" Phys. Rev. B., vol. 68, 2003.

Application of carbon nanotubes CNT) on the computer science and ... (Hossein Kardan Moghaddam)



76 0 ISSN: 2089-4864

[8] W. Jaskélski, S. Stachéw, L. Chico, "Band sructure and quantum conductance of metallic carbon nanotube
superlattices," Acta Phys. Pol. A, vol. 108, pp. 697, 2005.

[9] M. S. Fuhrer, J. Nygard, L. Shih, M. Forero, S. G. Louie, A. Zettl, P. L. Y. G. Yoon, M. S. C. Mazzoni, H. J. Choi,
J. Thm, McEuen, "Crossed nanotube junctions," Science, 288, 494, 2000.

[10] L. Chico, L. X. Benedict, S. G. Louie, L. Cohen, "Quantum conductance of carbon nanotubes with defects," Phys.
Rev. B., vol. 54, 1996.

[11] G. Amaratunga, "Watching the nanotube," IEEE Spectrum, pp. 28-32, 2003.

[12] Meenakshi Mishra, and Shyam Akashe, "High performance, low power 200 Gb/s 4:1 MUX with TGLin 45 nm
technology," Appl Nanosci, 2014.

[13] Anas N. Al-Rabadi, "Carbon nano tube (CNT) multiplexers for multiple-valued computing,” FACTA
UNIVERSITATIS (NI'S ) SER.: ELEC. ENERG., vol. 20(2), pp. 175-186, 2007.

[14] S. Das, S. Bhattacharya, D. Das, "Design of transmission gate logic circuits using carbon nanotube field effect
transistors,” Proc. National conference on Advanced Communication Systems and Design Techniques,
pp. 75-78, 2011.

[15] S. Das, S. Bhattacharya, D. Das, "Performance evaluation of CNTFET-based logic gates using verilog-AMS,"
Proc. National Conference on Electronics, Communication and Signal Processing, pp. 85-88, 2011.

[16] Mildred D., Gene D., Peter E., Richiro S., "Carbon nanotubes," Physics World, no. 1, 1998.

[17] Nanotechnology Opportunity Report II.

[18] Thomas A. A., "Physical properties of carbon nanotubes," Science, Engineering and Technology, 2000.

[19] Hongjie D., Tom G., "An introduction to carbon nanotubes,” Polymer Interfaces and Macromolecular
Assemblies, 2003.

[20] Sigma Aldrich, "Fullerenes and Carbon Nanotubes-Structure,” Properties and Potential Applications.

[21] Philip G. Collins and A. Zettl, "Unique characteristics of cold cathode carbon-nanotube-matrix field emitters,"
Phys. Rev., pp. 9391-9399, 1997.

[22] Saito R., Dresselhaus G., Dresselhaus M. S., "Physical Properties of Carbon Nanotubes,” IEEE Electrical
Insulation Magazine, pp. 272, 1998.

[23] Julian H. G., Milo M. S. , Molly M. S., "Nanofibrous materials for tissue engineering. journal of experimental
nanoscience," vol. 1(1), p. 1, 2006.

[24] [Online]. Available: http://edu.nano.ir/oldversion/index.php?actn=pap.

[25] [Online]. Available: http://jnm.snmjournals.org/content/48/7/1039.full.

[26] R. Fiala, "Study of new anode materials for methanol polymer fuel cells (in Czech)," MFF, KFPP, 2010.

[27] L. W. Z. Thostenson E T, Wang D Z, Ren Z F and Chou T-W, "Carbon nanotube/carbon fiber hybrid multi-scale
composites,” in J. Appl. Phys., vol. 91, 2002.

[28] C. T-W, Microstructural Design of Fiber Composites, Cambridge University Press, 1992.

[29] E. Dujardin, T.W. Ebbesen, H. Hiura, and K. Tanigaki, "Capillarity and. wetting of carbon nanotubes," Science,
vol. 26, pp. 1850-1852, 1994.

[30] Y. Tang, D. Yang, F. Qin, J. Hu, C. Wang, and H. Xu, "Decorating multi-walled carbon nanotubes with nickel
nanoparticles for selective hydrogenation of citral,” J. Solid State Chem, vol. 182, pp. 2279-2284, 2009.

[31] Ch. He, N. Zhao, Ch. Sh. Shi, J. Li, and H. Li, "Magnetic properties and transmission electron microscopy studies
of Ni nanoparticles encapsulated in carbon nanocages and carbon nanotubes,” Mater Res Bull, vol. 43,
pp. 2260-2265, 2008.

[32] E. Dujardin, T.W. Ebbesen, H. Hiura, and K. Tanigaki, "Capillarity and wetting of carbon nanotubes," Science, vol.
26, pp 1850-1852, 1994.

[33] Y. Tang, D. Yang, F. Qin, J. Hu, C. Wang, and H. Xu, "Decorating multi-walled carbon nanotubes with nickel
nanoparticles for selective hydrogenation of citral,” J. Solid State Chem, vol. 182, pp. 2279-2284, 2009.

[34] H. S. Park, T. J. Park, Y. S. Huh, B. G. Choi, S. Ko, S. Y. Lee, and W.H. Hong, "Mabilization of genetically
engineered fusion proteins on gold-decorated carbon nanotube hybrid films for the fabrication of biosensor
platforms,” J. Colloid Interface Sci., vol. 350, pp. 453-458, 2010.

[35] P. Ayala, F. L. Freire, L. Gu, D.J. Smith, I.G. Solo rzano, D.W. Macedo, J.B. Vander Sande, H. Terrones,
J. Rodriguez-Manzo, and M. Terrones, "Decorating carbon nanotubes with nanostructured nickel particles via
chemical methods," Chem. Phys. Lett, vol. 431, pp. 104-109, 2006.

[36] H.L. Zhuang, G.P. Zheng, and A.K. Soh, "Interactions between transition metals and defective. Carbon nanotubes,"
Comp. Mater. Sci, vol. 43, pp. 823-828, 2008.

[37] P. Martis, B. R. Venugopal, J. Delhalle, and Z. Mekhalif, "Selective decoration of nickel and nickel oxide
nanocrystals on multiwalled carbon nanotubes,” J. Solid State Chem, vol. 184, pp. 1245-1250, 2011.

[38] S. Kundu, Y. Wang, W. Xia, and M. Muhler, "Thermal stabiliy and reducibility of oxygen-containing functional
groups on multivalled carbon nanotube surfaces: A quantitative high-resolution XPS and TPR/TPR study," J. Phys.
Chem. C., vol. 112, pp. 16869-16878, 2008.

