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Abstract 

 Experts and researchers unanimously agree that nanotechnology is the 

most important development that occurred in the last half of the twentieth century. 

Where it took the attention of all universities, institutes and scientific institutions. 

Nanotechnology has become at the forefront of the most important and exciting 

fields in physics, chemistry, biology, engineering and many other fields. It has 

given great hope to scientific revolutions in the near future that will change the 

direction of technology in many applications. In order to give a clear insight into 

this technology, we presented in the first chapter in a simplified way the concept 

and principles of nanotechnology in the hope that we realize its interesting facts, 

with reference to the history of this technology and how it arose, and the 

difference between the scientific terms (nanoscience, nanotechnology, 

nanoscale). After that, we mentioned nanoparticles and the methods of preparing 

them, and finally we showed the reasons and reasons for the wide and great 

interest in this technology and its future prospects. 
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Chapter one 

Introduction 
1-1 introduction 

There is always a fundamental need to apply new materials with improved 

properties in industry. Carbon nanotubes (CNTs) have attracted great research 

interest from various areas of engineering and science due to their outstanding 

chemical and physical properties such as high hardness and high strength but very 

low density. These hollow, cylindrical nanostructures were generated by 

hexagonal unit cells that were discovered by Iijima in 1991. Several studies have 

been conducted in order to estimate and develop the properties of carbon 

nanotubes. Determination of the tensile strength (up to 63 GPa), Yunck's modulus 

(about 1 Tb), and the vibrational stability of carbon nanotubes were among the 

most important objectives of these research papers. Investigations into short fiber-

reinforced composites began several decades ago, before the discovery of carbon 

nanotubes. 

1-2 What are carbon nanotubes? 

They are allotropes of carbon with cylindrical nanostructures. It should be 

noted that carbon nanotubes have a length to diameter ratio of 132,000,000:1, 

which appears to be much longer than any other material. These carbon molecules 

have novel properties that make them useful in many applications in 

nanotechnology, electronics and optics, as well as in many other fields related to 

materials science, as well as a host of other potential uses in the fields of 

architecture. It may also have some uses in the manufacture of body armor. They 

exhibit exceptional strength, unique electrical properties and good heat 

conductors. 

Nanotubes are a member of the fullerene family of structures, which also 

includes Baki's spheres. The nanotube may be covered with a hemisphere of the 
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fullerene structure (buckyball). We also note that its name derives from its size, 

as the diameter of the nanotube is only a few nanometers (which is equivalent to 

approximately 1/50,000 the width of a human hair), while its length can increase 

to 18 centimeters (as it appeared in 2010). [1] The nanotubes are thus classified 

as single-walled nanotubes and multi-walled nanotubes. 

Applied quantum chemistry—particularly orbital hybridization—is the 

best way to describe chemical bonds in nanotubes. The chemical bonding of 

nanotubes consists of bonds with sp2 orbital hybridization, similar to those of 

graphite. These bonds, which are stronger than the sp3 bonds found in diamond, 

provide the nanotubes with their unique strength and toughness. In addition, the 

nanotubes line themselves up as "ropes" held together by van der Waals forces. 

1-3 History 

Nanotechnology is a scientific precedent for the twenty-first century that 

will lead the world to a new industrial revolution that provides many benefits to 

humanity, especially in the fields of computer technology, medicine and materials 

science (material science) in Nano dimensions, so we will talk about carbon 

nanotubes, or what is known as nanotubes. Which takes a large space in the field 

of nanotechnology. 

In 1991 the nanotube was discovered by the Japanese scientist Ijima Sumio 

while he was studying carbon products in the process of electric discharge 

between two carbon electrodes, while using the transmission electron microscope 

(TEM Transmission Electron Microscope). But before we start studying the 

nanotube, we must get acquainted with the single-walled carbon sphere called 

Fullerene. 

In 1985, Kroto and Smalley were able to discover the monolayer ball 

consisting of 60 carbon atoms, and it was the most stable among the carbon balls 

with a number of more or less than 60 atoms, thus realizing Euler's theorem. To 
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the architect Buckminster Fuller, after which it was named Fullerene (see Figure 

1-1).[2] 

 

 

 

 

(b)      (a) 

 

Figure (1-1): (a) The monolayer sphere, that is, fullerene, made of 60 carbon atoms. 

