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مَاءِ مَاءً فسََالتَْ أوَْدِيةٌَ بِقَدَرِهَا    ﴿ أنَزَلَ مِنَ السَّ

ا يوُقِدُونَ علَيَْهِ   وَمِمَّ ابِيًا ۚ  يْلُ زَبدًَا رَّ فاَحْتمََلَ السَّ

لَِِ  فِِ النَّارِ ابتِْغَاءَ حِليَْةٍ أوَْ مَتاَعٍ زَبدٌَ   ثلُُُْ ۚ كَذََٰ مِّ

 ُ بدَُ فيَذَْهَبُ    يضَِْْبُ اللَّّ ا الزَّ الحَْقَّ وَالبَْاطِلَ ۚ فأََمَّ

ا مَا ينَفَعُ النَّاسَ فيَمَْكُثُ فِِ الَْْرْضِ ۚ   جُفَاءً ۖ وَأمََّ

مْثاَلَ  ُ الَْْ لَِِ يضَِْْبُ اللَّّ  ﴾   كَذََٰ

 صَدَقَ اُلله العَلُِِّ العَظِيُ 

 
 ( 17الآية )   - سورة الرعد  القران الكريم /  
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I 

Summary 
In this study, new types (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) 

bionanocomposites based on the (PC/PS) polymeric blend, were synthesized 

by employing the solution casting technique. The basic composites of (PC/PS) 

polymeric blend was fabricated at a content of (50 wt.%) of polycarbonate      

and (50 wt.%) of polystyrene as well as silicon carbide (SiC) nanoparticles     

was added to (PC/PS) polymeric blend and then the manganese dioxide (MnO2) 

nanoparticles, and cobalt trioxide (Co2O3) nanoparticles into (PC/PS) 

polymeric blend with different weight percentages as (1.3, 2.6, 3.9 and 5.2) 

wt.%. The impact of silicon carbide, manganese dioxide and cobalt trioxide 

nanoparticles additives on the structural, morphological, optical, (D.C and A.C) 

electrical characteristics of (PC/PS) polymeric blend, (PC-PS/SiC-MnO2), and               

(PC-PS/SiC-Co2O3) bionanocomposites were studied for antibacterial 

activities, photodegradation, and pressure sensor applications have been 

prepared. 

Fourier transformation spectroscopy (FT-IR) results displayed that 

there are no chemical interactions between the polymer matrix, (SiC/MnO2, and 

SiC/Co2O3) nanoparticles, and the surface morphology of (PC–PS/SiC-MnO2), 

and (PC–PS/SiC-Co2O3) nanocomposites were analyzed by optical microscope 

(OM) and field emission scanning electron microscope (FE-SEM) which 

showed good homogeneous and were distributed uniformly throughout of the 

(PC/PS) polymeric blend. 

The optical characteristics of polymeric blend and nanocomposites 

were studied in the wavelength range (260-860) nm. The experimental results 

showed that the absorbance, absorption coefficient, Urbach energy, refractive 

index, extinction coefficient, (real and imaginary) dielectric constants and 

optical conductivity of nanocomposites were increased with an increase of the 

additive of (SiC/MnO2 and SiC/Co2O3) nanoparticles contents, while 

transmittance, skin depth, and energy band gap were decreased with increasing 

the (SiC/MnO2 and SiC/Co2O3) nanoparticles contents.  

The results displayed that the D.C electrical conductivity of 

nanocomposites increases with increasing the (SiC/MnO2 and SiC/Co2O3) 

nanoparticles contents and temperatures. The A.C electrical characteristics of 

nanocomposites were studied in the frequency ranging (100 − 5 × 106) 𝐻𝑧 at 

standard room temperature. The experimental results showed that the dielectric 

constant, dielectric loss and A.C electrical conductivity of nanocomposites 

were increased with increasing the (SiC/MnO2 and SiC/Co2O3) nanoparticles 

contents. The dielectric constant and dielectric loss of nanocomposites was 

decreased with increasing the frequency of the applied electric field, while A.C 

electrical conductivity increases with increasing the frequency and contents of 

(SiC/MnO2 and SiC/Co2O3) nanoparticles.  



 

II 

The antibacterial activities of (PC/PS) polymeric blend, (PC-PS/SiC-

MnO2), and (PC-PS/SiC-Co2O3) bionanocomposites have been tested against 

pathogen (Staphylococcus aureus as Gram-positive bacteria, and Salmonella 

enterica as Gram-negative bacteria). The results showed that the inhibition zone 

diameter increases with increasing of (SiC, MnO2 and Co2O3) nanoparticles 

additives weight ratio, and the Gram-positive bacteria have greater resistance 

to these nanoparticles compared to Gram-negative bacteria. The results showed 

that strong activities are the inhibition zone was increased with the increases   

of (SiC, MnO2 and Co2O3) nanoparticles contents. 

The absorbance of methylene orange dye decreased with adding 

SiC/MnO2 nanoparticles, and SiC/Co2O3 nanoparticles contents. Also,              

the absorbance of methylene orange dye of (PC/PS) polymeric blend,              

(PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) bionanocomposites samples 

decreases with an increase in the time of the irradiation. The photodegradation 

percentages for nanocomposites increase with the increase the time of the 

irradiation which leads to increase the photocatalytic reaction and reduced 

electron/hole recombination. The results show that the photocatalytic activity 

of nanocomposites was increased with increase the contents of (SiC, MnO2 and 

Co2O3) nanoparticles. It is found the best photocatalytic activity for (PC-PS-

SiC-Co2O3) nanocomposites was 27.94% within 30 minutes and 73.26% within 

90 minutes at content (5.2 wt.%) of (SiC/Co2O3) nanoparticles. As a result, the 

nanocomposites have good photodegradation for organic pollutants. 

The measurements of the pressure sensor for bionanocomposites       

were studied in the applied pressure range (80-160) bar using a locally 

manufactured system with high sensitivity. The results showed that the 

electrical capacitance of nanocomposites increases with increasing contents of 

additives and applied pressure. From the measurements of the sensing 

properties of nanocomposites for 160 bar, it is clear that nanocomposites are a 

good sensor for this pressure. It was found that the best sensitivity for 

nanocomposites (PC-PS/SiC-MnO2) is 69.85% at a content of 5.2 wt.% and as 

a result, the nanocomposites (PC-PS-SiC-Co2O3) have higher sensitivity to 

pressure.
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 Chapter One: Introduction and Literature Survey 

1.1 General Introduction 

The scientific community is very interested in nanocomposites (NCs) 

because of their useful properties and wide range of potential uses, such as 

sensors, conductive coatings, microwave absorbers, energy storage, or other 

some devices. It is common to practice favoring polymer composites (PCs) 

with high dielectric constants when developing electrical components and 

capacitors [1]. According to their dimensions, nanomaterials can be divided 

into three-dimensional nanoparticles and nanoshells, two-dimensional 

nanotubes, nanofibers, and nanowires, one-dimensional thick coatings and 

layers, and zero-dimensional nanospheres and nanoclusters. In general, there is 

a great deal of interest in metal oxide nanomaterials as a result of their potential 

use in a vast array of applications, such as antibacterial activity [2].  

In recent years, nanotechnology's applications have only increased, 

with the highest potential application in the field of materials, followed by 

applications in electronics and medical. The following are some potential 

nanotechnology applications: Filters for economically efficient desalination of 

water. Microsensors and diagnostics for antibacterial dressings and coatings 

that are more effective [3]. The physical, chemical, and structural properties of 

polymer composites (PCs) are as varied as those of the scientific and 

technological disciplines. Because of its multifunctional properties, such as low 

toxicity, simplicity of processing and sterilization, increased shelf life, and the 

low weight, it is used in various industries, including electronics, robotics, and 
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medicine [4]. However, traditional polymer composites have disadvantages 

that limit their utility, such as weak mechanical strength and inadequate 

antibacterial and barrier qualities. Due to nanotechnology and polymer science 

developments, nanomaterial-based polymer composites (PNCs) have proven to 

be an effective method of overcoming these limitations [5–7]. Polymer 

nanocomposites are synthesized by reinforcing nanoparticles of varying shapes 

and sizes inside a polymer matrix [8]. However, the effectiveness of this 

reinforcement relies heavily on the aspect ratio, size, orientation, and dispersion 

of the nanoparticles involved [9]. These nanofillers reinforce polymer 

nanocomposites, improving their mechanical, thermal, barrier, and 

flammability qualities without affecting their processability [10, 11]. 

Nanomaterials such as polymer nanofibers, natural clays, metal oxides, metal 

particles, and nanomaterials based on carbon allotropes are employed to 

produce polymer nanocomposites [12]. 

Massive industrial expansion necessitates increasingly diverse and 

large quantities of chemicals in industrial processes. However, these activities 

are always accompanied by a massive degradation of ecosystems due to the 

production of various pollutants [13]. Worse, the majority of these 

contaminants are discharged directly into the environment without any 

treatment, posing not only an aesthetic problem but also a toxicological one, 

which is regarded as the one of the most pressing problems in the recent 

decades [14]. Most of these compounds are organic molecules used in things 

like colours and pharmaceuticals [15]. According to the ionic charge of their 

molecules, dyes are classified as anionic, cationic, or non-ionic; among these 

three types, the cationic group is regarded as the most poisonous [16]. 

Pharmaceuticals, such as the anti-inflammatory medications, antibiotics, 

analgesics, and others, are known to be highly reactive and potent carcinogenic 

compounds that cause damage to the DNA of cells. The toxicity of these 

substances varies according to their chemical makeup and the mechanism of 

action [17]. As a result of their widespread application, effluents from 
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industries including the medical sectors, tanning, textile,  leather finishing, pulp 

and paper, cosmetics,... etc., are becoming increasingly chemically 

concentrated [18]. 

1.2 Polymers 

A polymer is a large molecule, or micromolecule, composed of many 

repeated subunits. Because of their broad range of properties, both synthetic 

and natural polymers play an essential and ubiquitous role in everyday life. 

Polymers range from familiar synthetic plastics such as polystyrene to natural 

biopolymers such as DNA and proteins that are fundamental to biological 

structure and function. Polymers, both natural and synthetic, are created via 

polymerization of many small molecules, known as monomers [19]. Their 

consequently large molecular mass relative to small molecule compounds 

produces unique physical properties, including toughness, viscoelasticity, and 

a tendency to form glasses and the semicrystalline structures rather than 

crystals [20]. 

Most commercial polymers are insulators due to how easily they can be 

manufactured, but polymers with a certain composition can act as 

semiconductors and thick films are just one of the many applications for 

polymeric materials, which can be made and processed in a variety of ways. 

[21]. It is composed of large organic molecules connected by chains of varying 

lengths, and these molecules are composed of monomers held together by 

covalent bonds [22]. In recent years, the functionalities of polymers that are 

synthesized to meet specific requirements of daily life have become 

increasingly important. Therefore, it is necessary to understand the properties 

of polymers. Polymers can be formed of chemical bonds such as covalent 

bonds, which are responsible for linking long polymer chains, and physical 

bonds including Van der Waals forces, dipolar bonds, and hydrogen bonds. 

Physical bonds such as hydrogen bonding have a significant impact on the 
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physical properties of polymers. They depended on the molecular weight, 

polymer content, and solvent method varieties [23]. 

Polymers can be classified in several kinds based on the following 

categories [24, 25]. Such as source, polymerization, molecular forces, structure 

and degradability polymers as shown in Figure 1.1.  

 

Figure 1.1: Classification flow chart of Polymers [24, 25].  

In every aspect of our existence and in every field, polymeric materials 

are ubiquitous. With all of its wealth and convenience, it is difficult to envision 

the modern world without polymeric materials. Polymer science is cutting-

edge, thrilling, and straightforward to implement in a variety of contexts. 

Despite these significant characteristics, the polymer's structure flaws result in 

poor mechanical properties [26]. As a result, researchers have been working to 

create new methods and strategies for developing polymers of high quality, 

such as electrical, physical, thermal, and mechanical properties, that may have 

a variety of applications [27]. Nanotechnology is one of the finest and most 

successful methods that have been applied; polymer nanocomposite has been 

involved more and is receiving more attention from researchers, engineers, and 
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the industrial sector in order to improve the performance of the new 

nanocomposite [28]. Utilised nanofillers, interface interaction, component 

quality, and a host of other variables all influence enhancement [29]. Where 

nanofillers have an impact on material properties. Assuming that interaction 

occurs between the dispersed particles and the matrix, the carbon family has 

recently been regarded as the most important nanofiller due to its ability to 

modify and enhance the properties of the materials [30]. 

Polymers have advanced significantly over the past decade. Scientists 

are currently developing polymers of the utmost quality for use in a variety of 

applications, and polymer research is rapidly advancing in a number of 

fascinating ways [31]. In addition, it expanded into numerous industries and 

applications, including photovoltaic cells, optoelectronics, and the medical 

field [32]. 

1.3 Polymer Blends 

Polymers blended were the result of simple mechanical mixing of two 

or more polymers, which is considered a polymer modification operation. Like 

a metal alloy, a polymer blend consists of at least two distinct polymers that 

have been combined to create a new material with unique features [33]. The 

fate of polymer blends is derived from the compatibility and or miscibility of 

their components [34]. The majority of experimental studies have been 

conducted via casting from solution, whereas the majority of commercial 

polymer mixtures are prepared via melt mixing by twin-screw extrusion. 

Specific interactions between polymer chains determine the miscibility of two 

polymers. The entropy factor in equation (1.1), which represents the second 

law of thermodynamics, can explain this phenomenon [35]. 

 ∆𝐺𝑏 = ∆𝐻𝑏 − 𝑇 ∆𝑆𝑏 (1.1) 

where, ∆𝐺𝑏 is  change in free energy, ∆𝐻𝑏 is change in enthalpy, ∆𝑆𝑏 is 

change in entropy, and 𝑇 is absolute temperature. 
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For a homogeneous miscible mixture, the Gibbs free energy of 

combining must be negative. For polymer mixtures with a high molecular 

weight, the increase in entropy is negligible. Consequently, the free energy of 

mixing can only be negative if the mixture heat is negative. This necessitates 

exothermic mixing, which typically necessitates specific interactions between 

the components of the composite. Hydrogen bonding, ion-dipole, dipole-

dipole, and donor-acceptor interactions are examples of interactions that can 

range from strongly ionic to feeble and non-bonding [36]. On the basis of 

miscibility, three classes of mixtures can be distinguished: (I) completely 

miscible mixtures, (II) partially miscible mixtures, and (III) completely 

immiscible mixtures. Completely miscible mixtures consist of a single phase. 

This form of blend possesses a single glass transition temperature (𝑇𝑔) that lies 

between the 𝑇𝑔 of both blend components and is closely related to the blend's 

composition. Partially miscible mixtures, in which a portion of one mixture 

component is dissolved in the other, typically exhibit excellent compatibility 

and delicate phase morphologies. However, entirely immiscible mixtures 

display a coarse phase morphology with a sharp interface and poor adhesion 

between the two phases. This is the reason for the frequently observed subpar 

properties of immiscible blends, which are highly dependent on the phase sizes 

and distributions [37]. 

Polymer mix formation is a time-honored technique for creating novel 

materials with improved characteristics. Most polymer blends tend to phase 

split due to the substantial unfavourable enthalpy, leading to subpar mechanical 

characteristics. Since the performance of polymer blends is dependent on the 

interface between polymer components, managing the phase behaviour and 

morphology becomes an important factor. For decades, scientists have relied 

on block and graft copolymers to fortify interfaces and stabilise morphologies. 

However, they are system-dependent, complex to build and manufacture, and 

prohibitively expensive for systems with more than two parts [38]. 
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There are several reasons to add filler of polymers, and polymeric 

blends are [39]: 

1. Filler in a polymer can be used to create composites. 

2. Pigments are used to colour the final polymer product. 

3. Fillers are widely available and inexpensive; therefore, the price of the final polymer product 

can be estimated. 

4. For better mechanical (toughness, bending, and strength), electrical (conductivity), and 

optical (dispersion) qualities in polymers. 

1.4 Nanocomposites Materials 

In the context of multiphase materials, nanocomposites are those in 

which one of the phases contains nanoscale additives. Nanocomposites can be 

broken down into three different types based on the matrix materials                 

they are made of the ceramic matrix nanocomposites (𝐶𝑀𝑁𝐶), the polymer 

matrix nanocomposites (𝑃𝑀𝑁𝐶), and the metal matrix nanocomposites 

(𝑀𝑀𝑁𝐶) [40]. Due to their high resistivity and dielectric characteristics, 

polymers have been utilised as insulators since the beginning of scientific 

literature. Insulators made of polymers are used in electronics to keep 

conductors apart without conducting electricity. Electronics, printed circuit 

boards, and cable sheathing are all examples of insulator applications of 

polymers. Polymers' many benefits include their inexpensive price, simple 

production, adaptability, high strength, and excellent mechanical qualities. As 

part of the photolithography procedure, it is essential in the production of 

microelectronics [41]. 

In recent years, one category of materials known as polymeric 

nanocomposites, which are made up of inorganic nanoparticles and organic 

polymers, has attracted a significant amount of attention [42]. The 

nanocomposites applications are quite promising in the fields of 

microelectronic packaging, medicine, automobiles, optical integrated circuits, 

drug delivery, injection molded products, sensors, membranes, aerospace, 
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packaging materials, coatings, fire-retardants, adhesives, consumer goods, … 

etc [43]. 

Bionanocomposites (BNCs) represent a promising frontier in 

nanotechnology life sciences and materials. Bionanocomposites consist of a 

polymer matrix and an organic/inorganic substance that has at least one 

nanoscale dimension [44]. Bionanocomposites constitute an intriguing 

interdisciplinary field that combines materials science, biology, and 

nanotechnology. New bionanocomposites have an effect on many fields, 

particularly biomedical science [45].  

1.5 Applications of Polymer Nanocomposites 

General Nanocomposites are materials in which at least one of the 

phases has nanoscale dimensions [46]. Their capabilities are so promising that 

they may be used in a wide range of applications from packaging to 

biomedicine [47]. Polymer nanocomposites have gotten a lot of attention in 

academia and industry over the last few decades and they've become a key 

component in the development of novel advanced materials for a variety of 

applications including electrical engineering [48]. Nanotechnology is a new 

science that has developed in which it has been observed that materials exhibit 

significantly different properties at nanometer sizes compared to properties of 

the same material at larger particle sizes. Nanotechnology is an emerging 

multidisciplinary technology that has flourished in many fields during the last 

decade, including science materials, mechanics, electronics, optics, medicine, 

plastics, energy and aerospace [49].  

There are many studies on characteristics of composites and 

nanocomposies included optical properties, electrical and dielectric 

characteristics, to employ in various applications involved piezoelectric and 

sensors, biomedical, environmental and radiation shielding, electronic and 

optoelectronics, and energy storage [50, 51]. 
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1.6 The Characteristics of Materials Used in Present Study 

1.6.1 Polycarbonate (PC) 

Polycarbonate (PC) is an example of a complex thermoplastic material 

that is used a lot these days. It is tough, has good mechanical properties, and is 

clear. Polycarbonate is also very stable at high temperatures, easy to work with, 

resistant to stains, non-toxic, and has low water absorption. Polycarbonate is 

great for electrical uses because it has a high dielectric strength and resistivity 

in volume that only goes down as the temperature is raised [52]. as shown in 

Figure 1.2, (Designed by the GaussView 6 program). 