[39] N.T. Hung, I.V. Anoshkin, A.P. Dementjev, D.V. Katorov, and E.G. Rakov, "Functionalization and solubilization
of thin multiwalled carbon nanotubes," Inorg. Mater, vol. 44, pp. 219-223, 2008.

[40] J. Chen, M. Wang, B. Liu, Z. Fan, K. Cui, and Y. Kuang, "Platinum catalysts prepared with functional carbon
nanotube defects and its improved catalytic performance for methanol oxidation,” J. Phys. Chem. B., vol. 110,
pp. 11775-11779, 2006.

[41] Y. Wang, X. Xu, Z. Tian, Y. Zong, H. Cheng, and C. Lin, "Selective heterogeneous nucleation and growth of size-

controlled metal nanoparticles on carbon nanotubes in solution," J. Chem. Eur., vol. 12, pp. 2542-2549, 2006.

Int J Reconfigurable & Embedded Syst, Vol. 9, No. 1, March 2020 : 61 — 82



Int J Reconfigurable & Embedded Syst ISSN: 2089-4864 a 77

[42]
[43]
[44]

[45]

[46]

[47]

(4]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]

[58]

[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]
[67]
(68]
[69]

[70]
[71]

[72]

[73]

P. Azadi, R. Farnood, and E.Meier, "Preparation of multiwalled carbon nanotube-supported nickel catalysts using
incipient wetness method,"” J. Phys. Chem. A., vol. 114, pp. 3962-3968, 2010.

C.oncel, Y.Yiiriim, "Carbon nanotube synthesis via the catalytic CVD method: A review on the effect of reaction
parameters,” Fullerenes, Nanotubes and Carbon Nanostructures, vol. 14, pp. 17-37, 2006.

S. Econjauregui, C.M. Whelan, K. Maex, "The reason why metals catalyze the nucleation and growth of carbon
nanotubes and other carbon nanomorphologies,” Carbon, vol. 47, pp. 659-669, 2009.

Liang C. Y., Liu C. Y., Wang H., Wu L., Jiang Z. H., Xu Y. J., Shen B. Z., Wang Z. J., "SiCFe304 dielectric-
magnetic hybrid nanowires: Controllable fabrication, characterization and electromagnetic wave absorption,”
J. Mater. Chem. A, vol. 2, pp. 16397-16402, 2014.

Xie Z., Geng D., Liu X., Ma S., Zhang Z. J., "Magnetic and microwave-absorption properties of graphite-coated
(Fe, Ni) nanocapsules," Mater. Sci. Technology, vol. 27, pp. 607-614, 2011.

Bystrzejewsk M. I., Karoly Z., Szepvolgyi J., Kaszuwara W., Huczko A., Lange H., "Continuous synthesis of
carbonencapsulated magnetic nanoparticles with a minimum production of amorphous carbon,”" Carbon, vol. 47,
pp. 2040-2048, 20009.

He K. Yu L., Sheng L., An K., Ando Y., Zhao X., "Doping effect of single-wall carbon nanotubes on
the microwave absorption properties of nanocrystalline barium ferrite," J. Appl. Phys., vol. 49, 2010.

Haiyan L., Hong Z., Hongfan G., Liufang Y., "Investigation of the microwave-absorbing properties of Fe-filled
carbon nanotubes," Mater. Lett., vol. 61, pp. 3547-3550, 2007.

Ghasemi, A. "Remarkable influence of carbon nanotubes on microwave absorption characteristics of strontium
ferrite/CNT nanocomposites,” J. Magn. Magn. Mater., vol. 323, pp. 3133-3137, 2011.

Hekmatara H., Seifi M., Forooraghi K., "Microwave absorption property of aligned MWCNT/Fe304," J. Magn.
Magn. Mater., vol. 346, pp. 186-191, 2013.

Ferrando R., Jellinek J., Johnston R. L., "Nanoalloys: From theory to applications of alloy clusters and
nanoparticles,” Chem. Rev., vol. 108, 845-910, 2008.

Wang D., Li Y., "Bimetallic nanocrystals: liquid-phase synthesis and catalytic applications,” Adv. Mater., vol. 23,
pp. 1044-1060, 2011.

Mosleh Z., Kameli P., Poorbaferani A., Ranjbar M., Salamati H., "Structural, magnetic and microwave absorption
properties of Ce-doped barium hexaferrite," J. Magn. Magn. Mater., vol. 397, pp. 101, 2016.

Xu, Y., Yan, Z., Zhang, D., "Microwave absorbing property of a hybrid absorbent with carbonyl irons coating on
the graphite,” Appl. Surf. Sci., vol. 356, pp. 1032-1038, 2015.

Chang, S., Kangning, S., Pengfei, C. J., "Microwave absorption properties of Ce-substituted M-type barium ferrite,"
Magn. Magn. Mater., vol. 324, pp. 802-805, 2012.

He K., Yu L., Sheng L., An K., Ando Y., Zhao X., "Doping effect of single-wall carbon nanotubes on
the microwave absorption properties of nanocrystalline barium ferrite," J. Appl. Phys., vol. 49, 2010.

Liu X., Wing S., Sun Y., Li W.,, He Y., Zhu G., Jin C., Yan Q., Lv Y., Lau S., Zhao S., "Influence of a graphite
shell on the thermal, magnetic and electromagnetic characteristics of Fe nanoparticles,” J. Alloys. Compd., vol. 548,
pp. 239-244, 2013.

A. R. Zarei, H. Pourabdollahi, "Synthesis of carbon nanotube/iron-nickel nanocomposite by reduction in solution
method as radar absorbing nanostracture," Adv. Defence Sci.& Technology, vol. 2, pp. 59-66, 2018.

Das S. K., et al, Nanofluids: Science and technology, John Wiley & Snoc Inc., 2007.

Z.Wang, M. D. Shirley, S. T. Meikle, L.D. Whitby, S. V. Mikhalovsk, "The surface acidity of acid oxidized multi-
walled carbon nanotubes and the influence of in-situ generated fulvic acids on their stability in aqueous
dispersions,” Carbon, vol. 47, pp. 73-79, 2009.

Jiang X., et al., 'The influence of acid treatment on multi-wall carbon nanotubes,” Pigment & Resin Technology,
vol. 38, pp. 165-173, 2009.

V. Datsyuk, M. Kalyva, K. Papagelis, J. Parthenios, D. Tasis, A. Siokou, I. Kallitsis, C. Galiotis, "Chemical
oxidation of multiwalled carbon nanotubes," Carbon, vol. 46, pp. 833-840, 2008.