(b) Single Walled Carbon NanoTube (SWCNT: Single Walled Carbon Nanotube)  

 

1-4 Previous work 

1- Making carbon nanotubes with polystyrene 

Single-walled and multiple-walled carbon nanotubes were functionalized 

with a polystyrene copolymer, poly(styrene-co-p-(4-(4‘-vinylphenyl)-3-

oxabutanol)). The functionalization reaction conditions were designed for the 

esterification of the nanotube-bound carboxylic acids. The polymer-attached 

carbon nanotubes are soluble in common organic solvents, making it possible to 

characterize the samples using not only solid-state but also solution-based 

techniques. The solubility has also allowed an intimate mixing of the 

functionalized carbon nanotubes with polystyrene. Results from the 

characterization of the functionalized carbon nanotubes, including the chemical 

and thermal defunctionalizations of the soluble samples, and the fabrication of 

polystyrene−carbon nanotube composite thin films using a wet-casting method 

are presented and discussed.[3] 
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2- Fabrication and Material Characteristics of Polystyrene/Carbon 

Nanotubes (PS/CNT) 

Polystyrene/carbon nanotube (PS/CNT) composites have attracted 

considerable attention in research and industry fields due to high strength and 

electrical conductivity of CNT. Recently, several investigations showed that the 

PS/CNT composites exhibited the significant enhancement in thermal, 

mechanical, and electrical properties at room and/or high temperatures as well as 

possessed excellent process-ability which was quite similar to those of pure 

polymers. In this study, the various processing methods used to fabricate the 

composites are outlined with a special focus on solution processing, melt mixing, 

in-situ polymerization, etc. This paper discusses the non-covalent and covalent 

modifications of CNTs with PS, which are commonly applied to improve the 

dispersion and compatibility of the PS/CNT composites. The thermal, 

rheological, and mechanical properties of the present composites are also 

reviewed. The influences of different variables, such as type and content of CNT 

processing method and temperature, on the electrical responses are also 

highlighted. The discussion of the different properties in this study concluded that 

the addition of CNT would be beneficial for improving the materials performance 

of PS composites for industrial applications.[4] 
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Chapter Two 
2-1 What are carbon nanotubes? 

Carbon nanotubes are very small, very thin tubes or cylinders made only 

of carbon (C) atoms. Its tubular structure is visible only through electron 

microscopes. It is a black solid, consisting of very small bundles or bundles of 

several dozen nanotubes, strung together to form an intricate network. 

The prefix "Nano" means "very small". The word "Nano" used in the 

measurement means that it is one billionth of a measurement. For example, a 

nanometer (a nanometer) is one billionth of a meter, i.e. 1 nanometer = 10-9 m. 

Each small carbon nanotube consists of one or more sheets of graphite 

wrapped around itself. They are classified into single-walled nanotubes (a single 

coiled sheet) and multi-walled nanotubes (two or more cylinders, one inside the 

other). 

Carbon nanotubes are very strong, have a high resistance to breakage, and 

are very flexible. It conducts heat and electricity very well. They also make a very 

light material. 

These properties make it useful in various fields of application, such as the 

automotive, aerospace, electronics, and other industries. They have also been 

used in medicine, for example to transport and deliver anti-cancer drugs, 

vaccines, proteins, etc. 

However, it must be handled with protective equipment as it can cause 

damage to the lungs when inhaled  [5.]  
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2-2  Construction of carbon nanotubes 

1-2-2  Physical Structure 

Carbon nanotubes are extremely fine and small tubes or cylinders whose 

structure can only be seen with an electron microscope. It consists of a sheet of 

graphite (graphene) wrapped in a tube. 

 

 

 

 

Figure (2-1): Nano-tube 

They are hollow, cylindrical particles consisting only of carbon atoms. The 

carbon atoms are arranged in the form of small hexagons (six-sided polygons) 

similar to benzene and connected to each other (benzene condensed rings). 

Tubes may or may not be clogged at their openings and can be quite long 

when compared to their diameters. It is equivalent to graphite sheets wrapped in 

seamless tubes]6[ . 
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2-2-2 Chemical composition 

CNTs are polycyclic structures. The bonds between carbon atoms are 

covalent (ie they are not ionic). These links are at the same level and are very 

strong. 