 

Figure 1.2: The molecular structure of polycarbonate: A) 1-monomer, and B) 3-

monomers 

Polycarbonate is mainly used in electronic applications that take 

advantage of security features. Being a good electrical insulator with heat-

resistant and flame-retardant properties, it is used in many products associated 
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with telecommunication devices and electrical appliances and can also act as 

an electrical insulation in highly stable capacitors [53]. PC's got their name 

because they are polymers containing carbonate groups abalance of beneficial 

features, including temperature resistance, shock resistance, and optical 

properties, places polycarbonate between commodity plastics and engineering 

plastics [53, 54]. PC characteristics are shown in Table 1.1. 

Table 1.1: Characteristics of the polycarbonate polymer [54]. 

No. Property Value (unit) 

1 Chemical formula [𝐶15𝐻16𝑂2]
𝑛
 

2 Band gap (𝐸𝑔) 4.45 𝑒𝑉 

3 Dielectric constant (𝜀) (2.8 − 3.4)  

4 Resistivity (𝜌𝐷.𝐶) (1015 −1018
)  Ω . 𝑐𝑚  

5 Density (𝜌𝑝) (1.19−1.22) 𝑔/𝑐𝑚3 

6 Refractive index (𝑛)  1.57 at 𝜆 = 573.1 𝑛𝑚 

7 Glass transition temperature (𝑇𝑔) (158−134) °C  

8 Melting temperature (𝑇𝑚) (255−267) °C 

9 Heat capacity (𝐶𝑝
′ ) 1.302 𝐾𝐽/𝐾𝑔.𝐾 

1.6.2 Polystyrene (PS) 

Polystyrene (PS) is one of the most common thermoplastic polymers 

used in many industries, such as food packaging. Due to its high stiffness, 

strength, durability, good thermal properties, low moisture absorption, 

transparency, light density, ease of processing and molding, and low cost, this 

polymer is often used to package food [55]. PS is a flexible plastic that is 

commonly used in several aspects of human life and industry due to its low 

cost, light weight, ease of fabrication, flexibility, thermal efficiency, durability, 

and moisture resistance. However, polystyrene is exceptionally stable and 

difficult to degrade in the surroundings after disposal [56]. PS characteristics 

are shown in Figure 1.3, (Designed by the GaussView 6 program). 
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Figure 1.3: The molecular structure of polystyrene: A) 1-monomer, and B) 3-monomers 

Model cars and airplanes are made from polystyrene, and it is also made 

in the form of foam packaging and insulation, Clear plastic drinking cups are 

made of polystyrene. So are a lot of the molded parts on the inside of your car, 

like the radio knobs. Polystyrene is also used in toys, and the housings of things 

like hairdryers, computers, and kitchen appliances. Polystyrene is produced by 

free radical vinyl polymerization, from the monomer styrene [57]. Table 1.2 

show's the some characteristics of Polystyrene (PS). 

Table 1.2: Characteristics of the polystyrene polymer [58]. 

No. Property Value (unit) 

1 Chemical formula [𝐶8𝐻8]
𝑛
 

2 Band gap (𝐸𝑔) 4.59 𝑒𝑉 

3 Dielectric constant (𝜀) (2.49 − 2.55)  

4 Resistivity (𝜌𝐷.𝐶) (1020 −1022
)  Ω . 𝑐𝑚  

5 Density (𝜌𝑝) (1.04−1.065) 𝑔/𝑐𝑚3 

6 Refractive index (𝑛)  1.59 at 𝜆 = 589.3 𝑛𝑚 

7 Glass transition temperature (𝑇𝑔) (97−110) °C  

8 Melting temperature (𝑇𝑚) (240) °C 

9 Heat capacity (𝐶𝑝
′ ) 1.185 𝐾𝐽/𝐾𝑔.𝐾 
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1.6.3 Silicon carbide nanoparticles (SiC NPs) 

The silicon carbide (SiC) properties that make it useful in a wide range 

of applications include its high thermal stability, mechanical strength, electrical 

conductivity, pore volume, surface area, and roughness. Therefore, using SiC 

as a composite material would be highly advantageous in boosting the 

photocatalytic activity of the semiconductor metal oxides [59]. SiC offers 

superior resistance to wear and mechanical strength. SiC particles in the 

reinforced particulate can serve as both a cutting edge and an abrasive at the 

tool-work piece interface during machining. It also impacts the mechanical 

properties of composites, such as tensile strength and hardness. The presence 

of abrasive regions within the metal work piece causes rapid tool wear, 

increases cutting power, and significantly impacts the machined surface quality 

[60]. SiC may offer a safe way to protect vital surfaces against bacterial 

adherence and degradation without sacrificing the bulk rates of conventional 

dental material technologies [61]. Figure 1.4, shows the lattice structure of SiC 

and the important characteristics of the SiC nanoparticles can be summarized 

in Table 1.3. General representation of [A) the molecular structure B) the 

crystalline structure] of the SiC nanoparticles, (Designed by the A-GaussView 

6, and B-VESTA program). 

 

Figure 1.4: General representation of [A) the molecular structure B) the crystalline 

structure] for SiC nanoparticles 
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Table 1.3: Characteristics of Silicon Carbide nanoparticles [62]. 

No. Property 𝑺𝒊𝑪 

1 Direct band gap (𝐸𝑔) 3.26 𝑒𝑉 

2 Indirect band gap (𝐸𝑔) 2.58 𝑒𝑉 

3 Color 𝑆𝑖𝑙𝑣𝑒𝑟 − 𝑏𝑙𝑎𝑐𝑘 𝑠𝑜𝑙𝑖𝑑 

4 Crystal Structure 𝐹𝑚3̅𝑚, Cubic 

5 Density  (3.21) 𝑔/𝑐𝑚3 

6 Lattice Constants  𝑎=𝑏=𝑐=4.0502 𝐴° 

7 Melting Point  (2760−2850) °C  

8 Solubility in water 𝑖𝑛𝑠𝑜𝑙𝑢𝑏𝑙𝑒 

9 Molar mass  40.096 𝑔/𝑚𝑜𝑙 

 

1.6.4 Manganese dioxide nanoparticles (MnO2 NPs) 

Manganese (IV) oxide or manganese dioxide is the inorganic 

compound with the formula (MnO2). This blackish or brown solid occurs 

naturally as the mineral pyrolusite, which is the mainore of manganese and a 

component of manganese nodules. MnO2 acts as a diverse material in technical 

and fundamental aspects [63].  

Manganese dioxide exhibited various feasibilities in wide application 

such as catalysis, molecular adsorption, sensors, energy storage electrodes, etc. 

. In addition, MnO2 can also be available for environmental technology such as 

dye degradation, wastewater treatment, photocatalytic degradation of organic 

pollutants and photo-electrochemical hydrogen production [64]. Figure 1.5, 

shows the lattice structure of MnO2 and the important characteristics of the 

MnO2 nanoparticles can be summarized in Table 1.4. 

The manganese oxide nanoparticles (MnO2) have a lot of potential for 

long-term nanotechnology. Due to their favorable physical and chemical 

properties, MnO2 can be used in molecular sieves, solar cells, batteries, 

catalysts, magnetic materials, optoelectronics, drug delivery ion-sieves, and 
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other areas such as imaging contrast agents, magnetic storage devices, and 

water treatment and purification. Furthermore, Mn-oxides are often less 

poisonous materials than other compounds on which NPs are based, such as 

various chalcogenides, and they have environmental friendliness, high specific 

capacitance, and cost-effectiveness [65]. General representation of [A) the 

molecular structure B) the crystalline structure] of an MnO2 nanoparticles, 

(Designed by the A-GaussView 6, and B-VESTA program). 

 

Figure 1.5: General representation of [A) the molecular structure B) the crystalline 

nanoparticles 2MnO orstructure] f 

Table 1.4: Characteristics of Manganese (IV) Oxide nanoparticles [66]. 

No. Property 𝑴𝒏𝑶𝟐 

1 Direct band gap (𝐸𝑔) 3.70 𝑒𝑉 

2 Indirect band gap (𝐸𝑔) 2.41 𝑒𝑉 

3 Color 𝐵𝑟𝑜𝑤𝑛 − 𝑏𝑙𝑎𝑐𝑘 𝑠𝑜𝑙𝑖𝑑 

4 Crystal Structure 𝐼4/𝑚, Tetragonal 

5 Density  (3.19) 𝑔/𝑐𝑚3 

6 Lattice Constants  𝑎=𝑏= 9.71686 𝐴° 

𝑐= 2.85470 𝐴° 

7 Melting Point  (2760−2850) °C  

8 Solubility in water 𝑖𝑛𝑠𝑜𝑙𝑢𝑏𝑙𝑒 

9 Molar mass  40.096 𝑔/𝑚𝑜𝑙 

A B 
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1.6.5 Cobalt trioxide nanoparticles (Co2O3 NPs) 

Cobalt trioxide (Co2O3) is a highly insoluble thermally stable Cobalt 

source suitable for glass, optic and ceramic applications. Oxide compounds are 

not conductive to electricity. However, certain perovskite structured oxides are 

electronically conductive finding application in the cathode of solid oxide fuel 

cells and oxygen generation systems. They are compounds containing at least 

one oxygen anion and one metallic cation [67]. They are typically insoluble in 

aqueous solutions (water) and extremely stable making them useful in ceramic 

structures as simple as producing clay bowls to advanced electronics and in 

light weight structural components in aerospace and electrochemical 

applications such as fuel cells in which they exhibit ionic conductivity. Metal 

oxide materials have increasing demand in the scientific community due to 

their eco-friendliness, stability, natural abundance ease of synthesis, and wider 

application purposes [68]. Figure 1.6, shows the lattice structure of Co2O3 and 

the important characteristics of the Co2O3 nanoparticles can be summarized in 

Table 1.5. General representation of [A) the molecular structure B) the 

crystalline structure] of an Co2O3 nanoparticles, (Designed by the A-

GaussView 6, and B-VESTA program). 

 

Figure 1.6: General representation of [A) the molecular structure B) the crystalline 

structure] for Co2O3 nanoparticles 

B A 
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Cobalt oxide nanostructures have been considered as promising 

electrode materials for various electrochemical applications, especially for 

supercapacitors, batteries, and electrocatalysis, owing to their unparalleled 

advantages of high theoretical capacity, highly-active catalytic characteristics, 

and outstanding thermal/chemical stability [69].  

Table 1.5: Characteristics of Cobalt (III) Oxide nanoparticles [67, 70]. 

No. Property 𝑪𝒐𝟐𝑶𝟑 

1 Direct band gap (𝐸𝑔) 3.27 𝑒𝑉 and 2.65 𝑒𝑉 

2 Indirect band gap (𝐸𝑔) 2.04 𝑒𝑉 and 1.79 𝑒𝑉 

3 Color 𝑏𝑙𝑎𝑐𝑘 𝑠𝑜𝑙𝑖𝑑 

4 Crystal Structure 𝐶𝑚𝑐𝑚, Orthorhombic 

5 Density (5.87) 𝑔/𝑐𝑚3 

6 Lattice Constants 𝑎= 3.01850 𝐴° 

𝑏= 9.84905 𝐴° 

𝑐= 15.21637 𝐴° 

7 Melting Point (840−895) °C  

8 Solubility in water 𝑖𝑛𝑠𝑜𝑙𝑢𝑏𝑙𝑒 

9 Molar mass 240.83 𝑔/𝑚𝑜𝑙 

 

1.7 Literature Survey 

There are many applications for nanocomposites as medical and 

industrial applications. So, the structural, morphological, electrical and optical 

characteristics were studied by many researchers, to know the advantages for 

their applications. 

In 2012, B. S. Rathore et al. [71], examined the polycarbonate/polystyrene 

composite sheets were bombarded with 55 MeV Carbon ions at 1×1011 – 1×1013 

ions/cm2. Polymer composites films were made via solution mixing. UV-vis, 

FT-IR, and optical microscopy were used to study the impacts of the ion beam 
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on PC/PS composite films' structural, optical, and surface morphology. As 

fluences increase, UV-vis spectra show that energy band gap and transmittance 

drop and carbon atoms increase.  At high ion fluences, FT-IR spectra showed 

little change in crosslinking and chain scissoring, but optical microscopy 

showed a colour change. 

In 2013, B. Tripathi [72], used the solvent casting was presented work deals 

with Multiwall Carbon Nanotube (MWNT) / polycarbonate (PC) 

nanocomposites have been synthesized by solution cast method and 

characterized by various techniques for their use as an energy storage system. 

Ultraviolet-Visible (UV-VIS) spectra show enhanced optical absorption. 

Cyclic voltammetric results show enhanced capacitance at higher concentration 

of MWNTs in PC matrix. Optical micrographs show optical uniformity and 

surface morphology of MWNT/PC nanocomposites. 

In 2014, B. H. Rabee et al. [73], investigated the impact of Zinc chlorides on 

optical and electrical properties of (PS-PMMA) copolymer have been 

investigated. The samples of composites were prepared by using casting 

technique. The optical properties measured in the wavelength range from 200 

nm to 800 nm. The experimental results showed that the absorbance, absorption 

coefficient, energy band gap, extinction coefficient, refractive index and real 

and imaginary parts of dielectric constants are increasing with the increase of 

the Zinc chloride concentration. The electrical properties measured in 

temperature range from 300°C to 800°C. The results showed that the D.C 

electrical conductivity (PS/PMMA) copolymer is increased with the increasing 

of the weight percentages of Zinc chloride and temperature. The activation 

energy of composites decreases with increase of Zinc chloride concentration. 

In 2015, M. S. Gaur and B. S. Rathore [74], performed by using a solution-

mixing method, Polycarbonate (PC)/Zinc oxide (ZnO) nanocomposite films 

were made and then blasted with Swift heavy ions at different fluences ranging 



Chapter One ……………….....…...……………...... Introduction and Literature Survey 

18 

from 1×1011 to 3×1013. Fourier transform infrared spectroscopy (FTIR), and 

differential scanning calorimetry, Thermogravimetric (TG), and thermally 

stimulated discharge current (TSDC) were used to look at the surface 

morphology, structure, and thermal properties of untreated and irradiated 

PC/ZnO nanocomposite films. The TSDC test shows that there are different 

kinds of ways to relax. For -relaxation peak, the activation energy released 

charge and charge carrier mobility go down, while the relaxation time and peak 

current go up. With more ions, TG measurements show that temperature 

stability and mass loss go down. In PC and nanocomposite films, FTIR readings 

show where different bonds are. Ion fluences are seen to make the glass 

transition temperature of nanocomposites go down. 

In 2016, S. Agarwal et al. [75], prepared the ZnO nanoparticles that are 

uniformly dispersed in a Polycarbonate/Polymethylmethacrylate (PC/PMMA) 

blend nanocomposites simple chemical method has been utilized. The size of 

the nanoparticles has been confirmed to be approximately 11 nm using 

Transmission Electron Microscopy (TEM). Optical constants, such as band 

gap, extinction coefficient, refractive index, and the real & imaginary parts of 

the dielectric constant, have been determined from the absorption spectra, 

which were obtained using a UV-Visible spectrophotometer. The results 

demonstrate that the band gap reduces as the ZnO weight percentage increases 

in the blend nanocomposites. Moreover, an increase in the refractive index has 

been observed with the increasing content of ZnO. These types of blend 

nanocomposites have practical applications in UV-shielding and waveguide 

technologies.  

In 2017, G. Santhosh et al. [76], manufactured the solution intercalation with 

halloysite nanotubes (HNTs) reinforced polycarbonate (PC) nanocomposites 

was used. The structural and dielectric characteristics of HNT content were 

examined. To determine how nano-fillers affect PC's electrical properties, the 

films' qualities were examined. HNT's reinforcing effect improves 
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performance. Polycarbonate's electrical conductivity improved with more than 

4 wt% HNT. Interestingly, HNT incorporation greatly boosts the dielectric 

permittivity of composite films with low dielectric loss, making 

nanocomposites interesting for practical applications such electrical devices, 

electrical packaging, and capacitors. Fourier transform infrared spectroscopy, 

and scanning electron microscopy revealed structural details. 

In 2018, S. Li et al. [77], synthesized the zein, poly propylene carbonate (PPC), 

and nano-TiO2 were extruded into composite films. SEM, DSC, FTIR, and 

mechanical characteristics were used to characterise the samples. The Halsey 

equation predicts composite film tensibility under varying humidity conditions 

by relating tensile strength to relative humidity. Zein and PPC formed a 

homogenous network structure and consistent nano-TiO2 distribution in films, 

according to the SEM investigation. Additionally, the composite films were 

thermally stable. The structural study showed that ester groups formed 

complexes. The photocatalytic degradation of methyl orange (MO) followed 

pseudo first-order kinetics and removed up to 85.06% of MO. Zein/PPC/nano-

TiO2 film performed well against E. coli, S. aureus, and salmonella in the 

antibacterial trial. The proposed film may be a food packaging option, 

according to the results. 

In 2019, Y. Khairy et al. [78], adsorbed the cationic and anionic dyes of 

photodegrading on TiO2-chitosan nanocomposites. Adsorption, 

photodegradation, and TiO2-Chitosan nanocomposite specific surface area, 

pore volume, and pore size were examined. TiO2-nanocomposite was 

combined with cationic and anionic dyes for different contact times and initial 

dye contents to get the desired results. Chitosan content (TiO2/Chit 0.13) 

lowered the nanocomposite's SBET. Chitosan surface-NH2 and -OH contents 

impacted nanocomposite adsorption. TiO2-chitosan nanocomposites removed 

anionic dye better than cationic dye, with MO having a higher maximum 

adsorption capacity (qm) and even higher reported reaction constant (kObs). 
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In 2019, A. M. Patki et al. [79], studied the solution-pressed hexagonal boron 

nitride (h-BN) reinforced polycarbonate (PC) composites were made. h-BN 

was 0–60 wt.% (~ 44.4 vol%). Composite morphology, electrical volume 

resistivity, microhardness, and dielectric characteristics were characterised. 

SEM demonstrated homogeneous h-BN particle distribution in the PC matrix. 

Fourier transforms infrared spectroscopy demonstrated no change in composite 

PC shape. 60 wt.% h-BN composites had 3.9 dielectric constants. The 

composites have a dissipation factor of less than 0.007 and a steady dielectric 

constant from 1 kHz to 10 MHz compared to pure PC. Composites have 

electrical volume resistivity similar to pure PC. At 50 wt.% h-BN content, 

microhardness climbed 25%, then decreased somewhat. 