D. E. C. Qian D, Andrews R and Rantell T, "Load transfer and deformation mechanisms in carbon nanotube-
polystyrene composites," Appl. Phys. Lett., vol. 76, 2000.

S. M. S. P. a. A. H, "Fabrication and characterization of carbon nanotube/poly (vinyl alcohol) composites,"”
Adv. Mater., vol. 11, 1999.

G. B. Bratcher M, Ji H and Mays J, "Study in the dispersion of carbon nanotubes,” Materials Research Society
Proceedings, vol. 706, 2001.

J. Sun, L. Gao, W. Li, "Colloidal processing of carbon nanotube/alumina composites,” Chemistery of materials,
vol. 14, pp. 5169-5172, 2002.

J. Sun, L. Gao, "Development of a Dispersion Process for Carbon Nanotubes in Ceramic Matrix by
Heterocoagulation," Carbon, vol. 41, pp. 1063-1068, 2003.

G. L. Hwang, K. C. Hwang, "Carbon nanotube reinforced ceramics,” Journal of materials Chemistery, vol. 11(6),
pp. 1722-1725, 2001.

A. Lewis, "Colloidal Processing of Ceramics," Journal of American Ceramic Society, vol. 83, pp. 2342-2359, 2000.
Y. Guo, H. Cho, D. Shi, J. Liang, Y. Song, J. Abot, B. Poudel, Z. Ren, L. Wang, R. C. Ewing, Applied Physics
Letters, vol. 92, pp. 2619031- 2619033, 2007.

Eslamifar M., Mansour N., "Optical limiting properties of colloids enhanced bygold nanoparticles based on thermal
nonlinear refraction," Physics Dept, Behbahan Khatam Al-Anbia University of Technology, Behbahan, Iran
Physics Dept, Shahid Beheshti University, Tehran, Iran, Winter-Spring, vol. 6, 2012.

M Jiang, K Oikava, and T lkeshoji, "Molecular-dynamic simulations of martensitic transformation of cobalt,”
Metallurgical and Materials Transactions A, vol. 36, 2005.

Application of carbon nanotubes CNT) on the computer science and ... (Hossein Kardan Moghaddam)



78 a ISSN: 2089-4864

[74] W H Chen, H C Cheng, Y C Hsu, R H Uang, J S Hsu, “Mechanical material characterization of Co nanowires and
their nanocomposite," Composites science and technology, vol. 68, 2008.

[75] R Zupancié, A Legat, N Funduk, "Electrochemical and mechanical properties of cobalt-chromium dental alloy
joints," Materials and technology, vol. 41, 2007.

[76] R X Shi, Y SYin, JLi, S G Chen, Journal of Synthetic Crystals, 2009.

[77] Cho G. N., Kramer S. J., Tam S. T. and Fox J. M., Design/economics of a natural gas based fischer-tropsch plant,
Spring National Meeting, American Institute of Chemical Engineers, Houston, 1996.

[78] Hammache S., Goodwin J. G. and, Oukaci R., "Passivation of a Co—Ru/y -Al203 fischer-tropsch catalyst," Catal.
Today, vol. 71, pp. 361-367, 2002.

[79] Rohr F., Lindvag O. A., Holmen A. and Blekkan E.A., "Fischer-tropsch synthesis over cobalt catalysts supported
on zirconia-modified alumina,”" Catal. Today, vol. 58, pp. 247-254, 2000.

[80] Ernest B., Bensaddik A., Hilaire L., chaumette P. and Kiennemann A., "Study on a cobalt silica catalyst during
reduction and fischer-tropsch reaction: In situ EXAFS compared to XPS and XRD," Catal. Today, vol. 39,
pp. 329-341, 1998.

[81] Tavasoli A., Rashidi A. M., Sadaghiani K., Karimi A., Khodadadi A. and Mortazavi Y., "Carbon nano-tube
supported cobalt catalyst for converting synthesis gas to hydrocarbons," European Patent, EP, 1782885, 2007.

[82] Bezemer G. L., Van Laak A., Van Dillen A. J. and De Jong K. P., "Cobalt supported on carbon nanofibers - A
promising novel fischer-tropsch catalyst," Stud. Surf. Sci. Catal., vol. 147, pp. 259-264, 2004.

[83] Y. Zhang, Y. Liu, G. Yang, Y. Endo and N. Tsubaki, "The solvent effects during preparation of fischer-tropsch
synthesis catalysts: Improvement of reducibility, dispersion of supported cobalt and stability of catalyst,” Catal.
Today, vol. 142, pp. 85-89, 2009.

[84] Eliseeva O. L., Tsapkina M. V., Dement’eva O. S., Davydov P. E., Kazakov A. V., Lapidus A.L., "Promotion of
cobalt catalysts for the fischer-tropsch synthesis with alkali metals,” Kinetics and Catalysis, vol. 54(2),
pp. 207-212, 2013.

[85] Shi H.B., LiQ., Dai X.P. Yu, C.C., Shen S.K., "Resolving flow details in slurry bubble columns used for fischer-
tropsch synthesis using computational fluid dynamics," Studies in Surface Science and Catalysis., vol. 147(1),
pp. 265-270, 2004.

[86] de la Osa A.R., De Lucas A., Romero A., Valverde J.L., Sinchez P., "Fischer-tropsch diesel production over
calcium-promoted co/alumina catalyst: effect of reaction conditions,” Fuel, vol. 90(5), pp. 1935-1945, 2011.

[87] K Ellmer, "Past achievements and future challenges in the development of optically transparent electrodes,"”
Nature Photonics, 2012.

[88] C. Shen, A.H. Brozena, and Y.H. Wang, "Double-walled carbon nanotubes: Challenges and opportunities,"”
Nanoscale, 2011.

[89] K.lJiang, J. Wang, Q. Li, L. Liu, C. Liu, S. Fan, "Superaligned carbon nanotubes arrays, films, and yarns: A road to
applications,” Advanced Materials Journal, 2011.

[90] K.B. Dhungana, R. Pati, "Boron nitride nanotubes for spintronics,"” Sensors, 2014.

[91] R. Rajaei, M. Fazeli, M. Tabandeh, "Soft error-tolerant design of MRAM-based non-volatile latches for sequential
logic," IEEE Transactions on Magnetics (TMAG), 2014.

[92] W. Zhu, A. Shui, L. Xu, X. Cheng, P. Liu, H. Wang, Ultrasonics Sonochemistry, vol. 21, 2014.