The strength of the C=C bonds makes carbon nanotubes extremely tough 

and strong. In other words, the walls of these tubes are very strong. 

The out-of-plane joints are very weak, which means that there are no strong 

joints between one tube and the other. However, they are attractive forces that 

allow the formation of bundles or bundles of nanotubes [.7]  

2-3 Classification by number of tubes 

Carbon nanotubes are divided into two groups: single-walled nanotubes, or 

SWCNTs. Single-walled carbon tube, multi-walled nanotubes, or MWCNTs. 

(Multiwall Carbon Nanotube) 

 

 

 

 

Figure (2-2): classifications of nanotubes 

Single-walled carbon nanotubes (SWCNTs) consist of a single graphene 

sheet wrapped in a cylinder, in which the vertices of the hexagons fit together 

perfectly to form a seamless tube. 
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Multi-walled carbon nanotubes (MWCNTs) consist of concentric 

cylinders placed around a common hollow center, that is, two or more hollow 

cylinders placed within each other [.8]  

2-4 physical properties 

Carbon nanotubes are solid. They come together to form bundles, 

bundles, bundles, or "chains" of several dozen nanotubes, strung together to 

form a very dense and complex network. 

They have greater tensile strength than steel. This means that they have a 

high resistance to fracture when subjected to stress. In theory it could be 

hundreds of times stronger than steel. 

It is very flexible, and it can be bent, twisted and folded without damage 

and then back to its initial shape. They are very light. They are good conductors 

of heat and electricity. They are said to have a very diverse electronic behavior 

or to have a high electronic conductivity. CNT tubes in which hexagons are 

arranged in the shape of an armchair have metallic or metal-like behaviour. 

Those arranged in a zigzag and spiral pattern can be metallic and 

semiconductor.[9] 

2-5 Chemical properties 

Due to the strength of the bonds between carbon atoms, carbon nanotubes 

can withstand very high temperatures (750 °C at atmospheric pressure and 2800 

°C in vacuum). 
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The ends of the nanotubes are more chemically reactive than the 

cylindrical part. If they are subjected to oxidation, the ends are oxidized first. If 

the tubes are closed, the ends open. When treated with nitric acid HNO3 or 

sulfuric acid H2Sw4 under certain conditions, CNTs can form carboxylate-

COOH or quinone-type groups O=C-C44-C=0 

Carbon nanotubes with smaller diameters are more reactive. Carbon 

nanotubes can contain atoms or molecules of other types in their internal 

channels [.10]  

2-6  What is polystyrene? 

      Polymer of styrene/in particular: a rigid transparent thermoplastic with good 

physical and electrical insulating properties and particularly used in molded 

products, foams and sheet materials[11]. 
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2.7 Experiment 

The materials used in this study are polystyrene and carbon nanotubes. The 

weight percentages of carbon nanotubes are (0,3,6 and 9)wt.%. The samples were 

prepared using casting technique thickness ranged between (72-84)μm.The 

resistivity was measured at room temperature using Keithly electrometer type 

(616C).The volume electrical conductivity σ𝑉defined by : σ𝑉 = 1𝑃 = 𝐿𝑅𝐴       (1) 

Where: 

A = guard electrode effective area. 

R = volume resistance (Ohm). 

L = average thickness of sample (cm). 

The dielectric properties of PS-CNTs composites were measured using 

(Agilent impedance analyzer 6500B).  

In the frequency (f) range (1-10) MHz at room temperature. The measured 

capacitance, C (w) was used to calculate the dielectric constant, έ (w) using the 

following expression: έ (W) = C(W) 𝑑𝜉𝑜𝐴        (2) 

Where d is sample thickness and A is surface area of the sample. Whereas 

for dielectric loss ε" (W): 𝜀"(𝑤)  =  έ(𝑤) ×  𝑡𝑎𝑛𝛿(𝑤)      (3) 

Where 𝑡𝑎𝑛𝛿(𝑤) is dissipation factor. The AC conductivity σ𝑎𝑐 can be 

calculated by the following equation: σ𝑎𝑐(𝑤) = 𝜉𝑜𝑤  𝜀"        (4) 