In 2020, M. F. H. Al-Kadhemy et al. [80], prepared the Pure blend 

Polycarbonate-Polystyrene (PC-PS) and doped blend films with various 

volume of Coumarin dye were prepared by using the casting method. The 

absorption and transmission spectra for these films were measured using 

UV/VIS spectrometer technique in order to assess the type of transition which 

was found to be an indirect transition. The optical energy gaps of pure PC was 

4.24 eV, pure PS was 4.39 eV, Coumarin dye was 4.08 eV, and the pure blend 

was 4.1 eV. After doping blend with Coumarin dye, the energy gap was 

decreased by 0.06 eV in a volume of 12 ml. The results showed that the 

absorption coefficient and energy band gap are affected by doping. When the 

Coumarin dye was added to the pure blend with different concentrations (12, 

24, 36, and 48) ml, the FTIR spectrum was affected by the disappearance of 

peaks and appearance of new ones. 

In 2021, N. A. H. Al-Aaraji et al. [81], improved the PVA/CuO-SiC 

nanocomposites' dielectric characteristics for electronics. PVA films and CuO-

SiC NPs-doped PVA were cast. PVA/CuO-SiC nanocomposites were 

examined using FTIR and optical microscopy. LCR metres measured dielectric 

characteristics from 100 Hz to 5 MHz. Structural properties of PVA/CuO-SiC 
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nanocomposites showed no chemical interactions. PVA matrix CuO-SiC NPs 

are also abundant. Dielectric characteristics of PVA increased with CuO-SiC 

NPs content. PVA/CuO-SiC nanocomposites dielectric characteristics vary 

with frequency. Finally, the structural and dielectric features of PVA/CuO-SiC 

nanocomposites make them suitable for lightweight, flexible, and corrosion-

resistant electronics applications. 

In 2021, Y. K. Saraswat et al. [82], used the solvent casting was presented 

work deals with the structural and optical properties of chemically synthesized 

TiO2 nanoparticles filled PC/PS blend nanocomposites. A series of PC/PS 

(100/0, 50/50, 0/100 wt.%/wt.%) -TiO2 (1, 2, 3 wt %) blend nanocomposites 

have been prepared by solution casting method. Prepared blend 

nanocomposites have been subjected to SEM and FTIR for structural analysis. 

Optical constants have been analyzed using UV-Vis spectroscopy. The SEM 

and FTIR spectrum confirms the formation of PC/PS-TiO2 blend 

nanocomposites. Results reveal the decrease in band gap and enhancement in 

optical constants like, extinction coefficient, refractive index and dielectric 

constants of blend nanocomposites with nanofiller TiO2 content. 

In 2022, Y. Chen et al. [83], used the two processes, CeO2 nanoparticles (NPs) 

crystallise on polyaniline (PANI)-modified polystyrene (PS) latexes. UV–Vis 

spectra, Fourier-transform infrared, and photoluminescence (PL) spectroscopy 

characterised the polymer/CeO2 products. Photocatalysts, core/shell 

polymer/CeO2 composites destroyed methylene blue dye molecules in water. 

PS/PANI/CeO2 ternary hybrids were compared to PS/CeO2 binary composites 

for UV photocatalysis. UV–Vis and PL spectra showed that PS/PANI/CeO2 

had a lower bandgap, a wider light response range, and a greater separation 

efficiency of photogenerated electron–hole pairs, which boosted photocatalytic 

activity. As expected, the tri-layer PS/PANI/CeO2 hybrids demonstrated 

greater photodegradation efficiency than PS/CeO2 and commercial CeO2 NPs, 
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probably due to CeO2 and PANI synergy. Tri-layer PS/PANI/CeO2 hybrids 

photodegrade organic dye-containing wastewater. 

In 2022, A. H. Mohammed, and M. A. Habeeb [84], formed the solution 

casting (PVA-PVP-Co2O3) nanocomposites with 0–6.4 nanoparticle weight 

percent ratios. Optical imaging shows a continuous network of high-content 

cobalt oxide nanoparticles in polymers (6.4 wt.%). SEM demonstrates that 

(PVA-PVP-Co2O3) films have a uniform, cohesive surface with numerous 

aggregates. film optics. The weight percentages of Co2O3 enhanced the 

absorption coefficient, absorbance, refractive index, extinction coefficient, real 

and imaginary dielectric constants, optical conductivity, and transmittance, 

while transmittance decreased. The optical energy gap of (PVA-PVP-Co2O3) 

nanocomposites ranged from 4.58 eV for the blend to 3.82 eV for allowed 

indirect transition and 4.03 to 3.21 eV for banned indirect transition at 6.4 wt.% 

Co2O3. These findings may help photonics and optoelectronic nanocomposites. 

In 2022, H. A. J. Hussien et al. [85], controlled the research fabricates a (PEO-

PVP) mix doped with SnO2/MnO2 NPs for photodegradation of organic 

contaminants with cheap cost, high activity, propagation, and anti-aggregation. 

The polymer mix was 80 wt.% PEO and 20% PVP. In wavelength range (220–

820) nm, (PEO-PVP-SnO2-MnO2) nanocomposites were examined for 

structural and optical characteristics. Photodegradation of (PEO-PVP-SnO2-

MnO2) nanocomposites against organic contaminants was examined. Adding 

4.5 MnO2NPs increased (PEO–PVP) mix absorbance by 51%. By adding 4.5 

MnO2NPs, the energy gap for permitted and prohibited transitions dropped 

55% and 91%, respectively. This behaviour is beneficial for optoelectronics, 

photocatalysis, solar cells, and diodes since it is cheap and light. Finally, MnO2 

NPs ratios improved photodegradation activity of (PEO-PVP) mix and (PEO-

PVP-SnO2). (PEO–PVP–SnO2–MnO2) NCs with 4.5 wt% MnO2 NPs 

photodegrade 59%.  
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In 2022, A. J. K. Algidsawi et al. [86], the measured the PVA/PVP/MnO2 

nanostructure films for pressure sensors are lightweight, flexible, and 

inexpensive. The structural, dielectric, and optical properties of 

PVA/PVP/MnO2 nanostructures have been examined. The dielectric constant, 

dielectric loss, and A.C electrical conductivity of PVA/PVP mix increased 

increasing MnO2 NPs content. As frequency rises, dielectric constant and loss 

decrease and AC electrical conductivity rises. The absorbance of 

PVA/PVP/MnO2 nanostructures increased with MnO2 NPs content. The 

indirect energy gap of PVA/PVP mix decreased with MnO2 NPs content. With 

increasing MnO2 NPs content, blend optical constants vary. The electrical 

capacitance (Cp) rises with applied pressure in PVA/PVP/MnO2 nanostructure 

pressure sensors. 

In 2023, A. A. El-Gamal [87], created the composite and the effect of casting 

a polystyrene (PS)/poly-methyl methacrylate (PMMA) polymer blend with 

semiconductor and insulator fillers. We use a consistent (1 wt.%) content of 

semiconductors [multiwalled carbon nanotubes (MWCNTs), polyaniline 

(PANI), zinc oxide nanoparticles (NPs), and titanium dioxide NPs] and 

insulator [silicon dioxide NPs] fillers is used. Transmission electron 

microscopy scans reveal MWCNTs with an average diameter of 7-11 nm. 

Additionally, Fourier-transform infrared spectroscopy confirms shape and 

interaction of PS/PMMA polymer blend and additives. Different techniques are 

used to study polymer nanocomposites' structural, mechanical, optical, and 

dielectric properties. Absorbance, reflection, bandgap energy (Eg), and real and 

imaginary optical dielectric components are investigated. The results show that 

pure 20PS/80PMMA film has Eg(direct) = 4.46 eV, which decreases with filler 

addition. Due to conductive routes between the filler and blending matrix, 

MWCNTs and PANI improve PS/PMMA blend electrical conductivity.  
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1.8 Aims of The Present Work 

The principle aims of this work are: 

 
1. Synthesis a new types of (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites that 

they used in a wide variety of biomedical and industrial applications . 

2. The structural, morphological, optical, and (D.C and A.C) electrical characteristics of (PC-

PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites are studied. 

3. The biomedical and industrial applications of (PC-PS/SiC-MnO2) and (PC-PS/SiC-Co2O3) 

nanocomposites are investigated.
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 Chapter Two: Theoretical Background 

2.1 Introduction 

This chapter includes general descriptions of the theoretical part of the 

current study, the physical concepts, relationships, and the laws used to 

interpret the obtained results. There is increasing research in nanocomposites 

due to improvements in optical, electrical, thermal, mechanical characteristics 

of the materials [88]. In particular, nanoparticles represent as advanced 

technological materials due to their attractive electrical/optical characteristics 

and high refractive index [89].  

Nanocomposites of organic and inorganic materials can have 

advantages of both organic polymers (ductility, dielectric, flexibility) and 

inorganic materials (high thermal stability, strength, rigidity, hardness and high 

refractive index), thus have many applications [90]. 

2.2 The Linear Optical Characteristics 

In recent years, the search for optical characteristics has increased due 

to its applications in integrated optics such as optical information, storage 

optical data, optical modulation [91]. The optical properties of materials can be 

defined as any property that involves the interaction between electromagnetic 

radiation or light with  the matter, including absorption, polarization, reflection, 

and scattering effects [92]. When nanoparticles are added to the polymer, they 

lead to the development of the electrical, optical, and mechanical characteristics 

of the materials. Nanoparticles with polymers have been studied as alternative 

materials for optical applications such as planar waveguide devices and micro 

optical elements [93].  

Theoretical Background 
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2.2.1 Absorbance (𝑨)  

Absorbance can be defined as the ratio between the absorbed light 

intensity (IA) by material and the intensity of incident light (Io)
 [94]. 

 
𝐴 =  

𝐼𝐴
𝐼0

 (2.1) 

2.2.2 Transmittance (𝑻) 

The transmittance is given by the ratio of the intensity of the 

transmitting rays (𝐼𝑇) through the film to the intensity of the incident rays (𝐼0), 

on it as follows [95]: 

 𝑇𝑟 = 
𝐼𝑇
𝐼0

 (2.2) 

The reflectance (𝑅) can be obtained from absorption and transmission 

spectra in accordance with the law of conservation of energy by the following 

relation [96]. 

 𝑅 = 1 − (𝐴 + 𝑇) (2.3) 

2.2.3 Fundamental absorption regions 

The absorption regions can be classified into three regions; 

2.2.3.1 High absorption region 

The region is shown in Figure 2.1.A. In the firstly section, it is 

expressed that the nature of the electron transitions is direct. The magnitude of 

the coefficient of absorption is greater than or equal to (104) 𝑐𝑚−1 [97]. 

2.2.3.2 Exponential region 

The region is shown in Figure 2.1.B. In the secondly section, it is 

expressed the transition from extended levels in the valence band to the 

localization of levels in the conduction band. Also, from localizing levels in the 

top valence band to extended levels in the bottom conduction band. The value 

of the coefficient of absorption between (1 < 𝛼 < 104) 𝑐𝑚−1 [98]. 
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2.2.3.3 Low absorption region 

The absorption coefficient (𝛼) in this region is very small, it is about 

(𝛼 < 1) cm-1. The transitions of the electrons in this region attribute to density 

as a result of structural defects, which as shown in Figure 2.1.C, in the thirdly 

section [98]. 

 

Figure 2.1: The variation of absorption edge with absorption regions [99]. 

2.2.4 Urbach’s Tail Energy  

The empirical Urbach law describes the tailing of the optical absorption 

edge in terms of Urbach energy in this material [100]; 

 𝛼 = 𝛼0e
hν/𝐸𝑈   (2.4) 

 
𝐸𝑈  =  [

dln𝛼

dℎ𝜈
]
−1

 (2.5) 

Where 𝛼0 is a constant. 𝐸𝑈 is the width of the exponential absorption 

edge, and describes the optical transition between occupied states in the (V.B) 

tail to unoccupied states of the (C.B) edge. It is also called Urbach energy, 

Urbach tail, or Urbach width, and this is illustrated by Figure 2.2, and which 

represents the plot of energy against density of states (𝐷𝑂𝑆) [101].  
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Figure 2.2: Diagrammatic illustration of Urbach tail states in a semiconductor [102]. 

2.2.5 The Electronic Transitions 

The electronic transitions can be classified into two types: 

2.2.5.1 Direct transitions 

This transition occurs in semiconductors when the bottom of the 

conduction band )𝐶. 𝐵) is exactly over the top of the valence band (𝑉. 𝐵). This 

means that they have the same value of the wave vector, i.e. (∆𝐾 = 0) in this 

state the absorption appears when (ℎ𝜐 = Eg
opt.

). This transition type is required 

for the laws of conservation of energy and momentum. These direct transitions 

have two types [103]:  

The first type is a direct allowed transition, this transition occurs from 

the upper points in the (𝑉. 𝐵) and the lowest point in the (𝐶. 𝐵), as shown in 

Figure 2.3.A.  



Chapter Two ………………………..……..…...……………...... Theoretical Background 

29 

The second type is direct forbidden transitions, this transition occurs 

from near upper points of (𝑉. 𝐵) and the lower points of (𝐶. 𝐵) as shown in 

Figure 2.3.B.  

2.2.5.2 Indirect transitions 

In the type of these transitions, the bottom of C.B is not over the top of 

V.B in a curve (E-K). The electron transiting from V.B to C.B. is not vertical 

where the value of the wave vector of the electron before and after the transition 

is not equal zero (∆𝐾 ≠ 0). This type of transition occurs with the help of a 

particle called "Phonon", for the conservation of the energy and momentum 

law. There are two types of indirect transitions [103].  The first type is allowed 

indirect transitions, these transitions occur between the top of (𝑉. 𝐵), and the 

bottom of (𝐶. 𝐵) located in the different regions of (𝐾-𝑠𝑝𝑎𝑐𝑒) as in Figure 

2.3.C. The second type is forbidden indirect transitions, these transitions occur 

between near points at the top of (𝑉. 𝐵) and near points at the bottom of (𝐶. 𝐵) 

as shown in Figure 2.3.D.  

The absorption coefficient for this transition using Tauc and Davis-

Mott power law is given by [99, 104]; 

 (𝛼ℎ𝜈)𝛾  =  𝛽(ℎ𝜈 − 𝐸𝑔
𝑂𝑝𝑡.

);    𝑖𝑓 ℎ𝜈 > 𝐸𝑔
𝑂𝑝𝑡.

 (2.6) 

 (𝛼ℎ𝜈)𝛾  = 0;     𝑖𝑓 ℎ𝜈 < 𝐸𝑔
𝑂𝑝𝑡.

 (2.7) 

Where (𝛾 = 1/𝑟): exponential constant, its value depends on the type 

of transition. The values of exponential constant (𝑟) for different modes are 

(1/2, 2/3, 2, or 3) for allowed direct, forbidden direct, (when 𝛥𝑘 = 0) allowed 

indirect, and forbidden indirect (when 𝛥𝑘 ≠ 0) transitions, respectively [105].   

 𝛽 : constant depends on the type of material. 

𝐸𝑝ℎ.: energy of phonon, is (+) when phonon emission and (−) when 

phonon absorption. 

𝐸𝑔
𝑂𝑝𝑡.

: energy gap between direct transition. 
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Figure 2.3: Kinds of electronic transitions: direct [A) Allowed, and B) Forbidden] 

transfers, and indirect [C) Allowed, and D) Forbidden] transitions [106]. 

2.2.6 Optical Constants 

The optical constants are very important parameters because they 

describe the optical behavior of the materials. The optical constants can be 

classified into: 

2.2.6.1 Absorption coefficient (α) 

The absorption coefficient of the material is very strong function of 

photon energy and band gap energy [107]. Absorption coefficient (𝛼) is defined 

as the ability of a material to absorb the light of a given wavelength. Absorption 

coefficient depends on the energy of the incident photon (ℎ𝜈). The energy of 

photon is given by the following equation [108]; 

 𝐸𝑝ℎ.  =  ℎ𝜈 (2.8) 

When the energy of incident photon is less than energy band gap, then 

the photon will be transmitted, and the transmittance gives the following 

equation [109]; 

 𝑇 = (1 − R)2𝑒−𝛼𝑡 (2.9) 
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By assuming thickness of sample is (𝑑𝑡) that decreases intensity of 

incident photon by (𝑑𝐼) which direct proportion with both of intensity (𝐼) and 

thickness (𝑑𝑡); where (𝛼) is constant proportion [110]. 

 𝑑𝐼 = −𝛼𝐼 𝑑𝑡 (2.10) 

If intensity of incident ray (𝐼0) which incident on the material of 

thickness (𝑡) and intensity of transmittance ray (𝐼𝑇) then integration procedure, 

will obtain and which is given by the following Beer-Lambert law [110]. 

 
∫

𝑑𝐼

𝐼

𝐼𝑇

𝐼0

= −∫ 𝛼
𝑡

0

𝑑𝑡 (2.11) 

𝐿𝑛(𝐼𝑇) − 𝐿𝑛(𝐼0) = −𝛼𝑡 

 

 𝐼𝑇 = 𝐼0 𝑒
−𝛼𝑡 (2.12) 

𝐼𝑇
𝐼0

= 𝑒−𝛼𝑡 

 𝑇 =  𝑒−𝛼𝑡 (2.13) 

1/𝑇 = 𝑒𝛼𝑡 

 

2.3031 log (1/𝑇) = 𝛼𝑡; But: 𝐴 = log (1/𝑇) 

 𝛼 = 2.3031 (𝐴/𝑡)  (2.14) 

The skin depth (𝛿) was computed using [105, 111]; 

 𝛿 = 1/𝛼 (2.15) 

   

2.2.6.2 The Refractive index (𝒏) and extinction coefficient (𝒌) 

Refractive index of the material is the ratio of the velocity of light in a 

vacuum (𝑐) to the velocity of the light in the sample (𝜈) [112]; 

 𝑛 =  𝑐/𝜈 (2.16) 

 𝑛⋇  =  𝑛 − 𝑗𝑘 (2.17) 

𝑛⋇: is the complex refractive index, 𝑛: is a real part of the refractive 

index and 𝑘 : is an imaginary part of the refractive index (extinction 

coefficient). 
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The relation between absorption coefficient and the extinction 

coefficient (𝑘) is [113]; 

 
𝑘 =  

α λ

4 𝜋
 (2.18) 

λ: wavelength of photon. The refractive index (𝑛) can be expressed 

through the following equation [75]; 

 

𝑛 = [(
1 + 𝑅

1 − 𝑅
)
2

− (𝑘2 + 1)]

1/2

+
1 + 𝑅

1 − 𝑅
 (2.19) 

Since the value of extinction coefficient (𝑘) is very small, then the 

equation (2.19) will become as follows [75]; 

 
𝑛 =  

1 + √𝑅

1 − √𝑅
 (2.20) 

 

2.2.6.3 The dielectric constant (ε) 

The real part of the dielectric constant shows how much it will slow 

down the speed of light in the sample and the imaginary part of the dielectric 

constant shows how a dielectric absorbs energy from an electric field due to the 

movement of the dipole.  The real and imaginary part of the dielectric constant 

was determined by [114]; 

 𝜀 =  ε𝑟 − 𝑗𝜀𝑖 (2.21) 

 𝜀 = (𝑛⋇)2 (2.22) 

              (𝑛 − 𝑖𝑘)2 = ε𝑟 − 𝑗𝜀𝑖 

 𝜀 = (𝑛2 − 𝑘2) − 𝑗(2𝑛𝑘) (2.23) 

The dielectric coefficient (𝜀) can be calculated from refractive index 

(𝑛), joining complex dielectric coefficient (𝜀) with complex refractive index 

(𝑛⋇) from equation (2.21) and equation (2.23), real and imaginary complex 

dielectric coefficient can be written as in following equation [115]; 

 ε𝑟  = 𝑛2 − 𝑘2 (2.24) 

 𝜀𝑖  =  2𝑛𝑘 (2.25) 



Chapter Two ………………………..……..…...……………...... Theoretical Background 

33 

2.2.6.4 Optical conductivity (𝝈𝑶𝒑𝒕.) 

The optical conductivity (𝜎𝑂𝑝𝑡.) depends directly on the refractive index 

(𝑛) and extinction coefficient (𝑘) by the following relation [115]; 

 𝜎𝑂𝑝𝑡. = 2𝑛𝑘𝜔𝜀0 (2.26) 

Where 𝜔: is the angular frequency, 𝜀0: is the permittivity in the free 

space. By substituting equation (2.18) in equation (2.26) with simplified, the 

optical conductivity can be expressed by the following equation [115]; 

 𝜎𝑂𝑝𝑡. = 
𝛼𝑛𝑐

4𝜋
 (2.27) 

2.3 The D.C Electrical Characteristics 

The studies on the electrical characteristics of polymers have included 

great interest in their applications in electronic and optical devices. Electrical 

conduction in polymers has been extensively studied to understand the nature 

of charge transport in polymers [116].   