[93] S. Jiang, E.S. Handberg, F. Liu, Y. Liao, H. Wang, Z. Li, S. Song, Applied Catalysis B: Environmental,
vol. 160, 2014.

[94] M. Ristic, M. Marcius, Z. Petrovic, S. Music, Ceramics International, vol. 40, 2019.

[95] Y.J.Hao, F.T.Li, S.S. Wang, M.J. Chai, R.H. Liu, X.J. Wang, Materials Science and Engineering: B, 2014.

[96] D.T. Nguyen, A. Ferrec, J. Keraudy, J.C. Bernede, N. Stephant, L. Cattin, Applied Surface Science, vol. 311,
pp. 110, 2014.

[97] F. Zhang, X. Wang, X. Zhang, M. Turxun, H. Yu, J. Zhao, "The catalytic activity of NiO for N20 decomposition
doubly promoted by barium and cerium,” Chemical Engineering Journal, vol. 256, pp. 365, 2014.

[98] A. Boukhachem, R. Boughalmi, M. Karyaoui, A. Mhamdi, "Study of substrate temperature effects on structural,
optical, mechanical and opto-thermal properties of NiO sprayed semiconductor thin films," Materials Science and
Engineering: B, vol. 188, pp. 72, 2014.

[99] H. Dalvand, G.R. Khayati, E. Darezereshki, A. Irannejad, "A facile fabrication of NiO nanoparticles from spent
Ni—Cd batteries,” Materials Letters, vol. 130, pp. 54, 2014.

[100] S.S. Liu, M. Koyama, S. Toh, S. Matsumura, "Microstructure evolution of NiO-YSZ cermet during sintering,"
Solid State lonics, vol. 262, pp. 460, 2014.

[101] K. Nadeem, F. Naeem, M. Mumtaz, S. Naeem, A. Jabbar, I. Qasim, N.A. Khan, Ceramics International,
vol. 40, 2014.

[102] M.A. Behnajady, and S. Bimeghdar, "Synthesis of mesoporous NiO nanoparticles and their application in
the adsorption of Cr(V1)," Chemical Engineering Journal, vol. 239, pp. 105, 2014.

[103] X. Yu, C. Xie, L. Yang, S. Zhang, "Highly photoactive sensor based on NiO modified TiO2 porous film for diethyl
ether,” Sensors and Actuators B: Chemical, vol. 195, pp. 439, 2014.

[104] Q. Dong, S. Yin, C. Guo, X. Wu, N. Kumada, T. Takei, A. Miura, Y. Yonesaki, T. Sato, Applied Catalysis B:
Environmental, vol. 147, pp. 741, 2014.

[105] T. Meng, P.P. Ma, J.L. Chang, Z.H. Wang, T.Z. Ren, "The Electrochemical Capacitive Behaviors of NiO
Nanoparticles," Electrochimica Acta, vol. 125, pp. 586, 2014.

Int J Reconfigurable & Embedded Syst, Vol. 9, No. 1, March 2020 : 61 — 82



Int J Reconfigurable & Embedded Syst ISSN: 2089-4864 a 79

[106] W. Lee, I. Kim, H. Choi, K. Kim, "Synthesis of Ni/NiO core-shell nanoparticles for wet-coated hole transport layer
of the organic solar cell,” Surface and Coatings Technology, vol. 231, pp. 93, 2013.

[107] A.A. Dakhel, "Dielectric relaxation behaviour of Li and La co-doped NiO ceramics,” Ceramics International,
vol. 39, pp. 4263, 2013.

[108] R. Zhang, S.U. Yuldashev, J.C. Lee, V.S. Yalishev, T.W. Kang, D.J. Fu, Microelectronic Engineering, vol. 112,
pp. 31, 2013.

[109] W. Maiaugree, N. Kongprakaiwoot, A. Tangtrakarn, S.Saekow, S. Pimanpang, V. Amornkitbamrung, Applied
Surface Science, vol. 289, pp. 72, 2014.

[110] Y.G. Morozov, D. Ortega, O.V. Belousova, I.P. Parkin, M.V. Kuznetsov, Journal of Alloys and
Compounds, vol. 572, pp. 150, 2013.

[111] S.S. Nkosi, B. Yalisi, D.E. Motaung, J. Keartland, E.Sideras-Haddad, A. Forbes, B.W. Mwakikung, Applied
Surface Science, vol. 265, pp. 860, 2013.

[112] C.Y. Li, HJ. Zhang, Z.Q. Chen, "Reaction between NiO and Al203 in NiO/y-Al203 catalysts probed by
positronium atom," Applied Surface Science, vol. 266, pp. 17, 2013.

[113] A.M. Ali, R. Najmy, "Structural, optical and photocatalytic properties of NiO-SiO2 nanocomposites prepared by
sol-gel technique," Catalysis Today, vol. 208, pp. 2-6, 2013.

[114] X. Wan, M. Yuan, S.L. Tie, S. Lan, "Effect of catalyst characters on the photocatalytic activity and procces of NiO
nanoparticles in the degradation of methylene blue,” Applied Surface Science, vol. 277, pp. 40, 2013.

[115] W. Sun, L. Chen, S. Meng, Y. Wang, H. Li, Y. Han, N.Wei, "Synthesis of NiO nanospheres with ultrasonic method
for supercapacitors,” Materials Science in Semiconductor Processing, vol. 17, pp. 129, 2014.

[116] L. Hu, B. Qu, L. Chen, Q. Li, "Low-temperature preparation of ultrathin nanoflakes assembled tremella-like NiO
hierarchical nanostructures for high-performance lithium-ion batteries," Materials Letters, vol. 108, pp. 92, 2013.

[117] G. B. Zanjani, J.Z. Wen, A. Hu, J. Persic, S. Ringuette, Y.N. Zhou, "Thermo-chemical characterization of a Al
nanoparticle and NiO nanowire composite modified by Cu powder," Thermochimica Acta, vol. 572, pp. 51, 2013.

[118] G.F. Cai, C.D. Gu, J. Zhang, P.C. Liu, X.L. Wang, Y.H.You, J.P. Tu, "Ultra fast electrochromic switching of
nanostructured NiO films electrodeposited from choline chloride-based ionic liquid," Electrochimica Acta, vol. 87,
pp. 341, 2013.

[119] I. Hotovy, L. Spiess, M. Predanocy, V. Rehacek, J. Racko, "Sputtered nanocrystalline NiO thin films for very low
ethanol detection," Vacuum, vol. 107, pp. 129, 2014.