The transmission & absorption spectra of PS-CNTs composites have been 

recording in the length range (400-1000) nm using UV-2400 PC 

spectrophotometer. 
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Figure(2-3):- polystyrene(PS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(2-4):- polystyrene(PS)+1 CNTs13 

 

 

 

 

 

 

 

 

 



14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(2-5):- polystyrene(PS)+2 CNTs14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(2-6):- polystyrene(PS)+ 3 CNTs 
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3.1 Results and Discussion 

Figure (3-1) shows the variation of electrical conductivity of polystyrene 

composites with increasing carbon nanotubes content. The general theory to 

explain the conduction mechanism of fibers or particle-filled polymer composites 

is the "theory of conductive paths [12]. To obtain electrically conductive 

composites the carbon nanotubes aggregates have to arrange themselves in 

continuous paths where the conductive elements are either in direct contact or can 

move electrons via hopping or tunneling mechanisms[13] 

 

 

 

 

 

Figure 3-1: Variation of D.C electrical conductivity with Carbon nanotube wt. % 

concentration. 

Figure (3-2) show the variation of the dielectric constant of PS-CNTs 

composite with frequency for different filler concentration 

 

 

 

 

Figure 3-2: Variation dielectric constant with frequency for (PS-CNTs) composite. 

 

The dielectric constant decreases with increasing of frequency, this may be 

attributed to the tendency of dipoles, the high value of dielectric constant at low 

frequency might be due to the interfacial effect. At low carbon nanotubes 
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concentration, the dielectric values are low, characteristics of dielectric behavior, 

and increasing the carbon nanotubes concentration caused an increase in the 

average number of concentrations among the conductive particles. At high 

concentrations of carbon nanotubes the dielectric constant is due to formation of 

a continuous network of carbon nanotubes particles through the composite [14]. 

 

 

 

 

 

 

Figure 3-3: Variation dielectric constant with carbon nanotube concentration for 

(PS-CNTs) composite. 

The variation of dielectric loss with frequency for (PS- CNTs) composites at 

different concentration of dopants is as depicted in figure (3-4). 

 

 

 

 

 

Figure 3-4: Variation dielectric loss with frequency for (PS-CNTs) composite. 

It is clear from the graph that dielectric loss decreases with increasing the 

frequency. The larger value of dielectric loss at low frequency could be due to the 

mobile charges within the polymer backbone. The higher value of dielectric loss 

for the higher concentration of dopant can be understood in terms of electrical 

conductivity, which is associated with the dielectric loss as shown in figure(3-

5)[15,16]. 
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Figure 3-5: Variation dielectric loss with carbon nanotube concentration for (PS-

CNTs) composite. 

The behavior of A.C conductivity of PS- CNTs composite for various 

concentration of the filler as a function of frequency at room temperature is show 

in figure(3-6). 

 

 

 

 
 

Figure 3-6: Variation A.C. electrical conductivity with frequency for (PS-CNTs) 

composite. 

The A.C conductivity response to the applied field frequency at low and 

intermediate range is flat, and at high frequency range there is a transition region 

where the response starts to bend downward. The bending region is shifted 

towards the frequency value as the concentration of filler increases. For 

specimens of high filler content the behavior of A.C conductivity can be 

determined by conductive pathways of conductive network which formed as a 

result of infinite clusters formation. 

The flat response of A.C conductivity at these frequency ranges can be 

attributed to the fact that electrons will not have trouble traveling over large 

distances within these infinite clusters before it just hop to other clusters. This 

can be justified by the fact that most conductors give a flat response in the same 
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frequency ranges[17].At lower concentrations of the filler the A.C electrical 

conductivity of the composite increases slightly; while at higher concentrations 

the conductivity increases sharply where the composite becomes a conductive 

substance as shown in figure (3-7). 

 

      

 

 

 

Figure 3-7: Variation A.C electrical conductivity with carbon nanotube concentration 

for (PS-CNTs) composite. 

      At high filler content, the mount of the interconnecting networks is increased 

and the contact resistance between the fibers is decreased, and hence a good 

electron conduction is achieved resulting in transformation of the polymer 

insulator to a conductive polymer composite [18].  