In previous years, polymers were used as insulators because of their 

high resistance and dielectric characteristics. The 𝐷. 𝐶 electrical conductivity 

studies aim to understand the numbers of types of charge carriers, their source 

and how they are transported through the material [117].  

The volumetric electrical resistance (𝑅𝑉) can be calculated for a regular 

body with a section having a sample area (𝐴𝑠 = 𝜋𝑟2) along the thickness (𝑡), 

using the following relation [118]; 

 
𝑅𝑉 = 𝜌𝑉  (

𝑡

𝐴𝑠
)   (2.28) 

Where: 𝜌𝑉 is the volume resistively that is different according to the 

substance, it is equal to the inverse of the bulk conductivity. This means that 

the conductivity of the volume  is [118];  

 
𝜎𝐷.𝐶 =

1

𝜌𝑉
=

𝑡

𝑅𝑉  𝐴𝑠
 (2.29) 

The electrical conductivity of polymers increases exponentially with 

the increase of temperature according to the Arrhenius equation [119, 120]; 
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 𝜎𝐷.𝐶 = 𝜎0 exp (−𝐸𝑎𝑐𝑡./𝑘𝛽𝑇) (2.30) 

Where: 𝜎𝐷.𝐶 is conductivity at (𝑇 + ∆𝑇) temperature, 𝜎0 is the 

conductivity at absolute (𝑇) zero of temperature, 𝐸𝑎𝑐𝑡.= activation energy, and 

𝑘𝛽 = Boltzmann constant. In conclusion, thermal activation energy and 

interaction velocity define diverse polymer nanocomposites behaviors. A lower 

activation energy can lead to stronger polymer-nanoparticle connections, while 

a greater interaction velocity can lead to more frequent contacts, which can also 

alter nanocomposite qualities. This is due to the Boltzmann-Maxwell 

distribution law, mostly easily seen in Figure 2.4 [119]: 

 

Figure 2.4: Statement of the Boltzmann distribution between the energy of molecules 

and different temperatures and the impact of thermal activation energy on the reaction 

rate [121].  

In general terms, the behavior of electrical resistance depends upon the 

type of the substance thus, in the case of metals, electrical resistance increases 

(i.e. their conductivity decreases) as temperature rises. For semiconductors, 

resistance decreases (i.e. their conductivity increases) as temperature rises 

while in impure semiconductors, resistance increases as temperature rises a 

certain degree and their conductivity decreases [122]. 
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2.4 Electrical Polarization      

When the insulation material is under the influence of an electric field, 

the charges associated with the atoms and molecules in the material will 

rearrange themselves in the direction of the electric field, which creates a local 

electric field. This process is called polarization. The polarization value is equal 

to the sum of the moments of all dipoles in the unit volume of the material 

[123]; 

 𝜇𝑖⃗⃗  ⃗ = 𝛼𝑖  𝐸𝑖
⃗⃗  ⃗ (2.31) 

Where: 𝐸𝑖
⃗⃗  ⃗ is the internal field of a molecule 𝛼𝑖: is the polarity of an 

atom or a molecule and 𝜇𝑖⃗⃗  ⃗: is the electrical dipole moment. The total dipole 

moment (𝑃𝑖
⃗⃗ ) for a unit volume is [124]; 

 𝑃𝑖
⃗⃗ =  𝑁𝑉  𝜇𝑖⃗⃗  ⃗ (2.32) 

 

Where: 𝑁𝑉 is the number of molecules per unit volume. 

The increase in the charge density (𝜀0 𝐸𝑖
⃗⃗  ⃗ + 𝑃𝑖

⃗⃗ ) causes an increase in the 

electrical displacement (𝐷𝑒
⃗⃗ ⃗⃗  ), which can be defined as [124]; 

 𝐷𝑒
⃗⃗ ⃗⃗  =  𝜀0 𝐸𝑖

⃗⃗  ⃗ +  𝑃𝑖
⃗⃗  (2.33) 

 

There are four types of polarization that can be classified with different 

frequencies [125, 126]: 

2.4.1 Electronic polarization (Pe) 

Electronic polarization may be accruing due to distortion in the 

distribution of the charge when the electric field applied. The separation of the 

positive charge of the nucleus and the center of the negative charge, resulting 

in the generation of induced dipoles as shown in Figure 2.5.A. This polarization 

occurs through (< 10−15) 𝑠 this is the same period of ultraviolet rays and is 

independent of temperature [125]. 
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2.4.2 Ionic polarization (Pi)  

It is formed in an ionic compound with ionic characteristics. It occurs 

when the matter is under an electric field that changes the lengths of the ionic 

bond, resulting in the generation of a net dipole moment that has not been 

existed in the molecule before as shown in Figure 2.5.B. Ionic polarization 

occurs through (10−15 − 10−10) 𝑠 this is the same period infrared ray. So, it 

also called infrared polarization. This type of polarization is independent of 

temperature [126]. 

2.4.3 Rotational or orientation polarization (Pd) 

This polarization accrues in materials that have a permanent dipole 

moment. When applying an electric field, dipoles revolve around the axis and 

arrange themselves in the direction of the field as shown in Figure 2.5.C. This 

type of polarization is dependent on temperature and occurs through (10−10 −

10−5) 𝑠 [126]. 

2.4.4 Space charge or interfacial polarization (P0) 

This type of polarization occurs when the substance contains impurities, 

structural or vacuum defects, which leads to the content of the opposite charge 

on the ends of the impurities, and this means the generation of a dipole in an 

atom, molecule, or region of the material as shown in Figure 2.5.D. This type 

of polarization depends on the homogeneity of the material and the type of 

defects [126]. They most often occur in radio waves and can extend beyond 

sound frequencies, depending on the defect that causes polarization and is 

independent of temperature, as shown in Figure 2.6 [127]. 

However, the movement of charges through the material may be slowed 

down when the charge carriers encounter another phase with lower electric 

conductivity. This causes the accumulation of charges at the interfaces. This 

interfacial polarization manifests itself to an outside observed as an increase in 

the permittivity [125]. 
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Figure 2.5: Schematic representation of different kinds of [A) Electronic, B) Ionic, C) 

Orientation, and D) Space charge] polarization, in the absence of an electric field, and 

the presence of an electric field [125]. 

 

Figure 2.6: The variation of different types of polarization with time under a step-

function electric field [127]. 
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2.5 The A.C Electrical Characteristics 

Insulating materials can be used to save electrical energy in the shape 

of charge separation when the electron distributions around constituent atoms 

or molecules are polarized by an external electric field. The complex 

permittivity of a material is given by [128]; 

 𝜀⋇ = 𝜀𝑎 − 𝑗𝜀𝑏 (2.34) 

Where 𝜀𝑎, and 𝜀𝑏 are the real and imaginary parts of the complex 

permittivity and 𝑗 =  √−1. 

The real part of the permittivity can be expressed by [128]; 

 𝜀𝑎 = 𝜀0 𝜀
′ (2.35) 

Where: 𝜀′ is dielectric constant. The magnitudes of 𝜀𝑎, and 𝜀𝑏 depend 

on the frequency (𝜔) of the applied electric field. The magnitude of 𝜀𝑎 (or the 

dielectric constant) refers to the material's ability to store energy from the 

applied electric field [128]. The capacitance of a capacitor consists of two 

parallel plates given by relationship [129]; 

 
𝐶𝑝 =

𝜀0𝜀′𝐴

𝑡
 (2.36) 

Where: 𝑡 is the thickness of the sample, 𝜀0 is a vacuum permittivity. 

The dielectric constant is defined as the ratio between the capacitance of the 

capacitor containing an insulator material between its conducting plates to the 

capacity of the same size with a vacuum between the plates. The dielectric 

constant is given by [130]; 

 
𝜀′ =  

𝐶𝑝

𝐶0
 (2.37) 

Where 𝐶𝑝 is parallel capacitance and 𝐶0 is a vacuum capacitor.  Due to 

the different polarization of matter under the influence of an electric field, some 

of the applied electric field energy is dissipated by charge migration (i.e. 

conduction) or converted into heat energy (for example, molecular vibration). 

Ceramic capacitors based on highly polarizable inorganic materials have been 
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used extremely  to meet the need for pulse power applications. Dielectric loss 

(𝜀′′) can be expressed by [131]; 

 𝜀′′ = 𝜀′𝐷 (2.38) 

Where: 𝐷 is the dispersion factor. The dispersion factor measures the 

electrical energy lost in the sample from the applied electric field, which turns 

into thermal energy in the sample. The dissipated power in the dielectric is 

represented by the presence of alternating potential as a function of alternating 

conductivity is given by [132]; 

 𝜎𝐴.𝐶 = ω 𝜀0𝜀′′ (2.39) 

This conductive does not represent the property of the conductive which 

is characterized by the materials, (i.e. the ability of these materials to connect 

electric current) but is a measure of the capacity lost when the applying 

alternative field through the insulation which is the measure of the amount of 

heat that is generated as a result of friction between the diodes due to collisions 

between other molecules in the insulating materials [133]. 

The total electrical conductivity 𝜎𝑇 for polymeric material can be 

express as follow [134]; 

 σ𝑡𝑜𝑡. = σ𝐷.𝐶 + σ𝐴.𝐶 (2.40) 

 

Figure 2.7: The circuit equivalent of; A) ideal capacitor, and B) non-ideal capacitor. 
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Figure 2.8: Schematic diagram of the capacitance showing the behavior of dielectric 

constant; (A) In the absence of an electric field. (B) In the presence of an electric field. 

2.6 Applications of Nanocomposites 

2.6.1 Antibacterial activity 

An inverse relationship between the size of the nanoparticles and 

antimicrobial activity has been clearly demonstrated, where particles in the 

range of (1 − 10) 𝑛𝑚 in size have demonstrated greater killing activity against 

bacteria compared to larger particles. It is reported that in gram negative 

bacteria nanoparticles acted mainly in the range of (1 − 10) 𝑛𝑚 [135]. In 

addition, by adhering to the surface of the cell membrane, they drastically 

disrupt its functions, such as permeability and cellular respiration. They are 

able to penetrate into the bacteria and cause further damage by possible 

interactions with sulfur and phosphorus containing compounds such as DNA. 

They release ions, which will make an additional contribution to the 

bactericidal effect of nanoparticles. However, in the case of silver 

nanoparticles, it has been shown that smaller nanoparticles are more toxic than 

larger particles, even when they are oxidized [136]. 

As an antibiotic, the nanocomposites was used. When the ratio of 

diameter of inhibition is taken from the diameters of bacterial inhibition for the 

sample that killed the most bacteria compared to the sample that didn't kill the 
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bacteria, the following equation was used to figure out the overlapping 

respiratory inhibition ratios of bacteria [137]; 

 
𝑅𝐷(𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛)% = (1 −

𝐷𝑢𝑛𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛

𝐷𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛
) × 100% (2.41) 

Where: 𝑅𝐷(𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛)% is the percentage increase in the diameter of 

the inhibition zone of the bacterial respiratory overexpression inhibition zone 

after adding the nanocomposite, 𝐷𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 is the diameter of the inhibition 

zone of the sample where bacteria were killed and 𝐷𝑢𝑛𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 is the diameter 

of the inhibition zones of the sample where no bacteria were killed. 

The antimicrobial mechanism of action of NPs is generally described 

as adhering to one of three models: oxidative stress induction, metal ion release, or 

non-oxidative mechanisms. These three types of mechanisms can occur simul-

taneously. Certain studies have proposed that nanomaterials prompt 

neutralization of the surface electric charge of the bacterial membrane and 

change its penetrability, ultimately leading to bacterial death.  Moreover, the 

generation of reactive oxygen species (ROS) inhibits the antioxidant defense 

system and causes mechanical damage to the cell membrane. According to 

existing research, the major processes underlying the antibacterial effects of 

NPs are as follows [138, 139]: 

1. Disruption of the bacterial cell membrane. 

2. Generation of ROS. 

3. Penetration of the bacterial cell membrane. 

4. Induction of intracellular antibacterial effects, including interactions with DNA and proteins. 

2.6.2 Photocatalytic degradation  

Photocatalysis is described as the  photoreaction acceleration process by 

the presence of a catalyst. A catalyst is a material that makes a chemical 

reaction more likely to happen by reducing the activation energy needed to start 

it. A catalyst speeds up a chemical reaction and does not vary in itself or being 

expended in the chemical reaction [140]. Most organic pollutants can be 

degraded by heterogeneous photocatalysis. Semiconductor  nanoparticles meet 
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the requirements for good photocatalysts because semiconductor materials 

have a small energy gap between valence band and conduction band. The 

energy band gap of semiconductors are in the range  )1-4( eV [141].  

In general, the photocatalytic degradation involves several steps such 

as adsorption-desorption, electron-hole pair production, recombination of 

electron pair and chemical reaction [142]. The general mechanism of 

photocatalytic degradation of organic molecules is explained in the Figure 2.9 

[143]. The addition of polymeric materials to the nanoparticles leads to the 

dispersion of the nanoparticles and preventing them from sedimentation, and 

this leads to a reduction in electron-hole recombination, thus increasing the 

photocatalytic efficiency of the nanoparticles. For the photocatalysis process to 

take place, the semiconductor material absorbs a photon of energy from the 

direct sun's rays or from an ultraviolet source that is equal or greater than to its 

band gap (ℎ𝜈 ≥ 𝐸𝑔), the electrons move from the valence band to the 

conduction band, and the pairs of (electrons-holes) are generated [144]. The 

electrons contribute to the reduction reactions by the formation of superoxide 

radicals (𝑂2
• −   ( , and the holes contribute to the oxidation of organic compounds 

by the formation of hydroxyl radicals (𝑂𝐻•). These radicals will be attacked by 

the organic molecule, which is finally oxidized to become 𝐶𝑂2, 𝐻2𝑂 and 𝐻𝐶𝑙. 

The processes of photodegradation include the following [145, 146]: 

1. Formation of excitons by absorption of photons by photocatalyst nanocomposites. 

 Photocatalyst𝑠 + ℎ𝜈 ⟶ ℎ+  +  𝑒− (2.42) 

Where the electrons (𝑒−) are generated in the conduction band and 

holes (ℎ+) are generated in the valence band. 

2. Formation of superoxide anion (𝑂2
• −   (  

 O2 + 𝑒− ⟶ 𝑂2
• − (2.43) 

3. Formation of hydroxyl radicals (𝑂𝐻•). 

  𝐻₂𝑂 + ℎ+ ⟶ 𝐻+ + 𝑂𝐻•  (2.44) 

4. Neutralization of superoxide anion by protons and formation of Hyper oxide radical (𝐻𝑂2
•). 

  𝑂2
• − + 𝐻+ ⟶ 𝐻𝑂2

•
  (2.45) 
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5. Formation of hydrogen peroxide  )𝐻2𝑂2) and dismutation of oxygen. 

  2𝐻𝑂2
• ⟶ 𝐻2𝑂2 + 𝑂2  (2.46) 

  𝐻2𝑂2 +𝑒− ⟶ 𝑂𝐻− +𝑂𝐻•
  (2.47) 

6. Formation of degradation products. 

  𝑀𝑂 𝑑𝑦𝑒 + 𝐻2𝑂2 + 𝑂𝐻• + 𝑂2
•− ⟶ 𝐶𝑂2 + 𝐻2𝑂  (2.48) 

  ℎ+ + 𝑀𝑂 𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 → 𝑑𝑦𝑒•+ → 𝑂𝑥𝑖𝑑𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑑𝑦𝑒 (2.49) 

  MO dye + OH• → 𝐶𝑂2 + 𝐻2𝑂 + 𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 (2.50) 

 

Figure 2.9: The mechanism of photocatalysis degradation process 

There are three important mechanisms of recombination [147, 148]: 

1. Direct recombination, the photo electron in conductive band drops directly into an unoccupied 

state in the valance band and combines with the photo hole by electrostatic attraction. 

2. Surface recombination is lower probability, due to the surface species which can capture the 

photogenerated charge carriers (photo electron-hole) and undergo the chemical reaction. 

3. Recombination at recombination centres (volume recombination) is of high probability, because 

the recombination centres lies at lattice sites transition within the bulk of the crystal and the 

transition beyond to initial ground state. 

These types of recombination are pictorially shown in Figure 2.10. 
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Figure 2.10: Principal processes occurring on a semiconductor particle (a) 

photogeneration of electron-hole pair (b) reduction of electron acceptors (c) oxidation of 

electron donors (d) and (e) Recombination of electron hole 

The methyl orange degradation percentage was evaluated by involving 

equation. (2.51) as given below [149]; 

 
𝐷𝑀𝑂(%) = (1 −

𝐴𝑡

𝐴0
) × 100% (2.51) 

where 𝐴0 is the initial absorbance of methyl orange, obtained before 

illumination and 𝐴𝑡 is a absorbance after UV-Irradiation time, respectively. 

Because the rate of photocatalytic processes is irrespective of hydroxyl 

amount, the observational data was fitted with a pseudo first-order kinetics 

model [150]. The first-order rate constant 𝜅𝑑 (𝑚𝑖𝑛−1) can be calculated from a 

straight line whose slope line for plot of ln (𝐴𝑡/𝐴0) versus time leads using the 

absorbance-time equation (2.52) [151]; 

 
𝐿𝑛

A𝑡

𝐴0
= 𝜅𝑑𝜏 (2.52) 

The half-life time (𝜏1 2⁄ ) was obtained for first-order kinetics using 

equation (2.53) [152]; 
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𝜏1 2⁄ =

𝑙𝑛 2

𝜅𝑑
 (2.53) 

2.6.3 Pressure sensor 

Pressure sensors based on polymer nanocomposites have been 

developed and studied extensively. Polymer nanocomposites are materials 

composed of a polymer matrix and nanoparticles, which can enhance the 

mechanical, electrical, and optical properties of the composite material [153]. 