[120] F. Cao, G.X. Pan, X.H. Xia, P.S. Tang, H.F. Chen, "Synthesis of hierarchical porous NiO nanotube arrays for
supercapacitor application," Journal of Power Sources, vol. 264, pp. 161, 2014.

[121] I. Castro-Hurtado, C. Malagu, S. Morandi, N. Perez, G.G Mandayo, E. Castano, "Properties of NiO sputtered thin
films and modeling of their sensing mechanism under formaldehyde atmospheres,” Acta Materialia, vol. 61,
pp. 1146, 2013.

[122] Wang S., Wang C., Liu C., Zhang M., Ma H., Li J., "Fabrication of superhydrophobic spherical-like a-FeOOH
films on the wood surface by a hydrothermal method,” Colloids and Surfaces A: Physicochemical and Engineering
Aspects, vol. 403, pp. 29-34, 2012.

[123] Tian F., Hu A, Li M., Mao D., "Superhydrophobic nickel films fabricated by electro and electroless deposition,"
Applied Surface Science, vol. 258, pp. 3643-6, 2012.

[124] Geng W., Hu A., Li M., "Super-hydrophilicity to super-hydrophobicity transition of a surface with Ni micro—nano
cones array,” Applied Surface Science, vol. 263, pp. 821-4, 2012.

[125] [Online]  Available: http://www.wesrch.com/wiki-889-operation-of-anem-nano-electrical  mechanical-switch-
transistor.

[126] Y.L. Owen, D. H.D. Espinosa, "Nanoelectro mechanical contact switches,” Nature Nanotechnology, vol. 7,
pp. 283-295, 2012.

[127] S. J. Tans, A. Verschueren, and C. Dekker, "Room-temperature transistor based on a single carbon nanotube,"”
Nature (London), vol. 49, pp. 393, 1998.

[128] R. Martel, T. Schmidt, H. R. Shea, T. Hertel, and Ph.Avouris, "Manipulation of carbon nanotubes and properties of
nanotube field-effect transistors and rings," Appl. Phys. Lett., vol. 73, pp. 2447, 1998.

[129] V. Derycke, R. Martel, J. Appenzeller, and Ph. Avouris, "Carbon nanotubes as potential building blocks for future
nanoelectronics," Nano Lett., vol. 1, pp. 453, 2001.

[130] R. Martel, V. Derycke, C. Lavoie, J. Appenzeller, K.K.Chan, J. Tersoff, and Ph. Avouris, "Carbon nanotubes as
schotkky barrier transistors," Phys. Rev. Lett., vol. 87, 2001.

[131] Wong, H-S. Philip, and Deji Akinwande, "Carbon nanotube and graphene device physics," Cambridge University
Press, 2011.

[132] Foa Torres, Luis EF, Stephan Roche, and Jean-Christophe Charlier, "Introduction to graphene-based
nanomaterials," Cambridge, UK: Cambridge University Press, vol. 1, 2014.

[133] I. Meric, M. Y. Han, A. F. Young, B. Ozyilmaz, P. Kim, and K. L.Shepard, "Current saturation in zero-bandgap,
top-gated graphene field-effect transistors," Nat. Nanotechnol., vol. 3, pp. 654, 2008.

[134] F. Schwierz, "Graphene transistors," Nat. Nanotechnol., vol. 5, pp. 487, 2010.

[135] B. Zhan, C. Li, J. Yang, G. Jenkins, W. Huang, and X. Dong, "Graphene field-effect transistor and its application
for electronic sensing," Small, vol. 10, pp. 4042, 2014.

[136] M. C. Lemme, T. J. Echtermeyer, M. Baus, and H. Kurz, "A graphene field-effect device," IEEE Electron Device
Letters, vol. 28, pp. 282, 2007.

[137] S. Kim, J. Nah, I. Jo, D. Shahrjerdi, L. Colombo, Z. Yao, E. Tutuc, and S. K. Banerjee, "Realization of a high
mobility dual-gated graphene field-effect transistor with AI203 dielectric,” Appl. Phys. Lett. vol. 94, 2009.

Application of carbon nanotubes CNT) on the computer science and ... (Hossein Kardan Moghaddam)



80 a ISSN: 2089-4864

[138] V. Ryzhii, M. Ryzhii, and T. Otsuji, "Tunneling Current-Voltage Characteristics of Graphene Field-Effect
Transistor," Appl. Phys. Express, vol. 1, 2008.

[139] V. Ryzhii, M. Ryzhii, and T. Otsuji, “Thermionic and tunneling transport mechanisms in graphene field-effect
transistors," Phys. Stat. Sol. (a), vol. 205, pp. 1527, 2008.

[140] F. Xia, D. B. Farmer, Y. M. Lin, and P. Avouris, "Graphene field-effect transistors with high on/off current ratio
and large transport band gap at room temperature,” Nano Lett., vol. 10, pp. 715, 2010.

[141] V. Ryzhii, M. Ryzhii, A. Satou, T. Otsuji, and V. Mitin, "Analytical device model for graphene bilayer field-effect
transistors using weak nonlocality approximation,” J. Appl. Phys., vol. 109, 2011.

[142] M. Choudhury,Y. Yoon, J. Gou, K. Mohanram, "Graphene nanoribbon FETSs: Technology exploration for
performance and reliability," IEEE Trans Nanotechnology, vol. 10, pp. 727-736, 2004.

[143] KS. Novoselov, AK. Geim, SV. Morozov, D. Jiang, Y. Zhang, SV. Dubonos, IV. Grigorieva, AA. Firsov, "Electric
field effect in atomically thin carbon films," Science, vol. 306, pp. 666-669, 2004.

[144] KS. Novoselov, "Graphene: Materials in the flatland," Int J Mode Phys B, vol. 25, pp. 4081-4107, 2011.

[145] I. Hassaninia, M.H. Sheikhi, Z. Kordrostami, "Simulation of carbon nanotube FETs with linear doping profile near
the source and drain," Solid State Electronics, vol. 52, pp. 980-985, 2008.

[146] R. Yousefi, K. Saghafi, M.K. Moravvej-Farshi, "Numerical study of lightly doped drain and source carbon
nanotube field effect transistors," IEEE Trans. Electron Devices, vol. 57, pp. 765-771, 2010.

[147] R. Yousefi, S.S. Ghoreyshi, "Numerical study of ohmic-schottky carbon nanotube field effect transistor," Modern.
Phys. Lett. B, vol. 26, pp. 1250096-1-1250096-9, 2012.

[148] Z. Arefinia, AA. Orouji, "Quantum simulation study of a new carbon nanotube field-effect transistor with
electrically induced source/drain extension," IEEE Trans Dev Mater Relia, vol. 9, pp. 237-243, 2009.