The optical absorbance as a function of the wavelength of the incident light 

for PS-CNTs composites of various filler contents is shown in figure (3-8). The 

figure shows that the intensity of the peak increased as a result of filler addition 

but no shift in the peak position, i.e. adding different amounts of filler to pure 

polymer do not change the chemical structure of the material but new physical 

mixture is formed. 

 

 

 

 

Figure 3-8: Optical Absorbance for (PS-CNTs) composite with various wavelength 
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    The absorption coefficient (α) was calculated in the fundamental absorption 

region from the following equation[19]: α = 2.303 𝐴𝑑      (5) 

Where: A is absorbance and d is the thickness of sample. 

Figure (3-9) shows the relationship between the absorption coefficient and 

photon energy of the PS-CNTs composites. We note the change in the absorption 

coefficient is small at low energies, this is indicates, that the possibility of 

electronic transitions is a few. While at high energy, the change of absorption 

coefficient is large this is indicates the large. Probability of electronic transitions 

are the absorption edge of the region. The results showed that the values of 

absorption coefficient of the PSCNTs composites less than 104cm-1 which 

indicates to the indirect electronic transition [20]. The variations of extinction 

coefficient (k=__/4_) with wave length for (PS-CNTs) composite as shown in 

figure (3-10). The extinction coefficient increases with increasing of CNTs 

concentration. This behavior of extinction coefficient ascribed according to high 

absorption coefficient. [21]. 

 

 

 

 

 

Figure 3-9: The relationship between the absorption coefficient and photon energy of 

the (PS-CNTs) composites 

 

 

 

 

 

 

Figure 3-10: Extinction coefficient for (PS-CNTs) composite with various wavelength 
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Figure (3-11) shows the variation of the refractive index (𝒏 = 𝟏+√𝑹𝟏−√𝑹) of 

composites a function of wavelength. The refractive index increase as a result of 

filler addition, this behavior can be attributed to the increasing of the packing 

density as a result of filler content. 

 

 

 

 

 

 

Figure 3-11: Refractive index for (PS-CNTs) composite with various wavelength 

Figures(3-12,3-13) show the variation of real and imaginary parts of 

dielectric constants (𝜀1 = 𝑛2 − 𝑘2 𝑎𝑛𝑑 𝜀2 = 2𝑛𝑘) of (PS-CNTs) composites .It 

is concluded that the variation of  𝜀1 mainly depends on (𝑛2) because of small 

values of (𝑘2), while  𝜀2 mainly depends on the (k) values which are related to 

the variation of absorption coefficients[22]. 

    

 

 

 

 

Figure 3-12: Real part of dielectric constant for (PS-CNTs) composite with various 

wavelength 
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Figure 3-13: Imaginary part of dielectric constant for (PS-CNTs) composite with 

various wavelength 
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Sample 1 2 3 4 5 average 

PS 62.7 58.8 60.2 59.2 59.5 60.1 

PS+1 CNT 59.7 58.3 57.1 56.1 55.2 57.3 

PS+2 CNT 58.5 58.8 57.4 60.8 53.2 57.8 

PS+3 CNTs 61.3 59.4 58.8 60.5 57.6 59.5 
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Chapter Four 

Conclusions and Recommendations 

4.1 Conclusions  

1. The D.C electrical conductivity of the polystyrene increases by increasing the 

carbon nanotubes concentrations. 

2. The dielectric constant decreases with increase the frequency and increases 

with increase the CNTs wt. % content. 

3. The dielectric loss decreases with increase the frequency and increases with 

increase the CNTs wt. % content. 

4. The A.C electrical conductivity of composites is increasing with increasing 

frequency of applied electrical field and CNTs wt. % content. 

5. The absorption coefficient, extinction coefficient, refractive index and real and 

imaginary parts of dielectric constants are increasing with increase the CNTs wt. 

% content. 

 

4.2 Recommendations 

            There is a wealth of other potential applications for carbon nanotubes, 

such as solar energy harvesting; Nanofilters supports catalyst and coatings of all 

types. There will almost certainly be many unexpected applications for this 

wonderful material to emerge in the coming years, which may be the most 

important and valuable of all. Several researchers are investigating conductive 

and/or waterproof paper made of carbon nanotubes. Carbon nanotubes have also 

been shown to absorb infrared light and may have applications in the I/R optics 

industry .  
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