Polymer nanocomposite pressure sensors can be made by embedding 

nanoparticles, such as carbon nanotubes, graphene, or metal oxide 

nanoparticles, into a polymer matrix. The nanoparticles can act as stress-

sensitive elements that change their properties, such as electrical resistance or 

capacitance, in response to mechanical deformation caused by pressure [154]. 

Polymer nanocomposite pressure sensors have potential advantages 

over traditional pressure sensors, such as higher sensitivity, lower power 

consumption, and lower cost. They can also be easily integrated into flexible 

or wearable devices, due to the flexibility and stretchability of the polymer 

matrix [154]. 

A pressure is a force per unit area applied in a direction perpendicular 

to the surface of an object. The formula is commonly written as follows [155];  

 
𝑃 =

𝐹⃑

 𝐴 
 (2.54) 

Where 𝑃 is the pressure, 𝐹⃑ is the normal force, and 𝐴 is the area of the 

surface of contact, which is illustrated by the Figure 2.11. 
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Figure 2.11: The circuit equivalent of presure sensor [154]. 

When two objects are contacted, they exert force on each other. Thus, 

the average interface pressure is the total force divided by the interface region. 

A sensor is a device that detects and converts a physical quantity into a signal 

that an observer or an instrument can interpret. Pressure sensors are used for 

control and monitoring in thousands of everyday applications. Many pressure 

sensors classify according to the sensing mechanisms which include capacitive 

sensing, piezoelectric sensing, and piezoresistive-sensing. Pressure-sensitive 

materials are widely used due to their attractive advantages, including feasible 

preparation, low cost, and easy signal collection [155].  

The use of polymers and polymeric blend as sensors offers the 

advantage of processing flexibility, because they are tough, light weight, 

readily manufactured into large areas, and can be cut and formed into complex 

shapes. Other features of polymers are high strength, high impact resistance, 

low elastic stiffness, low dielectric constant and low density which result in a 

high voltage sensitivity (excellent sensor characteristic). For capacitive 

pressure sensors, pressure sensor sensitivity can be defined as follows [156]; 

 𝑆𝐴𝑃(%) = (1−
𝐶𝑏

𝐶𝑛
)×100% (2.55) 

Where 𝐶𝑏  and 𝐶𝑛 are the capacitances for blend and nanocomposites, 

respectively.
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 Chapter Three: Experimental Procedures 

3.1 Introduction 

This chapter covers the stages of samples preparation of (PC-PS/SiC-

MnO2), and (PC-PS/SiC-Co2O3) nanocomposites, as well as the stages of 

sample testing and measurement, which include the following: Infrared 

radiation transformed using the Fourier transform, optical microscopic, a field 

emission scanning electron microscope, optical measurements, D.C electrical 

conductivity measurements, A.C electrical conductivity measurements, 

antibacterial activity application measurements, photodegradation application 

measurements, and pressure sensors application measurements. 

3.2 The Raw Materials Used in Work 

3.2.1 Matrix materials 

Two types of polymers are used in this present study: 

3.2.1.1 Polycarbonate (PC) 

The polymer is used as powder. Manufactured by Teijin Human 

Chemistry - Japan company. It was utilized after having been ground by manual 

mill.  

3.2.1.2 Polystyrene (PS) 

 The polymer is used as granular form and could be obtained from local 

markets. It was used after being grounded with hand mill, and high purity 

(99.97%). 

3.2.2 Filler materials 

One metal carbide, and two types of metal oxides are used in this work:

Experimental Procedures 
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3.2.2.1 Silicon Carbide (SiC) 

It was obtained as nano-powder form, USA Research Nanomaterials, 

Inc, Houston, USA, high purity 99% with diameter 80 nm, cubic. 

3.2.2.2 Manganese Dioxide (MnO2) 

It was obtained as nano-powder form, USA Research Nanomaterials, 

Inc, Houston, USA, high purity 98% with diameter 50 nm, tetragonal. 

3.2.2.3 Cobalt Trioxide (Co2O3) 

It was obtained as nano-powder form, USA Research Nanomaterials, 

Inc, Houston, USA, high purity 99.7% with diameter 50 nm, Orthorhombic. 

3.3 Synthesis of (PC/PS) Polymeric Blend, (PC-PS/SiC-MnO2) 

Nanocomposites, and (PC-PS/SiC-Co2O3) Nanocomposites  

The nanocomposites were made by dissolving one gram of 

polycarbonate (50%) and polystyrene (50%) in 50 ml of chloroform alcohol, 

using a magnetic stirrer. After that, the polymers were mixed for 25 minutes at 

standard room temperature to achieve a more uniform solution and then casting 

on glass petri dish. Nanoparticles made of Silicon carbide (25%) and 

Manganese dioxide (75%) were added to the polymer blend solution at contents 

that are as follows: (1.3, 2.6, 3.9, and 5.2 wt.%) to get the first nanocomposites 

(PC-PS/SiC-MnO2), as well as nanoparticles consist of Silicon carbide (25%) 

and Cobalt trioxide (75%) were added to the polymer blend solution at contents 

that are as follows: (1.3, 2.6, 3.9, and 5.2 wt.%) to get the second 

nanocomposites (PC-PS/SiC-Co2O3). These contents were calculated 

according to the following equation (3.1) [157]; 

 𝜒(wt.%) =
𝑤𝑓

𝑤𝑓 + 𝑤𝑏
× 100 % (3.1) 

where (𝑤𝑏) blend weight and (𝑤𝑓) filler weight is measured in grams as 

shown in Table 3.1 and Table 3.2.  

Nanocomposites of (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) films 

are created using a solution casting technique as shown in Figure 3.1 and Figure 
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3.2, and after that, the solution was transferred to a clean petri dish with a 

diameter of 10 cm. The samples were then allowed to air dry at room 

temperature for 72 hours, after which the dried film was readily peeled off using 

tweezers clamped. A digital micrometer was utilized in order to obtain accurate 

readings of the samples wall thickness, and the range of thickness have been 

measured about (130 ± 0.5) μm. Figure 3.3, and Figure 3.4 are illustrate the 

diagrammatic representation for the preparation approach of the experimental 

work that was done.  

 

Figure 3.1: Flow chart of experimental present work 
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Figure 3.2: Flow chart of present work applications 

 

Figure 3.3: The diagrammatic representation for the preparation approach of 

nanocomposite (PC-PS/ SiC-MnO2) films 
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Figure 3.4: The diagrammatic representation for the preparation approach of 

nanocomposite (PC-PS/ SiC-Co2O3) films 

Table 3.1: Weight percentages of (PC/PS) polymeric blend, and (PC-PS/SiC-MnO2) 

nanocomposites 

Contents of 
SiC/MnO2 

nanoparticles 

Material weight (gm) 
Weight of 

sample 
PC  

(50%) 
PS  

(50%) 
SiC 

(25%) 
MnO2 
(75%) 

Pure 0.5000 0.5000 0.00000 0.00000 

1 gm 

1.3 wt.% 0.4935 0.4935 0.00325 0.00975 

2.6 wt.% 0.4870 0.4870 0.00650 0.01950 

3.9 wt.% 0.4805 0.4805 0.00975 0.02925 

5.2 wt.% 0.4740 0.4740 0.01300 0.03900 
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Table 3.2: Weight percentages of (PC/PS) polymeric blend, and (PC-PS/SiC-Co2O3) 

nanocomposites 

Contents of 

SiC/Co2O3 

nanoparticles 

Material weight (gm) 

Weight of 
sample 

PC  

(50%) 

PS  

(50%) 

SiC 

(25%) 

Co2O3 

(75%) 

Pure 0.5000 0.5000 0.00000 0.00000 

1 gm 

1.3 wt.% 0.4935 0.4935 0.00325 0.00975 

2.6 wt.% 0.4870 0.4870 0.00650 0.01950 

3.9 wt.% 0.4805 0.4805 0.00975 0.02925 

5.2 wt.% 0.4740 0.4740 0.01300 0.03900 

3.4 Measurements of The Structural and The Morphological 

Characteristics   

3.4.1 Fourier transform infrared spectrometer  

FT-IR spectra were recorded by FT-IR (Bruker Company, German 

origin, type vertex 70). FT-IR was implemented at University of Babylon / 

College of Education for Pure Sciences - Department of Physics. In this study, 

the considered wavenumber range (WNR) is (500-4000) cm-1. Figure 3.5, 

displays a diagram for system of FT-IR measurement. 
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Figure 3.5: The diagrammatic representation system of Fourier transforms infrared 

spectrometer 

3.4.2 Optical microscope 

The change of surface morphology samples of (PC-PS/SiC-MnO2), and 

(PC-PS/SiC-Co2O3) nanocomposites is observed applying the optical 

microscope. This used optical microscope (OM) was provided by Olympus 

(Top View, type Nikon-73346), as shown in Figure 3.6, and equipped with light 

intensity automatic controlled camera. Under magnification (10x), exited at the 

University of Babylon /College of Education for Pure Sciences-Department of 

Physics. 
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Figure 3.6: The diagrammatic representation system of optical microscope 

3.4.3 Field emission scanning electron microscope 

The field emission scanning electron microscope (FESEM) is an 

electron microscope that images the sample surface by scanning it with a high 

-energy beam of electrons in a raster scan pattern. The specimens for an 

FESEM testing must be electrically conductive, at least at the surface, and 

electrically grounded to prevent the accumulation of electrostatic charge at the 

surface. The surface morphology of (PC-PS/SiC-MnO2), and (PC-PS/SiC-

Co2O3) nanocomposites for pure, content (1.3wt.%), (2.6wt.%), (3.9 wt.%), and 
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(5.2wt.%) are tested by using FESEM (Carl Zeiss, German) in Shahid Behdishti 

University, Tehran, Iran. Figure 3.7, displays a diagram for system of FESEM 

measurement. 

 

Figure 3.7: The diagrammatic representation system of field emission scanning electron 

microscope 

3.5 Measurements of Linear Optical Characteristics 

The double beam spectrophotometer (Shimadzu model UV-1800A° 

/JAPAN) was used to record the absorption spectrum of (PC-PS/SiC-MnO2), 

and (PC-PS/SiC-Co2O3) nanocomposites in the wavelength range (260-860) 

nm. The absorption spectrum was recorded at standard room temperature. A 

computer (UV-Vis) Code, which was designed according to Appendix A.1, was 

used to obtain the probability coefficients and optical constants. It is located at 
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the University of Babylon /College of Education for Pure Sciences-Department 

of Physics, as shown in Figure 3.8.  

 

Figure 3.8: The diagrammatic representation system of UV-Vis spectrophotometer  

3.6 Measurements of D.C Electrical Characteristics   

The D.C electrical conductivity was measured at a temperature degree 

ranging between (50-100) ºC, where the sample was placed into the oven, 

during that D.C was recorded and the electrical resistance. For accuracy, the 

sample was kept in the oven for (3-6) minutes before recorded these 

measurements. The resultant data of the Keithley electrometer (type 2400 

source mater) were taken for different temperatures degrees in the University 

of Babylon / College of Education for Pure Sciences - Department of Physics. 

Figure 3.9, displays a diagram for system of D.C electrical measurement. A 

computer D.C electrical characteristics Code, which was designed according to 

Appendix A.2.  
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Figure 3.9: The diagrammatic representation system of D.C electrical characteristics 

3.7 Measurements of A.C Electrical Characteristics 

The A.C. Electrical Conductivity has been measured at (F = 100 Hz to 

5 × 106 Hz) by LCR meter (HIOKI 3532–50 LCR HI TESTER) in University 

of Babylon / College of Education for Pure Sciences - Department of physics. 

Figure 3.10, displays a diagram for system of A.C electrical measurement. Only 

(1.5 cm) from each one of the samples has been taken and put between two 

electrodes at standard room temperature. The parallel capacitance (𝐶𝑝), and 

dissipation factor (𝐷) have been recorded for all samples. Dielectric constant, 

dielectric loss and conductivity have been calculated from this data. A 

computer A.C electrical characteristics Code, which was designed according to 

Appendix A.3. 

 

Figure 3.10: The diagrammatic representation system of A.C electrical characteristics 

3.8 Measurements of Antibacterial Activity Application 

Antimicrobial activity of the (PC-PS/SiC-MnO2), and (PC-PS/SiC-

Co2O3) nanocomposites tested samples are determined using a disc diffusion 
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method. The antibacterial activities are done by using gram-positive organisms 

(Staphylococcus aureus), and gram-negative organisms (Salmonella enterica). 

Bacteria (Staphylococcus aureus, and Salmonella enterica) were cultured in 

Muller-Hinton Medium. The disks of the (PC-PS/SiC-MnO2), and (PC-PS/SiC-

Co2O3) nanocomposites were placed over the media and incubated at 37°C for 

24 hours. The inhibition zone diameter was measured. This work done, in Al-

Ameen Center for Researches and Advanced Biotechnologies / Najaf 

Governorate - Iraq country, as presented in Figure 3.11. A computer A.C 

electrical characteristics Code, which was designed according to Appendix B.1. 

 

Figure 3.11: Mechanism inhibition bacteria of polymeric blend, and polymer 

bionanocomposites by employing using disk diffusion method [158].  

3.9 Measurements of Photodegradation Activity Application 

In order to examine the photocatalytic activity of (PC/PS) polymeric 

blend, (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites, an 
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amount of 100 mL ionized distilled water solution of methylene orange dye 

with content (20 ppm) was placed in Pyrex glass. The prepared samples with a 

total weight of 0.5 gm were placed in this solution by magnetic stirring. Then, 

the samples were placed in an ultraviolet light exposure cabinet containing a 

magnetic stirrer to confirm the homogeneity of the mixture in which they were 

illuminated with 135W. The solution was kept in the dark under stirring for 90 

min to reach the adsorption/desorption equilibrium. Samples were taken from 

the solution 10 ml of methylene orange solution every 15 minutes for 1.5 hours 

under UV-A (135 W) for 90 min, after which the molecules of the photocatalyst 

were separated by centrifugation at 4000 rpm for 20 minutes. MO dye solution 

has a maximum absorption at about 𝜆𝑚𝑎𝑥 = 460 𝑛𝑚. The absorbance was 

measured using the double beam spectrophotometer (Shimadzu, UV-1800Å), 

in wavelength 200-600 nm. Figure 3.12, displays a diagram for system of 

photodegradation measurement. A computer A.C electrical characteristics 

Code, which was designed according to Appendix B.2. 

3.10 Measurements of Pressure Sensors Application 

The pressure sensor test for (PC-PS) polymeric blend, the (PC-PS/SiC-

MnO2), and (PC-PS/SiC-Co2O3) nanocomposites investigated by measuring 

the electrical of parallel capacitance (𝐶𝑝) between two electrodes on the top and 

bottom of the nanocomposites samples by using an 𝐿𝐶𝑅 meter (HIOKI 3532-

50 LCR HI TESTER) for different pressures range (80-160) bar, it shows the 

schematic diagram of pressure sensor measurement system which locally 

manufactured. Figure 3.13, displays a diagram for system of pressure sensos 

measurement. A computer A.C electrical characteristics Code, which was 

designed according to Appendix B.3. 
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Figure 3.12: The schematic illustration of the preparation of the samples as 

photocatalytic vs methyl orange (MO) dye 

  

Figure 3.13: Design of a system showing the mechanism of work for the pressure sensor



 

60 

 Chapter Four: Results and Discussions 

4.1 Introduction  

This chapter includes the results of Structural, optical, direct current 

(D.C) electrical, and alternating current (A.C) electrical measurements of (PC-

PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites and discussions. The 

Impact of adding the SiC/MnO2 nanoparticles and SiC/Co2O3 nanoparticles on 

structural, optical, D.C electrical, and A.C electrical characteristics for (PC/PS) 

polymeric blend is discussed. The Antibacterial, photodegradation, and 

pressure sensors applications for (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) 

nanocomposites are also discussed. 

4.2 The Structural, and Morphological Characteristics of (PC-PS/SiC-

MnO2) and (PC-PS/SiC-Co2O3) Nanocomposites 

4.2.1 Fourier transform-infrared radiation of nanocomposites      

FT-IR spectroscopy has been used to analyze the interactions between 

atoms in the system. These interactions can induce changes in the vibrational 

modes of the molecules in the polymeric blend. Figure 4.1, and  Figure 4.2, 

show the FT-IR spectrum of (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) 

nanocomposites with different (SiC, MnO2 and Co2O3) nanoparticles contents, 

respectively in the wavenumber, (𝜈̅) range (500-4000)  𝑐𝑚−1. 

The FT-IR studies of nanocomposites show the connections in 

nanocomposites. The band exhibit at (2922.62) 𝑐𝑚−1 is specific of an 

asymmetry stretching mode of CH2 group of PS/PC polymeric blend [159]. The 

(C-H) collections were responsible for the  band at (2363.10) 𝑐𝑚−1 [160]. The 

Results and Discussions 
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peak at (1771.57) cm-1 were the characteristic of (C=O) functional group of PC 

while, the peak at (1492.62) cm-1 were assigned to CH2 bending vibration of 

PS [161]. The stretching of the (C–O) band occurs around (1191.51) cm-1 of 

PC [162]. The peak of polycarbonate samples had aromatic stretches at 

(1014.72) cm-1 [163]. The band at (695.42) cm-1 refer to (C-H) bend of PS 

[164].  

Changes in the spectral of (PC/PS) caused by SiC, MnO2, and Co2O3 

nanoparticles involve band shifts and intensity changes. The connections of 

nanoparticles with polymers were responsible for these variations. FT-IR 

analysis shows no interactions between the (PC/PS) polymeric matrix and the 

SiC, MnO2, and Co2O3 nanoparticles. The transmittance in Figures decreases 

slightly as the contents of SiC/MnO2, and SiC/Co2O3 nanoparticles increase, 

implying that the density of nanocomposites rises. These are consistent with 

the results of researchers [165, 166].  

It is note that the intensity of these peaks are increasing with the 

increasing of the number of the pulses that was attributed to the increasing of 

the concentration of the SiC/MnO2, and SiC/Co2O3 nanoparticles in the PC, PS 

matrix matrix that was confirmed by the dynamic light scattering and also due 

to indicating that C=O has been established. Strong interaction between the 

SiC/MnO2, and SiC/Co2O3 nanoparticles in the PC, PS matrix confirmed the 

good interfacial adhesion, which is an important criterion for the 

nanocomposite to be used as the pressure sensors and optoelectronic devices 

This result are agreement with the previous studies [167]. 