[149] A. Orouji, M.J. Kumar, "Shielded channel double-gate MOSFET: A novel device for reliable nanoscale CMOS
applications," IEEE Trans Dev Mater Relia, vol. 5, pp. 509-514, 2005.

[150] A. Naderi, P. Keshavarzi, "Electrically-activated source extension graphenenanoribbon field effect transistor: Novel
attributes and design considerations for suppressing short channel effect,” Superlattices and Microstructures,
vol. 72, pp. 305-318, 2014.

[151] V. Ryzhii, M. Ryzhii, and A. Satou, and T.Otsuji, J. Appl. Phys. vol. 103, 094510, 2008.

[152] Z. Ma, and A. Vandenbosch, "Optimal solar energy harvesting of nano-rectenna system," Solar Energy, vol. 88,
pp. 163-174, 2013.

[153] Bohren, C. F., and Huffman, D. R., Absorption and scattering of light by small particles, John Wiley & Sons, Inc.
New York, 1983.

[154] Mohammadi, A., Sandoghdar, V., Agio, M., "Gold nanorods and nanospheroids for enhancing spontaneous
emission," New Journal of Physics, vol. 10(10), pp. 105015-105028, 2008.

[155] Mohammadi, A., Kaminski, F., Sandoghdar, V., Agio, M., "Spheroidal nanoparticles as nanoantennas for
fluorescence enhancement,” Int. J. Nanotechnol., vol. 6, no. 10/11, pp. 902-914, 2009.

[156] Mohammadi, A., Sandoghdar, V., Agio, M., "Gold, copper, silver and aluminum nanoantennas to enhance
spontaneous emission,"” Journal of Computational and Theoretical Nanoscience, vol. 6(9), pp. 2024-2030, 2009.

[157] Mohammadi, A., Kaminski, F., Sandoghdar, V., Agio, M., "Fluorescence enhancement with the optical (Bi-)
conical antenna," J. Phys. Chem. C, vol. 114, no. 116, pp. 7372-7377, 2010.

[158] Rogobete, L., Kaminski, F., Agio, M., Sandoghdar, V., "Design of plasmonic nanoantennae for enhancing
spontaneous emission," Optics letters, vol. 32(12), pp. 1623-1625, 2007.

[159] Kuhn, S., Hakanson, U., Rogobete, L., Sandoghdar, V., "Enhancement of single-molecule fluorescence using a gold
nanoparticle as an optical nanoantenna,” Physical review letters, vol. 97(1), pp.017402-017405, 2006.

[160] Hallermann, F., Rockstuhl, C., Fahr, F., Seifert, G., Wackerow, S., Graener, H., Plessen, G.V., Lederer, F., "On the
use of localized plasmon polaritons in solar cells," Phys. Status Solidi A, vol. 205(12), pp. 2844-2861, 2008.

[161] Willets, K. A., Van Duyne, R.P., "Localized surface plasmon spectroscopy and sensing,” Ann. Rev. Phys. Chem.,
vol. 58, pp. 267-297, 2007.

[162] Zhang, J., Fu, Y., Chowdhury, M.H., Lakowicz, J.R., "Metal-enhanced single-molecule fluorescence on silver
particle monomer and dimer: coupling effect between metal particles,” Nano Lett., vol. 7, pp. 2101-2107, 2007.

[163] Anger, P., Bharadway, P., Novotny, L., "Enhancement and quenching of single-molecule fluorescence," Phys. Rev.
Lett. vol. 96, pp. 113002-113005, 2006.

[164] G. Moddel, and S. Grover., "Rectenna solar cells,” 1st ed., Springer, New York, 2013.

[165] P. Biagioni, JS. Huang, and B. Hecht, "Nanoantennas for visible and infrared radiation,” Rep Prog Phys, vol. 75,
pp. 24-40, 2012.

[166] P. Bharadwaj, B. Deutsch,and L. Novotny, "Optical antennas,” Advances in Optics and Photonics, vol. 1,
pp. 438-483, 2012.

[167] R.Corkish, M.A. Green, and T. Puzzer, "Solar energy collection by antennas,” Sol energy, vol. 73,
pp. 395-401, 2002.

[168] M. Bozzetti, G. de Candia, M. Gallo, O. Losito, L. Mescia, and F. Prudenzano, "Analysis and design of a solar
rectenna,” Industrial Electronics(ISIE), pp. 2001-2004, 2011.

[169] A. Sabaawi, C. Tsimenidis, and B.S. Sharif ,"Analysis and Modeling of Infrared Solar Rectennas,” Quantum
Electronics, vol. 19, pp.1-8, 2013.

[170] M. Barei, B. N. Tiwari, A. Hochmeister, G. Jegert, U. Zschieschang, H. Klauk, B. Fabel, G. Scarpa, G. Kobimller,
G. H. Bernstein, W. Porod, and P. Lugli, "Nano antenna array for terahertz detection," IEEE Trans. Microw.
Theory Tech, vol. 59, pp. 2751-2757, 2011.

Int J Reconfigurable & Embedded Syst, Vol. 9, No. 1, March 2020 : 61 — 82



Int J Reconfigurable & Embedded Syst ISSN: 2089-4864 a 81

[171]J. A. Bean, A. Weeks, and G. D. Boreman, "Performance optimization of antenna-coupled tunnel diode infrared
detectors,” Quantum Electronics, vol. 47, pp. 126-135, 2011.

[172] B.D. Mcpheron, "Process development for a traveling wave terahertz detector,” NNIN REU Research
Accomplishment, pp. 144-145, 2009.

[173] E. Carrasco, M. Tamagnone, and J. Perruisseau-Carrier, "Tunable grapheme reflective cells for THz reflectarrays
and generalized law of reflection," Applied Physics Letters, vol. 102, pp. 104103-104103-4, 2013.

[174] A. H. Kazemi and A. Mokhtari, "Graphenebased patch antenna tunable in the three atmospheric windows," Optik-
International Journal for Light and Electron Optics, vol. 142, pp. 475-482, 2017.

[175] I. Llatser, C. Kremers, A. Cabellos-Aparicio, J. M. Jornet, E. Alarcén, and D. N. Chigrin, "Graphene-based nano-
patch antenna for terahertz radiation," Photonics and Nanostructures-Fundamentals and Applications, vol. 10(4),
pp. 353-358, 2012.