 Furthermore, significant changes observed in width and the intensity 

of the vibrational bands of the (PC/PS) polymeric blend upon addition                  

of SiC/MnO2, and SiC/Co2O3 nanoparticles indicate the strong influence            

of SiC/MnO2, and SiC/Co2O3 nanoparticles on spectroscopy of polymeric 

blend [168].  
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Figure 4.1: FT-IR spectra of (PC/PS) polymeric blend, and (PC-PS/SiC-MnO2) 

nanocomposites. 
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Figure 4.2: FT-IR spectra of (PC/PS) polymeric blend, and (PC-PS/SiC-Co2O3) 

nanocomposites. 
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4.2.2 Optical microscope of nanocomposites      

Microscope of nanocomposites is the examination of the spread of 

nanoparticles in the polymer mixture. Figure 4.3, and  4.4 display the 

arrangements of SiC, MnO2 and Co2O3 nanoparticles in (PC/PS) polymer blend 

at a magnification power (x10) respectively. The microscope images show that 

the nanoparticles are aggregates as a cluster at lower content. When the content 

of SiC/MnO2 nanoparticles and SiC/Co2O3 nanoparticles are increased, the 

nanoparticles form a network of paths within the (PC/PS) polymer blend, hence 

the charge carriers are allowed to pass through the paths. This is consistent with 

the results of researcher [169]. 

The images showed that randomly distributed aggregates or particles 

on the top surface, which are attributed to the presence of 1.3 wt.% of 

SiC/MnO2 and SiC/Co2O3, which are aggregated, and cracks in clusters form. 

With an increase in the number of SiC/MnO2 nanoparticles and SiC/Co2O3 

nanoparticles in the matrix, a network is formed. The results show that when 

the content of nanoparticles rises, the number and size of white dots on the 

surface increases. This may be attributed to the formation of a larger cluster, 

which in turn expanded to form network paths of aggregates through the PC/PS 

blend. The surface morphology of the films displays a homogeneous density of 

grain boundaries. The results also indicate that nanoparticles prefer to form 

well-dispersed aggregates in PC/PS blend films, which may be an indication of 

a homogenous growth process, and that this change is attributed to the strong 

interfacial reaction of the functional groups on the surface of SiC/MnO2 

nanoparticles and SiC/Co2O3 nanoparticles with a blend polymer that exhibited 

a significant change in the nanocomposite morphology and mechanical 

response [170]. 
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Figure 4.3: Photomicrographs (x10) for (PC-PS/SiC-MnO2) nanocomposites: (A) for 

pure (B) for 1.3 wt.% (SiC/MnO2) NPs , (C) for 2.6 wt.% (SiC/MnO2) NPs, (D) for 3.9 

wt.% (SiC/MnO2) NPs and (E)  for 5.2 wt.% (SiC/MnO2) NPs 

A B 

D C 

E 
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Figure 4.4: Photomicrographs (x10) of (PC-PS/SiC-Co2O3) nanocomposites: (A) for 

pure (B) for 1.3 wt.% (SiC/Co2O3) NPs, (C) for 2.6 wt.% (SiC/Co2O3) NPs, (D) for 3.9 

wt.% (SiC/Co2O3) NPs, and (E) for 5.2 wt.% (SiC/Co2O3) NPs. 

  

A B 

C D 

E 
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4.2.3 Field emission scanning electron microscope of nanocomposites 

Figure 4.5, to Figure 4.8 display the 2D-FESEM and 3D-FESEM 

images for (PC/PS) blend with different contents of (SiC/MnO2), and 

(SiC/Co2O3) nanoparticles at different magnification power to study 

nanocomposite morphology and nanoparticles arrangement at lower and higher 

contents of (SiC/MnO2), and (SiC/Co2O3) nanoparticles. The (Micro and 

Nano) FESEM images show that paths network formed of nanoparticles inside 

the (PC-PS) blend where charge carriers are allowed to pass through the paths 

[171].  

The two-dimensional 2D-field emission scanning electron microscopy 

(2D-FESEM) is commonly used to identify phase separations and interfaces in 

polymer films for the purpose of studying their compatibility with one another 

[172]. The morphology of the PC/PS blend and the films loaded with 1.3, 2.6, 

3.9, and 5.2 wt. % of SiC/MnO2 nanoparticles and SiC/Co2O3 nanoparticles 

films were examined by the 2D-FESEM and representative micro-images are 

shown in Figures (4.5 and 4.6), respectively. The PC/PS film appears to have 

a uniform, rough, and homogeneous surface. There are no signs of two polymer 

phases (PC and PS) that suggest PC chains can be mixed with PS chains in a 

way that proves the two polymers are the same and can work together. This 

could be because the filler and matrix have similar chemicals and interact 

through hydrogen bonds [173]. In addition, the surface morphology of the 

PC/PS polymer film changes from rougher to smoother (Less rough) with an 

increasing additive of SiC/MnO2 nanoparticles and SiC/Co2O3 nanoparticles, 

demonstrating the convenient distribution of SiC/MnO2 nanoparticles and 

SiC/Co2O3 nanoparticles within the hosting polymer network. As illustrated in 

Figures (4.7 and 4.8), the nanoparticles form clusters inside the polymer mix 

as the contents of SiC/MnO2 nanoparticles and SiC/Co2O3 nanoparticles grow 

in the (PC/PS) blend. When nanoparticle contents reach 5.2 wt.%, the particles 

form content network routes through which charge carriers can move, resulting 
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in a change in the material's characteristics [174]. The degree of surface 

roughness increases as the content of SiC/MnO2 nanoparticles and SiC/Co2O3 

nanoparticles increases . 

The 3D-FESEM micrographs of the corresponding 3D-FESEM nano-

images are depicted in Figure 4.9 and Figure 4.10, giving a vivid insight into 

the surface. The pristine PC/PS is highly smooth, while the surface becomes 

rougher by introducing of SiC/MnO2 NPs and SiC/Co2O3 NPs into the PC/PS 

polymer film. The surface roughness of the investigated films was determined 

in terms of the root mean square roughness (Rq), mean roughness (Ra), 

maximum peak height (Rp), and maximum pit depth (Rv) parameter by using 

"Gwyddion" software to acquire 3D-images, and by the following equations 

[174]; 

 

𝑅𝑞 = √
∑ (𝑍𝑖 − 𝑍𝑎𝑣)

2𝑁
𝑖=1

𝑁
 (4.1) 

 

𝑅𝑎 = √
∑ |𝑍𝑖 − 𝑍𝑐𝑝|

𝑁
𝑖=1

𝑁
 (4.2) 

where Zi is a local Z-value, Zav the average Z-value within the 

investigated area, N expresses number of points within the given area, and Zcp 

is a Z-value within the center plane. The root mean square (RMS) increased 

from 18.217  nm at content of 1.3 wt.% to 24.495 nm at content of 5.2 wt.% for 

PC-PS/SiC-MnO2 NCPs and it's increased from 20.394 nm at content of 1.3 

wt.% to 28.959 nm at content of 5.2 wt.% for PC-PS/SiC-Co2O3 NCPs 

whereas, the percentage increase of the surface roughness is 25.63% and 

29.58%, respectively. The RMS roughness of the examined films is listed in 

Table 4.1, and Table 4.2. The RMS roughness and mean roughness of the 

project area (1.3 × 1.3) μm2 increase with the increasing filler content which 

may attributed to the clustering of nanoparticles. Roughness is very essential 

parameter in layer device including optoelectronic application where it one of 

basic reasons for shunt resistance [174].  
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Figure 4.5: 2D-FESEM micro-images of (PC-PS/SiC-MnO2) nanocomposites: (A) for 

pure (B) for 1.3 wt.% (SiC/MnO2) NPs , (C) for 2.6 wt.% (SiC/MnO2) NPs, (D) for 3.9 

wt.% (SiC/MnO2) NPs and (E)  for 5.2 wt.% (SiC/MnO2) NPs 

A 

D 

B 

E 

C 
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Figure 4.6: 2D-FESEM micro-images of (PC-PS/SiC-Co2O3) nanocomposites :(A) for 

pure (B) for 1.3 wt.% (SiC/Co2O3) NPs, (C) for 2.6 wt.% (SiC/Co2O3) NPs, (D) for 3.9 

wt.% (SiC/Co2O3) NPs and (E) for 5.2 wt.% (SiC/Co2O3) NPs 

A 

D 

B 

E 

C 
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Figure 4.7: 2D-FESEM nano-images of (PC-PS/SiC-MnO2) nanocomposites: (A) for 

pure (B) for 1.3 wt.% (SiC/MnO2) NPs, (C) for 2.6 wt.% (SiC/MnO2) NPs, (D) for 3.9 

wt.% (SiC/MnO2) NPs and (E) for 5.2 wt.% (SiC/MnO2) NPs 

A 

D 

B 

E 

C 
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Figure 4.8: 2D-FESEM nano-images of (PC-PS/SiC-Co2O3) nanocomposites: (A) for 

pure (B) for 1.3 wt.% (SiC/Co2O3) NPs, (C) for 2.6 wt.% (SiC/Co2O3) NPs, (D) for 3.9 

wt.% (SiC/Co2O3) NPs and (E) for 5.2 wt.% (SiC/Co2O3) NPs 

A 

D 

B 

E 

C 
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Figure 4.9: 3D-FESEM nano-images of (PC-PS/SiC-MnO2) nanocomposites: (A) for 

pure (B) for 1.3 wt.% (SiC/MnO2) NPs, (C) for 2.6 wt.% (SiC/MnO2) NPs, (D) for 3.9 

wt.% (SiC/MnO2) NPs and (E) for 5.2 wt.% (SiC/MnO2) NPs 

  

A B 

D C 

E 
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Figure 4.10: 3D-FESEM nano-images of (PC-PS/SiC-Co2O3) nanocomposites: (A) for 

pure (B) for 1.3 wt.% (SiC/Co2O3) NPs, (C) for 2.6 wt.% (SiC/Co2O3) NPs, (D) for 3.9 

wt.% (SiC/Co2O3) NPs and (E) for 5.2 wt.% (SiC/Co2O3) NPs 

  

A B 

D C 

E 
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Table 4.1: The morphological characteristics of (PC/PS) blend and nanocomposites of 

(PC-PS/SiC-MnO2) films at standard room temperature 

Contents of 
SiC/MnO2 

nanoparticles 

Roughness 
mean 
(Ra) 

Root mean 
square 

(Rq) 

Maximum 
peak height 

(Rp) 

Maximum 
pit depth 

(Rv) 

Pure 33.044 40.057 111.158 134.842 

1.3 wt.% 18.217 24.715 142.584 96.416 

2.6 wt.% 20.526 31.221 127.174 98.826 

3.9 wt.% 23.687 32.676 124.566 99.434 

5.2 wt.% 24.495 37.485 87.186 156.814 

 

Table 4.2: The morphological characteristics of (PC/PS) polymeric blend and 

nanocomposites of (PC-PS/SiC-Co2O3) films at standard room temperature 

Contents of 
SiC/Co2O3 

nanoparticles 

Roughness 
mean 
(Ra) 

Root mean 
square 

(Rq) 

Maximum 
peak height 

(Rp) 

Maximum 
pit depth 

(Rv) 

Pure 33.044 40.057 111.158 134.842 

1.3 wt.% 20.394 25.956 85.049 142.951 

2.6 wt.% 24.272 30.511 79.684 154.316 

3.9 wt.% 28.801 35.169 86.515 166.485 

5.2 wt.% 28.959 39.815 99.799 128.201 
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4.3 The Linear Optical Characteristics of (PC-PS/SiC-MnO2) and (PC-

PS/SiC-Co2O3) Nanocomposites 

The optical characteristics of (PC-PS/SiC-MnO2) and (PC-PS/SiC-

Co2O3) nanocomposites include absorbance, transmittance, the absorption 

coefficient, the skin depth, energy gap, Urbach tails energy, extinction 

coefficient, refractive index, dielectric constants, and optical conductivity. 

4.3.1 The absorbance and transmittance spectrum of (PC-PS/SiC-MnO2) 

and (PC-PS/SiC-Co2O3) nanocomposites 

Figure 4.11 and Figure 4.12 display the variation of absorbance for 

(PC-PS/SiC-MnO2) and (PC-PS/SiC-Co2O3) nanocomposites with wavelength 

(𝜆) of the incident light respectively. As shown in Figures, the absorbance, (𝐴) 

for all prepared samples of nanocomposites increases  with the increase of the 

contents for SiC/MnO2 nanoparticles, and SiC/Co2O3 nanoparticles, this is due 

to the increase of the number of charge carriers with increasing content of 

nanoparticles [175]. The absorbance of nanocomposites increased about 

64.32% and 64.15% respectively when reached the SiC/MnO2 nanoparticles, 

and SiC/Co2O3 nanoparticles content to 5.2 wt.% at 𝜆 = 560 𝑛𝑚, this behavior 

useful for optoelectronics, photocatalysis and solar cells. In general, It is 

observed that the absorbance decreases with the increasing wavelength for all 

prepared nanocomposites. This physically means that an incident photon has 

not been able to excite the electron and move it from a lower to a higher energy 

level because the energy of the incident photon is less than the value of the 

energy gap of the nanocomposites [176]. In the UV-region, the absorbance of 

all samples of nanocomposites has a high value, this is due to the excitations 

of donor level electrons to the conduction band at these energies. 

The high absorbance of samples for nanocomposites at UV-region 

attributed to the energy of photons sufficient to interact with atoms. The 

absorption spectrum of (PC/PS) blend is limited in the UV region, but it is 

enhanced when SiC/MnO2 nanoparticles, and SiC/Co2O3 nanoparticles were 
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added, this is due to the high energy gap of the blend. The curves of (PC-

PS/SiC-MnO2) and (PC-PS/SiC-Co2O3) nanocomposites of high SiC/MnO2 

nanoparticles, and SiC/Co2O3 nanoparticles content showed a clear peak in the 

UV-region and less absorption in the visible region. The peak of high 

absorption is observed at around 260 𝑛𝑚, this is due to the absorption of 

SiC/MnO2 nanoparticles, and SiC/Co2O3 nanoparticles as a result of the 

increase in the number of charge carriers [177]. 

At visible and near infrared regions, the absorbance for all samples of 

nanocomposites decreases with increasing the wavelength, this behavior 

attributed to the energy of incident photons doesn't sufficient energy to interact 

with atoms, hence the photons will be transmitted when the wavelength 

increases. The (PC-PS/SiC-MnO2) and (PC-PS/SiC-Co2O3) nanocomposites at 

5.2 wt.% content of SiC/MnO2 nanoparticles, and SiC/Co2O3 nanoparticles 

have the highest absorbance due to the high diffusivity of manganese dioxide 

nanoparticles in (PC/PS) polymeric blend, these results agreements with the 

results of the researchers [178].  

Figure 4.13, and Figure 4.14 display the variation of transmittance, (𝑇) 

for (PC-PS/SiC-MnO2) and (PC-PS/SiC-Co2O3) nanocomposites with the 

wavelength (𝜆) of the incident light respectively. As shown in the Figures, the 

transmittance decreases with the increase of the contents for SiC/MnO2 

nanoparticles, and SiC/Co2O3 nanoparticles, this is due to the agglomeration of 

nanoparticles with increasing content and increase of the number of charge 

carriers. The transmittance of (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) 

nanocomposites decreased about 43.08% and 42.85% respectively when 

reached the SiC/MnO2 nanoparticles, and SiC/Co2O3 nanoparticles content to 

5.2 wt.% at 𝜆 = 560 𝑛𝑚. In general, the transmittance of (PC-PS) blends 

higher than the transmittance of (PC/PS) blend, (PC-PS/SiC-MnO2), and (PC-

PS/SiC-Co2O3) nanocomposites [179].  
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In the UV-region, the transmittance of polymeric blend and 

nanocomposites shows more decrement than in the visible region. The Impact 

of adding SiC/MnO2 nanoparticles, and SiC/Co2O3 nanoparticles are clear; 

they have a very low transmittance in the UV region, which decreased with 

increased content of SiC/MnO2 nanoparticles, and SiC/Co2O3 nanoparticles in 

nanocomposites [180]. The values of absorbance and transmittance for the 

prepared nanocomposites at 𝜆 = 560 𝑛𝑚 are shown in Table 4.4 and Table 

4.5, respectively. 

 

Figure 4.11: The variation absorbance spectrum with wavelength for PC/PS blend 

anddoped with SiC/MnO2 nanoparticles at standard room temperature 
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Figure 4.12: The variation absorbance spectrum with wavelength for PC/PS blend 

anddoped with SiC/ Co2O3 nanoparticles at standard room temperature 

 

Figure 4.13: The variation transmittance spectrum with wavelength for PC/PS blend 

anddoped with SiC/MnO2 nanoparticles at standard room temperature 
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Figure 4.14: The variation transmittance spectrum with wavelength for PC/PS blend 

anddoped with SiC/Co2O3 nanoparticles at standard room temperature 

Table 4.3: The absorbance and transmittance of (PC/PS) blend and (PC-PS/SiC-MnO2) 

nanocomposites at λ = 560 nm 

Samples 
Contents of 
SiC/MnO2 

nanoparticles 

Absorbance 
(%) 

Transmittance 
(%) 

(PC/PS) blend Pure 13.58 73.16 

(PC-PS/SiC-MnO2) 

nanocomposite 

1.3 wt.% 20.08 62.99 

2.6 wt.% 26.35 54.51 

3.9 wt.% 31.60 48.31 

5.2 wt.% 38.05 41.64 
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Table 4.4: The absorbance and transmittance of  (PC/PS) blend and (PC-PS/SiC-Co2O3) 

nanocomposites at λ = 560 nm 

Samples 
Contents of 
SiC/Co2O3 

nanoparticles 

Absorbance 
(%) 

Transmittance 
(%) 

(PC/PS) blend Pure 13.58 73.16 

(PC-PS/SiC-Co2O3) 

nanocomposite 

1.3 wt.% 21.18 61.41 

2.6 wt.% 26.68 54.11 

3.9 wt.% 33.63 46.11 

5.2 wt.% 37.88 41.81 

 

4.3.2 The absorption coefficient and skin depth for of (PC-PS/SiC-

MnO2) (PC-PS/SiC-Co2O3) nanocomposites. 

The absorption coefficient (α) and skin depth (𝛿) of nanocomposites 

were measured by using equations (2.14) and (2.15). Figure 4.15 and Figure 

4.16 display the variation of the absorption coefficient of (PC-PS/SiC-MnO2) 

and (PC-PS/SiC-Co2O3) nanocomposites as a function of the photon energy of 

the incident light respectively. The Figures illustrate that the absorption 

coefficient of prepared nanocomposites increases with the increasing of the 

contents of nanoparticles, while the skin depth decreased and this is attributed 

to the increase of the number of charge carriers in nanocomposites [181]. 

Figure 4.17 and Figure 4.18 depicts the skin depth with wavelength for (PC-

PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites films. The skin depth 

of (PC-PS/ SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites films were 

decreases as the photon energy increases, as a result of the increased absorption 
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probability. The absorption coefficient of (PC/PS) polymeric blend increased 

about 64.32% and 64.15%, respectively when the content of SiC/MnO2 

nanoparticles, and SiC/Co2O3 nanoparticles reached to 5.2 wt.% at λ=560 nm, 

this makes the nanocomposites useful for optoelectronics, photocatalysis, solar 

cells and many optical applications. 

The absorption coefficient of all prepared nanocomposites increases 

with increasing energy of the incident photon. This means that the electron 

transition has high probability; i.e. the energy of the incident photon is 

sufficient to interact with atoms. The absorption coefficient helps to know the 

electron transition nature [182]. When the values of the absorption coefficient 

of the material are low in the lower energy (𝛼 < 104) 𝑐𝑚−1, it's expected that 

the transition of electrons is indirect transition. While, when the values of the 

absorption coefficient of the material are high in the higher energy (𝛼 > 104) 

𝑐𝑚−1, it's expected that the transition of electrons is direct transition. From the 

results, it's found that the absorption coefficient of (PC-PS/SiC-MnO2) and 

(PC-PS/SiC-Co2O3) nanocomposites have values that are less than (104) cm-1 

which means the transition of electrons is indirect [183]. The values of 

absorption coefficient and skin depth for the prepared nanocomposites at 𝜆 =

560 𝑛𝑚 are shown in Table 4.5 and Table 4.6, respectively. 
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Figure 4.15: Variation of absorption coefficient for (PC-PS/SiC-MnO2) nanocomposites 

with photon energy at standard room temperature 

 

Figure 4.16: Variation of absorption coefficient for (PC-PS/SiC-Co2O3) nanocomposites 

with photon energy at standard room temperature 
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Figure 4.17: Variation of skin depth for (PC-PS/SiC-MnO2) nanocomposites with 

wavelength at standard room temperature 

 

Figure 4.18: Variation of skin depth for (PC-PS/SiC-Co2O3) nanocomposites with 

wavelength at standard room temperature 
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Table 4.5: The absorption coefficient and the skin depth of (PC-PS/SiC-MnO2) 

nanocomposites at λ = 560 nm 

Samples 
Contents of 
SiC/MnO2 

nanoparticles 

Absorbance 
coefficient 

(cm-1) 

Skin depth 
(cm) 

(PC/PS) blend Pure   96.20 0.0104 

(PC-PS/SiC-MnO2) 

nanocomposite 

1.3 wt.% 142.26 0.0070 

2.6 wt.% 186.73 0.0054 

3.9 wt.% 223.93 0.0045 

5.2 wt.% 269.64 0.0037 

 

Table 4.6: The absorption coefficient and the skin depth of (PC-PS/SiC-Co2O3) 

nanocomposites at λ = 560 nm 

Samples 
Contents of 
SiC/Co2O3 

nanoparticles 

Absorbance 
coefficient 

(cm-1) 

Skin depth 
(cm) 

(PC/PS) blend Pure   96.20 0.0104 

(PC-PS/SiC-Co2O3) 

nanocomposite 

1.3 wt.% 150.06 0.0067 

2.6 wt.% 189.03 0.0053 

3.9 wt.% 238.28 0.0042 

5.2 wt.% 268.40 0.0036 
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4.3.3 The energy gaps and Urbach tails energy of (PC-PS/SiC-MnO2) 

and (PC-PS/SiC-Co2O3) nanocomposites. 

The values of the optical energy gap (𝐸𝑔
𝑂𝑝𝑡.

) of nanocomposites are 

measured by using the equation (2.6). For all prepared nanocomposites, 𝐸𝑔
𝑂𝑝𝑡.

 

is determined by drawing between (𝛼ℎ𝜈)1/2 as a function of (𝐸𝑝ℎ), by 

stretching straight curve line and an intersection with x-axis which gives the 

energy gap value for all prepared nanocomposites. The energy gaps for allowed 

indirect transitions of (PC-PS/SiC-MnO2) and (PC-PS/SiC-Co2O3) 

nanocomposites are shown in Figure 4.19 and Figure 4.20 respectively. The 

energy gaps for forbidden indirect transitions of (PC-PS/SiC-MnO2), and (PC-

PS/SiC-Co2O3) nanocomposites are shown in Figure 4.21 and Figure 4.22, 

respectively. The values have been getting in Table 4.7 and Table 4.8, its 

showed that the values of  (allowed and forbidden) indirect energy gap, and 

Urbach energy of all prepared nanocomposites decrease with increasing the 

contents of the SiC/MnO2 nanoparticles, and SiC/Co2O3 nanoparticles. 

Conventionally, there is an inverse relationship between Urbach energy and 

optical band gap, therefore a sample with a narrower band gap is anticipated to 

have a wider band tail [184]. 

When the content of SiC/MnO2 nanoparticles, and SiC/Co2O3 

nanoparticles reached to 5.2 wt.% at λ=560 nm, the energy gap of (PC/PS) 

blend decreased about 60.39% and 61.09% for allowed indirect transitions 

respectively, about 96.16% and 95.22% for forbidden indirect transitions 

respectively, While the values of Urbach energy calculated by slope of 

equation (2.4) increased by about 73.78% and 78.66%, respectively and as 

illustrated in Figure 4.23 and Figure 4.24, this behavior make the 

nanocomposites suitable for lightweight and low-cost electronics and optical 

devices. The gradual reduction in the values of the energy gap, while Urbach 

energy increased with increasing, as shows in Figure 4.23 and Figure 4.24, 

which attributed to the formation of localized levels in the energy gap [185].   
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Figure 4.19: Variation of (αhυ)1/2 for (PC-PS/SiC-MnO2) nanocomposites with photon 

energy at standard room temperature 

 

Figure 4.20: Variation of (αhυ)1/2 for (PC-PS/SiC-Co2O3) nanocomposites with photon 

energy at standard room temperature 
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Figure 4.21: Variation of (αhυ)1/3 for (PC-PS/SiC-MnO2) nanocomposites with energy of 

photon at standard room temperature 

 

Figure 4.22: Variation of (αhυ)1/3 for (PC-PS/SiC-Co2O3) nanocomposites with energy 

of photon at standard room temperature 
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Figure 4.23: Plot of Ln(α)  for (PC-PS/SiC-MnO2) nanocomposites with photon energy 

at standard room temperature 

 

Figure 4.24: Plot of Ln(α) for (PC-PS/SiC-Co2O3) nanocomposites with photon energy 

at standard room temperature 
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Figure 4.25: Comparison between the Urbach energy values and the energy gap values 

of (PC-PS/SiC-MnO2) nanocomposites for all contents 

 

Figure 4.26: Comparison between the Urbach energy values and the energy gap values 

of (PC-PS/SiC-Co2O3) nanocomposites for all contents 
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Table 4.7: The band gap and Urbach energy of (PC/PS) blend and (PC-PS/SiC-MnO2) 

nanocomposites at λ = 560 nm 

Samples 
Contents of 
SiC/MnO2 

nanoparticles 

Indirect optical      

band gaps, Eg (eV) Urbach 
energy, 
EU (eV) 

Allowed Forbidden 

(PC/PS) blend Pure 3.2933 2.6410 0.7225 

(PC-PS/SiC-MnO2) 

nanocomposite 

1.3 wt.% 2.9133 2.0695 0.9228 

2.6 wt.% 2.4210 1.3299 1.3533 

3.9 wt.% 1.8832 0.6045 1.8049 

5.2 wt.% 1.5195 0.1327 2.2013 

 

Table 4.8: The band gap and Urbach energy of (PC/PS) blend and (PC-PS/SiC-Co2O3) 

nanocomposites at λ = 560 nm 

Samples 
Contents of 
SiC/Co2O3 

nanoparticles 

Indirect optical      

band gaps, Eg (eV) Urbach 
energy, 
EU (eV) 

Allowed Forbidden 

(PC/PS) blend Pure 3.2933 2.6410 0.7225 

(PC-PS/SiC-Co2O3) 

nanocomposite 

1.3 wt.% 2.1797 0.9677 1.5150 

2.6 wt.% 1.9478 0.6195 1.7716 

3.9 wt.% 1.7730 0.4387 1.9154 
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5.2 wt.% 1.4924 0.1655 2.7045 
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4.3.4 Refractive index and extinction coefficient of (PC-PS/SiC-MnO2) 

and (PC-PS/SiC-Co2O3) nanocomposites 

The refractive index is measured using the equation (2.20). The 

refractive index of (PC-PS/SiC-MnO2) and (PC-PS/SiC-Co2O3) 

nanocomposites as a function of wavelength are shown in Figure 4.27, and 

Figure 4.28 display that the refractive index of all prepared nanocomposites 

increases with the increase in the wavelength of the incident light. Furthermore, 

the refractive index of nanocomposites increases with the increase of the 

contents for (SiC/MnO2, and SiC/Co2O3) nanoparticles. This behavior 

attributed to the high absorbance of all samples for nanocomposites, which 

causes the decrease of the reflection and transmission [186]. NCs reduced their 

refractive index by 18.73% and 18.75%, respectively, making them 

advantageous for usage in optical applications [187]. 

Figure 4.29, and Figure  4.30 display the variance of the extinction 

coefficient for (PC-PS/SiC-MnO2) and (PC-PS/SiC-Co2O3) nanocomposites as 

a function of wavelength (λ) respectively. The Figures show that increase of 

the extinction coefficient of (PC-PS/SiC-MnO2) and (PC-PS/SiC-Co2O3) NCs 

with the increasing in the wavelength of the incident light in the UV region, 

this is due to the high absorption of all prepared NCs at these regions. In 

addition, the extinction coefficient of NCs increases at the visible and near 

infrared regions, which may be attributed to that the absorption coefficient of 

NCs thus, the extinction coefficient depends on the wavelength according to 

equation (2.18) [185], the extinction coefficient of (PC/PS) polymeric blend 

increases with increasing the content of the (SiC/MnO2, and SiC/Co2O3) NPs, 

this is related to the increased absorption coefficient of NCs [188]. The ratio of 

increase in extinction coefficient of (PC-PS/SiC-MnO2) and (PC-PS/SiC-

Co2O3) NCs was 64.32% and 64.15% respectively. The values of the refractive 

index and extinction coefficient of prepared NCs at wavelength (λ) shown in 

Table 4.9, and Table 4.10.  
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Figure 4.27: Variation of refractive index for (PC-PS/SiC-MnO2) nanocomposites with 

wavelength at standard room temperature 

 

Figure 4.28: Variation of refractive index for (PC-PS/SiC-Co2O3) nanocomposites with 

wavelength at standard room temperature 
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Figure 4.29: Variation of extinction coefficient for (PC-PS/SiC-MnO2) nanocomposites 

with wavelength at standard room temperature 

 

Figure  4.30:Variation of extinction coefficient for (PC-PS/SiC-Co2O3) nanocomposites 

with wavelength at standard room temperature 
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Table 4.9: The refractive index and extinction coefficient of (PC/PS) polymeric blend 

and (PC-PS/SiC-MnO2) nanocomposites at λ = 560 nm 

Samples 
Contents of 
SiC/MnO2 

nanoparticles 

Refractive 
index 

(unit less) 

Extinction 
coefficient 
(unit less)  

(PC/PS) blend Pure 2.1459   4.29×10-4 

(PC-PS/SiC-MnO2) 

nanocomposite 

1.3 wt.% 2.3988   6.34×10-4 

2.6 wt.% 2.5552   8.32×10-4 

3.9 wt.% 2.6249   9.98×10-4 

5.2 wt.% 2.6408 12.02×10-4 

 

Table 4.10: The refractive index and extinction coefficient of (PC/PS) polymeric blend 

and (PC-PS/SiC-Co2O3) nanocomposites at λ = 560 nm 

Samples 
Contents of 
SiC/Co2O3 

nanoparticles 

Refractive 
index 

(unit less) 

Extinction 
coefficient 
(unit less)  

(PC/PS) blend Pure 2.1459   4.29×10-4 

(PC-PS/SiC-Co2O3) 

nanocomposite 

1.3 wt.% 2.4322   6.69×10-4 

2.6 wt.% 2.5611   8.42×10-4 

3.9 wt.% 2.6378 10.62×10-4 

5.2 wt.% 2.6413 11.96×10-4 
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4.3.5 The real and imaginary parts of dielectric constant for (PC- 

PS/SiC-MnO2) and (PC-PS/SiC-Co2O3) nanocomposites 

The real and imaginary parts of dielectric constant are measured by 

using equations (2.24) and (2.25), respectively. Figure 4.31, and Figure 4.32 

display the variation of the real part of dielectric constant (𝜀𝑟 ) with the 

wavelength for (PC-PS/SiC-MnO2) and (PC-PS/SiC-Co2O3) nanocomposites 

respectively. The Impact of (SiC/MnO2, and SiC/Co2O3) nanoparticles on the 

imaginary part of dielectric constant (𝜀𝑖) is shown in Figure 4.33, and Figure 

4.34 for (PC/PS) polymeric blend, respectively. The behavior of the real part 

of the dielectric constant is similar to that of the refractive index (𝑛) because 

the value of the extinction coefficient (𝑘2)  is very small compared with 

refractive index (𝑛2), while the imaginary part of the dielectric constant is 

essentially proportional with extinction coefficient (𝑘) values [189]. As shown 

in the Figures, the real part of the dielectric constant of (PC/PS) polymeric 

blend is increased with increasing the contents of (SiC/MnO2, and SiC/Co2O3) 

nanoparticles, this attributed to decrease the scattering of the incident photon. 

The ratio of increased in real part of dielectric constant of nanocomposites was 

33.96% and 33.99% respectively. While, the imaginary part of the dielectric 

constant of nanocomposites is increased with the increasing of (SiC/MnO2, and 

SiC/Co2O3) nanoparticles contents, this is due to increase the absorption 

coefficient of nanocomposites. The imaginary part of the dielectric constant of 

nanocomposites increased about 71.01% and 70.88% respectively, when the 

content of (SiC/MnO2, and SiC/Co2O3) nanoparticles reached to 5.2 wt.% at 

𝜆 = 560 𝑛𝑚. The values of optical constants of prepared nanocomposites at 

wavelength (𝜆) shown in Table 4.11, and Table 4.12. 
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Figure 4.31: Variation of real part of dielectric constant for (PC-PS/SiC-MnO2) 

nanocomposites with wavelength at standard room temperature 

 

Figure 4.32: Variation of real part of dielectric constant for (PC-PS/SiC-Co2O3)   

nanocomposites with wavelength at standard room temperature 
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Figure 4.33: Variation of imaginary part for dielectric constant of (PC-PS/SiC-MnO2) 

nanocomposites with wavelength at standard room temperature 

 

Figure 4.34: Variation of imaginary part for dielectric constant of (PC-PS/SiC-Co2O3) 

nanocomposites with wavelength at standard room temperature 
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Table 4.11: The real and imaginary part dielectric constant of (PC/PS) polymeric blend 

and (PC-PS/SiC-MnO2) Nanocomposites at λ = 560 nm 

Samples 
Contents of 

MnO2 
nanoparticles 

Real dielectric 

constant 

(unit less)  

Imaginary 

dielectric 

constant 

(unit less)  

(PC/PS) blend Pure 4.60 18.39×10-4 

(PC-PS/SiC-MnO2) 

nanocomposite 

1.3 wt.% 5.75 30.42×10-4 

2.6 wt.% 6.53 42.53×10-4 

3.9 wt.% 6.89 52.39×10-4 

5.2 wt.% 6.97 63.46×10-4 

 

Table 4.12: The real and imaginary part dielectric constant of (PC/PS) polymeric blend 

and (PC-PS/SiC-Co2O3) Nanocomposites at λ = 560 nm 

Samples 
Contents of 

Co2O3 
nanoparticles 

Real dielectric 

constant 

(unit less)  

Imaginary 

dielectric 

constant 

(unit less)  

(PC/PS) blend Pure 4.61 18.39×10-4 

(PC-PS/SiC-Co2O3) 

nanocomposite 

1.3 wt.% 5.92 32.53×10-4 

2.6 wt.% 6.56 43.15×10-4 

3.9 wt.% 6.96 56.02×10-4 

5.2 wt.% 6.98 63.19×10-4 
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4.3.6 The optical conductivity of (PC-PS/SiC-MnO2) and (PC-PS/SiC-

Co2O3) nanocomposites 

The optical response of a material is mainly studied in terms of optical 

conductivity which can be calculated by using the equation (2.27). Figure 4.35, 

and Figure 4.36 display the variation of optical conductivity with the 

wavelength for (PC-PS/SiC-MnO2) and  (PC-PS/SiC-Co2O3) nanocomposites, 

respectively. The Figures show that the optical conductivity of all prepared 

nanocomposites is increased with increasing the contents of (SiC/MnO2, and 

SiC/Co2O3) nanoparticles, this behavior attributed to the formation of localized 

levels in the energy gap; the increase of the contents for (SiC/MnO2, and 

SiC/Co2O3) nanoparticles causes increase in the density of localized levels in 

the energy gap, thus, increase of the absorption coefficient consequently 

increasing the  optical  conductivity of nanocomposite [189]. The optical 

conductivity of nanocomposites increased about 71.01% and 70.88% 

respectively, when the content of (SiC/MnO2, and SiC/Co2O3) nanoparticles 

reached to 5.2 wt.% at 𝜆 = 560 𝑛𝑚 . The  optical  conductivity of 

nanocomposites decreases as the wavelength of the incident photon increases; 

this is due to the optical conductivity strongly depends on the wavelength of 

the incident photon on the nanocomposites.  

The optical conductivity of all prepared nanocomposites has high 

values in the UV-region; the increase of optical conductivity at low wavelength 

of photon is attributed to the high absorption of all prepared nanocomposite in 

that region, hence, increase of the charge transfer excitations. The spectrum of 

optical conductivity indicated that the samples are transmittance in the visible 

and near infrared regions [190]. The values of optical conductivity for the 

prepared nanocomposites at 𝜆 =  560 𝑛𝑚 are shown in Table 4.13, and Table 

4.14. 
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Figure 4.35: Variation of optical conductivity for (PC-PS/SiC-MnO2) nanocomposites 

with wavelength at standard room temperature 

 

Figure 4.36: Variation of optical conductivity for (PC-PS/SiC-Co2O3) nanocomposites 

with wavelength at standard room temperature 
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Table 4.13: The optical conductivity values of (PC/PS) blend and (PC-PS/SiC-MnO2) 

nanocomposites at λ = 560 nm. 

Samples 

Contents of 

SiC/MnO2 

nanoparticles 

Optical conductivity 

(s-1)  

(PC/PS) blend Pure 0.49×1012 

(PC-PS/SiC-MnO2) 

nanocomposite 

1.3 wt.% 0.81×1012 

2.6 wt.% 1.14×1012 

3.9 wt.% 1.41×1012 

5.2 wt.% 1.69×1012 

 

Table 4.14: The optical conductivity values of (PC/PS) blend and (PC-PS/SiC-Co2O3) 

nanocomposites at λ = 560 nm. 

Simple 

Contents of 

SiC/Co2O3 

nanoparticles 

Optical conductivity 

(s-1)  

(PC/PS) blend Pure 0.49×1012 

(PC-PS/SiC-Co2O3) 

nanocomposite 

1.3 wt.% 0.87×1012 

2.6 wt.% 1.16×1012 

3.9 wt.% 1.50×1012 
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5.2 wt.% 1.91×1012 

4.4 The D.C Electrical Characteristics of Nanocomposites 

The D.C electrical conductivity of (PC-PS/SiC-MnO2) and  (PC-

PS/SiC-Co2O3) nanocomposites can be calculated by using equation (2.29), and 

the thermal activation energy is calculated by using equation (2.30). 