[176] A. Akimov, A. Mukherjee, C. Yu, D. Chang, A. Zibrov, P. Hemmer, H. Park, M. Lukin, "Generation of single
optical plasmons in metallic nanowires coupled to quantum dots," Nature, vol. 450, pp. 402-406, 2007.

[177]S. Kuhn, U. Hakanson, L. Rogobete, V. Sandoghdar, "Enhancement of single-molecule fluorescence using a gold
nanoparticle as an optical nanoantenna,” Physical Review Letters, vol. 97, 2006.

[178] M. Kuttge, F.J. Garcia de Abajo, A. Polman, "Ultrasmall mode volume plasmonic nanodisk resonators,” Nano
Letters, vol. 10, pp. 1537-1541, 20009.

[179] E.J.R. Vesseur, F.J.G. de Abajo, A. Polman, "Broadband Purcell enhancement in plasmonic ring cavities," Physical
Review B, vol. 82, 2010.

[180] A. Kinkhabwala, Z. Yu, S. Fan, Y. Avlasevich, K. Millen, W. Moerner, "Large single-molecule fluorescence
enhancements produced by a bowtie nanoantenna," Nature Photonics, vol. 3, pp. 654-657, 2009.

[181] L. Rogobete, F. Kaminski, M. Agio, V. Sandoghdar, "Design of plasmonic nanoantennae for enhancing
spontaneous emission," Optics Letters, vol. 32, pp. 1623-1625, 2007.

[182] M.Sabaeian, N.Ajamgard, M.Heydari. "Enhancing Purcell’s factor of plasmonic bowtie nanoantennas for quantum
dot emitters of InGaN/GaN in Green band," Journal of Research on Many-body Systems, vol. 5(10),
pp. 43-58, 2016.

[183] F. J. Nye, Physical properties of crystals: their representation by tensors and matrics, claredon press, 1957.

[184]E. F. Crewley and J. de. luis, "Use of piezoelectric actuators as elements of intelligent structures,” AIAAVJ.,
vol. 25(10), pp. 1373-1385, 1987.

[185] Jalili, N., "Piezoelectric-Based Vibration Control from Macro to Micro/Nano Scale Systems," SpringeScience
Business Media, LLC 2010, 2009.

[186] Korayem, M.H. and R. Ghaderi, "Vibration response of an atomic force microscopy piezoelectrically actuated
microcantilever in liquid environment,” J. of Micro & Nano Letters, vol. 8(5), pp. 229-233, 2013.

[187] Wang, Z.L., "ZnO nanowire and nanobelt platform for nanotechnology,” Materials Science and Engineering,
vol. 64, no. 3-4, pp. 33-71, 2009.

[188] Park, K.I. Xu, S. Liu, Y. Hwang, G.T. Kang, S.J. Kang, S.J.L. Wang, Z.L. and Lee K.J., "Piezoelectric BaTiO3 thin
film nanogenerator on plastic substrates," Nano Letters, vol. 10(12), pp. 4939-4943, 2010.

[189] Galan, U. Lin, Y.R. Ehlert, G.J. and Sodano, H.A., "Effect of ZnO nanowire morphology on the interfacial strength
of nanowire coated carbon fibers," Composites Science and Technology, vol. 71(7), pp. 946-954, 2011.

[190] Li, Y.S. Feng, W.J. and Cai, Z.Y., "Bending and free vibration of functionally graded piezoelectric beam based on
modified strain gradient theory,” Composite Structures, vol. 115, pp. 41-50, 2014.

[191] Alzahrani E.O., Zenkour A.M., and Sobhy M., "Small scale effect on hygro-thermo-mechanical bending of
nanoplates embedded in an elastic medium,” composite structures, vol. 105, pp. 163-172, 2013.

[192] Golmakani M.E., and Rezatalab J., "Nonlinear bending analysis of orthotropic nanoscale plates in an elastic matrix
based on nonlocal continuum mechanics," Composite Structures, vol. 111, pp. 85-97, 2014.

[193] Simsek M., and Yurtcu H.H., "Analytical solutions for bending and buckling of functionally graded nanobeams
based on the nonlocal timoshenko beam theory," Composite Structures, vol. 97, pp. 378-386, 2013.

[194] Hosseini-Hashemi S., Zare M., and Nazemnezhad R., "An exact analytical approach for free vibration of mindlin
rectangular nanoplates via nonlocal elasticity," Composite Structures, vol. 100, pp. 290-299, 2013.

[195] Chen A.L., Wang Y.S., Ke L.L., Guo Y.F., and Wang Z.D., "Wave propagation in nanoscaled periodic layered
structures,” Journal of computational and theoretical nanoscience, vol. 10, pp. 2427-2437, 2013.

[196] Sobhy M., "Generalized two-variable plate theory for multi layered grapheme sheets with arbitrary boundary
conditions," Acta Mechanica, vol. 225(9), pp. 2521-2538, 2014.

[197] Liu C., Ke L.L., Wang Y.S., Yang J., and Kitipornchai S., "Thermo-electro-mechanical vibration of piezoelectric
nanoplates based on the nonlocal theory," Composite Structures, vol. 106, pp. 167-174, 2013.

[198] Arani A.G., Abdollahian M., Kolahchi R., and Rahmati A.H., "Electro-thermo-torsional buckling of an embedded
armchair DWBNNT using nonlocal shear deformable shell model,” Composites Part B: Engineering, vol. 51,
pp. 291-299, 2013.

[199] Arani A.G., Amir S., Shajari A.R., and Mozdianfard M.R., "Electro-thermo-mechanical buckling of DWBNNTSs
embedded in bundle of CNTs using nonlocal piezoelasticity cylindrical shell theory,” Composites Part B:
Engineering, vol. 43(2), pp. 195-203, 2012.

[200] Arani A.G., Atabakhshian V., Loghman A., Shajari A.R., and Amir S., "Nonlinear vibration of embedded
SWBNNTs based on nonlocal timoshenko beam theory using DQ method," Physica B: Condensed Matter,
vol. 407(13), pp. 2549-2555, 2012.

[201] Arani A.G., Roudbari M.A., and Amir S., "Nonlocal vibration of SWBNNT embedded in bundle of CNTs under
a moving nanoparticle,” Physica B: Condensed Matter, vol. 407(17), pp. 3646-3653, 2012.

Application of carbon nanotubes CNT) on the computer science and ... (Hossein Kardan Moghaddam)



82 a ISSN: 2089-4864

[202] Ke L.L., and Wang Y.S., "Thermoelectric-mechanical vibration of piezoelectric nanobeams based on the nonlocal
theory," Smart Materials and Structures, vol. 21(2), 2012.

[203] Ke L.L., Wang Y.S., and Wang Z.D., "Nonlinear vibration of the piezoelectric nanobeams based on the nonlocal
theory," Composite Structures, vol. 94(6), pp. 2038-2047, 2012.

[204] Liu C., Ke L.L., Wang Y.S., Yang J., and Kitipornchai S., "Buckling and post buckling of size-dependent
piezoelectric timoshenko nanobeams subject to thermo-electro-mechanical loadings,” International Journal of
Structural Stability and Dynamics, vol. 14(3), 2014.

[205] Ke L.L., Liu C., and Wang Y.S., "Free vibration of nonlocal piezoelectric nanoplates under various boundary
conditions," Physica E: Low dimensional Systems and Nanostructures, vol. 66, pp. 93-106, 2015.

[206] Sayyad A.S., and Ghugal Y.M., "Bending and free vibration analysis of thick isotropic plates by using exponential
shear deformation theory," Applied and Computational Mechanics, vol. 6(1), pp. 65-82, 2012.

[207] Ghugal Y.M., and Sayyad A.S., "Stress analysis of thick laminated plates using trigonometric shear deformation
theory," International Journal of Applied Mechanics, vol. 5(1), 2013.

[208] Kharde S.B., Mahale A.K., Bhosale K.C., and Thorat S.R., "Flexural vibration of thick isotropic plates by using
exponential shear deformation theory," International Journal of Emerging Technology and Advanced Engineering,
vol. 3(1), pp. 369-374, 2013.

[209] Mantari J.L., Oktem A.S., and Soares C.G., "A new trigonometric shear deformation theory for isotropic,
laminated composite and sandwich plates,” International Journal of Solids and Structures, vol. 49(1),
pp. 43-53, 2012.

[210] Tounsi A., et al., "A refined trigonometric shear deformation theory for thermoelastic bending of functionally
graded sandwich plates," Aerospace Science and Technology, vol. 24(1), pp. 209-220, 2013.

[211] Rango R.F., Nallim L.G., and Oller S., "Formulation of enriched macro elements using trigonometric shear
deformation theory for free vibration analysis of symmetric laminated composite plate assemblies,” Composite
Structures, vol. 119, pp. 38-49, 2015.

[212] Khorshidi K., and Fallah A., "Buckling analysis of functionally graded rectangular nano-plate based on nonlocal
exponential shear deformation theory," International Journal of Mechanical Sciences, vol. 113, pp. 94-104, 2016.

[213] Khorshidi K., Asgari T., and Fallah A., "Free vibrations analysis of functionally graded rectangular nanoplates
based on nonlocal exponential shear deformation theory,” Mechanics of Advanced Composite Structures,
vol. 2(2), pp. 79-93, 2015.

[214] Faraji M., Y. Yamini ,and M. Rezaee, "Magnetic nanoparticles: synthesis, stabilization, functionalization,
characterization, and applications,” Iranian Chemical Society Journal, no. 1, pp. 1-37, 2010.

[215] Zhang L., Zhang Y., "Fabrication and magnetic properties of Fe304 nanowire arrays in different diameters,"
Journal of Magnetism and Magnetic Materials, vol. 321, pp. L15-L20, 2009.

[216] Kovalenko M.V., Bodnarchuk M.1., Lechner R.T., Hesser G., Schéffler F., Heiss W., "Fatty acid salts as stabilizers
in size- and shape-controlled nanocrystal synthesis: The case of inverse spinel iron oxide," Journal of the American
Chemical Society, vol. 129, pp. 6352-6353, 2007.

[217] Sun Q., Ren Z., Wang R., Chen W., Chen C., "Magnetite hollow spheres: Solution synthesis, phase formation and
magnetic property,” Journal of Nanoparticle Research, 13, pp. 213-220, 2011.

[218] Feng L., Jiang L., Mai Z., Zhu D., "Polymer-controlled synthesis of Fe304 single-crystal nanorods," Journal of
Colloid and Interface Science, vol. 278, pp. 372-375, 2004.

[219] Zhong L.S., Hu J.S., Liang H.P., Cao A.M., Song W.G., Wan L.J., "Self-assembled 3D flowerlike iron oxide
nanostructures and their application in water treatment," Advanced Materials, vol. 18, pp. 2426-2431, 2006.

[220] zhu M., Diao G., "Synthesis of porous Fe304 nanospheres and its application for the catalytic degradation of
xylenol orange,” The Journal of Physical Chemistry C, vol. 115, pp. 18923-1834, 2011.

[221] Chen W., Li X., Xue G., Wang Z., Zou W., "Magnetic and conducting particles: Preparation of polypyrrole layer on
Fe304 nanospheres,” Applied Surface Science, vol. 218, pp. 216-222, 2003.

[222] Chen J.S., Zhang Y., Lou X.W., "One-pot synthesis of uniform Fe304 nanospheres with carbon matrix support for
improved lithium storage capabilities," ACS Applied Materials & Interfaces, vol. 3, pp. 3276-3279, 2011.

[223] Prolongo S.G., Meliton B.G., Del Rosario G., Urefia A., "New alignment procedure of magnetite—cnt hybrid
nanofillers on epoxy bulk resin with permanent magnets," Composites Part B: Engineering, vol. 46,
pp. 166-172, 2013.

[224] Guo Q., Guo P., Li J,, Yin H., Liu J., Xiao F., et al., "Fe304-Cnts nanocomposites: Inorganic dispersant assisted
hydrothermal synthesis and application in lithium ion batteries,” Journal of Solid State Chemistry, vol. 213,
pp. 104-109, 2014.

[225] He Y., Huang L., Cai J.-S., Zheng X.-M., Sun S.-G., "Structure and electrochemical performance of nanostructured
Fe304/carbon nanotube composites as anodes for lithium ion batteries," Electrochimica Acta, vol. 55,
pp. 1140-1144, 2010.

[226] Zhou X., Fang C., Li Y., An N. Lei W., "Preparation and characterization of Fe304-CNTs magnetic
nanocomposites for potential application in functional magnetic printing ink," Composites Part B: Engineering,
vol. 89, pp. 295-302, 2016.

[227] E. Esmaeili, S. A. Rounaghi, "The synthesis and investigation of magnetic behavior of magnetitecarbon nanotubes
nanocomposite (Fe304-CNTs) for water-based convective heat transfer application,” Journal of Advanced
Materials and Technologies (JAMT), vol. 6(4), pp. 55-62, 2017.

Int J Reconfigurable & Embedded Syst, Vol. 9, No. 1, March 2020 : 61 — 82