4.4.1 The variation of D.C electrical conductivity for (PC-PS/SiC-

MnO2), and (PC-PS/SiC-Co2O3) nanocomposites with temperature  

The impact of temperature on D.C electrical conductivity of (PC-

PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites are shown in Figure 

4.37, and Figure 4.38, respectively. The figures show that the D.C electrical 

conductivity of all samples of nanocomposites increases with the increasing of 

temperature. The behavior of electrical conductivity of nanocomposites with 

temperature attributed to the increase of the mobility and number of charge 

carriers inside of (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites 

[191], where (PC/PS) chains and SiC/MnO2, and SiC/Co2O3 NPs could act as 

traps for the moving charge carriers by hopping process, the increase of 

temperature causes to moving the polymers chains and releasing the trapped 

charges [192]. So, the increase of current of (PC-PS/SiC-MnO2), and (PC-

PS/SiC-Co2O3) NCs with the increasing of temperature is attributed to two 

parameters: mobility and number of charge carriers, the increase is 

exponentially [193]. As temperature rises the electrical conductivity increases, 

due to the large number of ions is gained large kinetic energy because of charge 

carriers possess thermally activated hopping carriers between trapped sites, 

which is depending on temperature [194]. From the figures, the D.C electrical 

conductivity of (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) NCs have 

similarity behavior with temperature. Whereas, the percentage increase in 

electrical conductivity at a temperature of 50 for the two nanocomposites was 

about 82.29%, and 90.27%. The values of D.C electrical conductivity for the 

prepared nanocomposites at 𝑇 = 50 °𝐶 are shown in Table 4.15 and Table 4.16.  
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Figure 4.37: Variation of D.C electrical conductivity for (PC-PS/SiC-MnO2) 

nanocomposites with temperature 

 

Figure 4.38: Variation of D.C electrical conductivity for (PC-PS/SiC-Co2O3) 

nanocomposites with temperature 
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4.4.2 Impact of SiC/MnO2 and SiC/Co2O3 nanoparticles contents on D.C  

electrical conductivity of (PC-PS/SiC-MnO2), and (PC-PS/SiC-

Co2O3) nanocomposites 

Figure 4.39, and Figure 4.40; displays the variation of D.C electrical 

conductivity of (PC-PS/SiC-MnO2) and  (PC-PS/SiC-Co2O3) nanocomposites 

with contents of nanoparticles respectively. The Figures display that the D.C 

electrical conductivity of (PC/PS) blend, (PC-PS/SiC-MnO2) and  (PC-PS/SiC-

Co2O3) nanocomposites increases with the increase in the content of SiC/MnO2 

nanoparticles, and SiC/Co2O3 nanoparticles, as illustrate in Table 4.15, and 

Table 4.16; respectively. 

The increase of conductivity with the increasing of SiC/MnO2 

nanoparticles, and SiC/Co2O3 nanoparticles, contents attributed to the increase 

of the number of charge carriers inside nanocomposites [191]. In addition; 

when the content of (PC-PS/SiC-MnO2) and  (PC-PS/SiC-Co2O3) 

nanocomposites reach to (5.2 wt.%), the SiC/MnO2 nanoparticles, and 

SiC/Co2O3 nanoparticles form a network of paths inside the nanocomposite as 

displayed in Figure 4.3, and Figure 4.3 4.4; this behavior attributed to the higher 

probability of nanoparticles physical contact in the (PC/PS) polymeric blend. 

These contacts can be formed a network of paths which allowed to the free 

moving of charge carriers and leads to increase the conductivity [193]. Besides 

that; the addition of nanoparticles leads to the hosting of new energy levels 

within the band gap of (PC/PS) polymeric blend which leads to a reduction of 

the energy gap and increase in the conductivity [195]. 

At low contents of SiC/MnO2 nanoparticles and SiC/Co2O3 

nanoparticles are located in clusters, the clusters form a network at content (5.2 

wt.%) of (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites have 

the highest electrical conductivity due to the high electrical conductivity of 

MnO2 nanoparticles and Co2O3 nanoparticles and low density of SiC 

nanoparticles. This is consistent with the results of researchers [196]. 
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Figure 4.39: Impact of SiC/MnO2 nanoparticles contents for (PC-PS/SiC-MnO2) 

nanocomposites on D.C electrical conductivity at 50 °C 

 

Figure 4.40: Impact of SiC/Co2O3 NPs contents for (PC-PS/SiC-Co2O3) nanocomposites 

on D.C electrical conductivity at 50 °C  
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4.4.3 The thermal activation energy of the (PC-PS/SiC-MnO2), and the  

(PC-PS/SiC-Co2O3) Nanocomposites 

Figure 4.41, and Figure 4.42 depict the plot of (𝑙𝑛𝜎𝐷.𝐶) with (1000/𝑇) 

of (PC-PS/SiC-MnO2) and  (PC-PS/SiC-Co2O3) nanocomposites, respectively 

to calculate the thermal activation energy of nanocomposites by using equation 

(2.30). The experimental results show that the thermal activation energy values 

of nanocomposites are ranging from (0.5026 eV) to (0.2747 eV) of (PC-

PS/SiC-MnO2) nanocomposites, and (0.5026 eV) to (0.1938 eV) of  (PC-

PS/SiC-Co2O3) nanocomposites. The high value of activation energy for pure 

polymers (PC/PS) blend attributed to existence of free ions in the polymers. 

The decrease of activation energy with the increasing of the nanoparticles 

contents related to increasing in localization of charge carriers causing higher 

electrical conductivity which is attributed to effect of space charge contribution 

may play an important role in the charges transport, and also to the mobility of 

charge carriers by the hopping process [197]. 

 The variation of thermal activation energies of (PC-PS/SiC-MnO2) 

and  (PC-PS/SiC-Co2O3) nanocomposites with nanoparticles contents are 

shown in Figure 4.43 and Figure 4.44 respectively. The thermal activation 

energies decreases with the increasing of the nanoparticles contents for 

nanocomposites, this behavior attributed to creation local energy levels in the 

energy gap which act as traps for charge carriers [198]. At high contents of SiC, 

MnO2, and Co2O3 nanoparticles, the thermal activation energies have lower 

values which attributed to formation a continuous network of nanoparticles in 

the nanocomposite [199], and as illustrate in Table 4.15, and Table 4.16, 

respectively.  
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Figure 4.41: Plot of 𝒍𝒏(𝝈𝑫.𝑪) and inverted absolute temperature for (PC-PS/SiC-MnO2) 

nanocomposites 

 

Figure 4.42: Plot of 𝒍𝒏(𝝈𝑫.𝑪) and inverted absolute temperature for (PC-PS/SiC-Co2O3) 

nanocomposites 
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Figure 4.43 :Variation of thermal activation energy for (PC-PS/SiC-MnO2) 

nanocomposites with contents of SiC/MnO2 nanoparticles 

 

Figure 4.44: Variation of thermal activation energy for (PC-PS/SiC-Co2O3) 

nanocomposites with contents of SiC/Co2O3 nanoparticles  
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Table 4.15: Values of D.C electrical conductivity at 50 °C and thermal activation energy 

of (PC/PS) blend and (PC-PS/SiC-MnO2) nanocomposites 

Samples 
Contents of 
SiC/MnO2 

nanoparticles 

D.C electrical 
conductivity 

(S.cm-1)  

Thermal 
Activation 

Energy 
(eV) 

(PC/PS) blend Pure 08.25×10-9 0.5026 

(PC-PS/SiC-MnO2) 

nanocomposite 

1.3 wt.% 12.24×10-9 0.4770 

2.6 wt.% 20.64×10-9 0.4016 

3.9 wt.% 29.75×10-9 0.3316 

5.2 wt.% 46.56×10-9 0.2747 

  

Table 4.16: Values of D.C electrical conductivity at 50 °C and thermal activation energy 

of (PC/PS) blend and (PC-PS/SiC-Co2O3) nanocomposites 

Samples 
Contents of 
SiC/Co2O3 

nanoparticles 

D.C electrical 
conductivity 

(S.cm-1)  

Thermal 
Activation 

Energy 
(eV) 

(PC/PS) blend Pure 08.25×10-9 0.5026 

(PC-PS/SiC-Co2O3) 

nanocomposite 

1.3 wt.% 28.09×10-9 0.3413 

2.6 wt.% 45.69×10-9 0.2700 

3.9 wt.% 63.44×10-9 0.2271 

5.2 wt.% 84.71×10-9 0.1938 
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4.5 The A.C Electrical Characteristics of Nanocomposites  

       The A.C electrical Characteristics of (PC-PS/SiC-MnO2) and  (PC-PS/SiC-

Co2O3) nanocomposites are involved dielectric constant, dielectric loss and A.C 

electrical conductivity were studied in frequency range (100 − 5 × 106) 𝐻𝑧 at 

standard room temperature.  

4.5.1 The electrical dielectric constant of the (PC-PS/SiC-MnO2) and the  

(PC-PS/SiC-Co2O3) nanocomposites  

  The dielectric constant (𝜀′) of (PC-PS/SiC-MnO2) and  (PC-PS/SiC-

Co2O3) nanocomposites were calculated from equation (2.37). The behavior of 

dielectric constant of (PC-PS/SiC-MnO2) and  (PC-PS/SiC-Co2O3) 

nanocomposites with frequency is shown in Figure 4.45, and Figure 4.46. It is 

observed that dielectric constant reduces with the rise in frequency for all 

samples which due to its ability of dipoles in nanocomposites specimens to turn 

themselves in the direction of the applied electric field and the reduce of space 

charges or interfacial polarization to overall polarization [200]. The variation 

of dielectric constant of (PC-PS/SiC-MnO2) and  (PC-PS/SiC-Co2O3) 

nanocomposites with the content of nanoparticles at 𝑓 = 100 𝐻𝑧 is shown in 

Figure 4.47, and Figure 4.48 demonstration that the dielectric constant of (PC-

PS/SiC-MnO2) and  (PC-PS/SiC-Co2O3) nanocomposites increases with the 

increasing of the contents for (SiC/MnO2, and SiC/Co2O3) nanoparticles, as 

they are shown in Table 4.17 and Table 4.18 respectively. It is observed that 

rises with increasing of content nanoparticles for all samples of 

nanocomposites. This actions might be described by interfacial polarization 

inside the nanocomposites in the applied field alternating electric field and a 

rise in the charge carriers [201]. The increase of the dielectric constant reach to 

19.93%, and 32.66%. which means that prepared nanocomposites have low 

loss, meaning low energy loss which make it suitable for nanoelectronics 

devices and pressure sensors applications. 
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Figure 4.45: Variation of dielectric constant for (PC-PS/SiC-MnO2) nanocomposites 

with frequency at standard room temperature 

 

Figure 4.46: Variation of dielectric constant for (PC-PS/SiC-Co2O3) nanocomposites 

with frequency at standard room temperature 
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Figure 4.47: Impact of SiC/MnO2 nanoparticles contents on dielectric constant for (PC-

PS/SiC-MnO2) nanocomposites at 100 Hz 

 

Figure 4.48: Impact of SiC/Co2O3 nanoparticles contents on dielectric constant for (PC-

PS/SiC-Co2O3) nanocomposites at 100 Hz 
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Table 4.17: Values of dielectric constant for (PC-PS/SiC-MnO2) nanocomposites at 100 

Hz 

Samples 
Contents of 
SiC/MnO2 

nanoparticles 

Electrical dielectric 
constant 
(unit less) 

(PC/PS) blend Pure 1.9360 

(PC-PS/SiC-MnO2) 

nanocomposite 

1.3 wt.% 2.0690 

2.6 wt.% 2.1687 

3.9 wt.% 2.6091 

5.2 wt.% 2.8749 

 

Table 4.18: Values of dielectric constant for (PC-PS/SiC-Co2O3) nanocomposites at 100 

Hz. 

Samples 
Contents of 
SiC/Co2O3 

nanoparticles 

Electrical dielectric 
constant 
(unit less) 

(PC/PS) blend Pure 1.9360 

(PC-PS/SiC-Co2O3) 

nanocomposite 

1.3 wt.% 1.9859 

2.6 wt.% 2.0939 

3.9 wt.% 2.2518 
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5.2 wt.% 2.4179 
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4.5.2 The electrical dielectric loss of the (PC-PS/SiC-MnO2) and the         

(PC-PS/SiC-Co2O3) Nanocomposites 

The dielectric loss (𝜀′′) was calculated from equation (2.38). Figure 

4.49 and Figure 4.50 demonstration the behavior of dielectric loss for (PC-

PS/SiC-MnO2) and  (PC-PS/SiC-Co2O3) nanocomposites with frequency. It is 

observed that the dielectric loss of (PC-PS/SiC-MnO2) and  (PC-PS/SiC-Co2O3) 

nanocomposites reduces with the rise in frequency, which due to reduce of 

polarization of space charge influence. At low frequency, the dielectric loss has 

high values, then reduce with the rise in frequency, which attributed to the 

dipoles of electric has enough time to align with the electric field before change 

its direction [202]. From Figure 4.49 and Figure 4.50 the dielectric loss 

increases at (𝑓 = 4𝑀𝐻𝑧). This is the highest absorption of applied field. This 

absorption happens due to Maxwell-Wagner phenomenon which is caused by 

A.C current due to the difference of dielectric constant and conductivity of the 

phases in the composite. This is electric current has the same phase as that of 

the applied field [203]. Figure 4.51, and Figure 4.52 display the impact of 

(SiC/MnO2, and SiC/Co2O3) content on dielectric loss of (PC/PS) polymeric 

blend, respectively at 𝑓 = 100 𝐻𝑧. The rise in a content of nanoparticles lead 

to increase in the dielectric loss values which attributed to the rise of the number 

of charge carriers [204]. At low content of nanoparticles, it create as a clusters 

but at high content reached to 2.6 wt.% it form a network inside the 

nanocomposites. As shown in the Figures, the value of dielectric loss of 

nanocomposites increases with the increase the contents of (SiC/MnO2, and 

SiC/Co2O3) NPs as illustrated in Table 4.19 and Table 4.20. The increase in a 

value of dielectric loss reached to 33.28%, and 46.84%. The increases of 

dielectric loss value of (PC/PS) polymeric blend with increasing the contents 

of (SiC/MnO2, and SiC/Co2O3) NPs attributed to the increases of the number 

of charge carriers for nanocomposites. These results agree with [205]. 
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Figure 4.49: Variation of dielectric loss for (PC-PS/SiC-MnO2) nanocomposites with 

frequency at standard room temperature 

 

Figure 4.50: Variation of dielectric loss for (PC-PS/SiC-Co2O3) nanocomposites with 

frequency at standard room temperature 
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Figure 4.51: Impact of SiC/MnO2 nanoparticles contents on dielectric loss of the (PC-

PS/SiC-MnO2) nanocomposites at 100 Hz 

 

Figure 4.52: Impact of SiC/Co2O3 nanoparticles contents on dielectric loss of the (PC-

PS/SiC-Co2O3) nanocomposites at 100 Hz 
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Table 4.19: Values of dielectric loss of (PC-PS/SiC-MnO2) nanocomposites at 100 Hz 

Samples 
Contents of 
SiC/MnO2 

nanoparticles 

Electrical dielectric loss 
(unit less) 

(PC/PS) blend Pure 0.1162 

(PC-PS/SiC-MnO2) 

nanocomposite 

1.3 wt.% 0.1283 

2.6 wt.% 0.1366 

3.9 wt.% 0.1826 

5.2 wt.% 0.2185 

 

Table 4.20: Values of dielectric loss of (PC-PS/SiC-Co2O3) nanocomposites at 100 Hz 

Samples 
Contents of 
SiC/Co2O3 

nanoparticles 

Electrical dielectric loss 
(unit less) 

(PC/PS) blend Pure 0.1162 

(PC-PS/SiC-Co2O3) 

nanocomposite 

1.3 wt.% 0.1271 

2.6 wt.% 0.1319 

3.9 wt.% 0.1531 

5.2 wt.% 0.1741 

 



Chapter Four ……………………………….………………...... Results and Discussions 

123 

  



Chapter Four ……………………………….………………...... Results and Discussions 

124 

4.5.3 The A.C electrical conductivity of the (PC-PS/SiC-MnO2) and  the 

(PC-PS/SiC-Co2O3) Nanocomposites 

             The A.C electrical conductivity of nanocomposites is measured by 

using equation (2.39). The nanoparticles create a path network inside the 

nanocomposite at high contents of nanoparticles 5.2 wt.% for (PC/PS) 

polymeric blend. The variation of A.C electrical conductivity of (PC-PS/SiC-

MnO2) and  (PC-PS/SiC-Co2O3) nanocomposites with frequency are shown in 

Figure 4.53, and Figure 4.54 at standard room temperature respectively. As 

shown in the Figures, for all prepared nanocomposites the A.C electrical 

conductivity increases with increasing the frequency of the electric field, this 

behavior due to the space charge polarization that occurs at low frequencies, 

and also to the mobility of charge carriers by the hopping process. The mobility 

of charge carriers was increased in the high-frequency region; thus the electrical 

conductivity increases with increasing the frequency for (PC-PS/SiC-MnO2) 

and  (PC-PS/SiC-Co2O3) nanocomposites [206]. This is consistent with the 

results of the researchers [207].  

Figure 4.55, and Figure 4.56 demonstration the Impact of (SiC/MnO2, 

and SiC/Co2O3) nanoparticles contents on A.C electrical conductivity for 

(PC/PS) polymeric blend at 𝑓 = 100 𝐻𝑧 respectively. From the Figures, by 

increasing (SiC/MnO2, and SiC/Co2O3) nanoparticles contents, the electrical 

conductivity of nanocomposites increases as they are illustrated in Table 4.21, 

and Table 4.22. The increase of the electrical conductivity with increasing the 

content of (SiC/MnO2, and SiC/Co2O3) nanoparticles attributed to the increase 

in the number of charge carriers because of the composition of the dopants 

nanoparticles that decreases the resistance of nanocomposites gradually and 

increases the A.C electrical conductivity. This is consistent with the results of 

researchers [208]. 
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Figure 4.53: Variation of A.C electrical conductivity for (PC-PS/SiC-MnO2) 

nanocomposites with frequency at standard room temperature 

 

Figure 4.54: Variation of A.C electrical conductivity for (PC-PS/SiC-Co2O3) 

nanocomposites with frequency at standard room temperature 
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Figure 4.55: Impact of SiC/MnO2 nanoparticles contents on A.C electrical conductivity 

for (PC-PS/SiC-MnO2) nanocomposites at 100Hz 

 

Figure 4.56: Impact of SiC/Co2O3 nanoparticles contents on A.C electrical conductivity 

for (PC-PS/SiC-Co2O3) nanocomposites at 100 Hz 

Pure
1.3 wt.% 2.6 wt.%

3.9 wt.%

5.2 wt.%

0.0E+00

2.0E-12

4.0E-12

6.0E-12

8.0E-12

1.0E-11

1.2E-11

1.4E-11

1.6E-11

First Second Third Fourth Fifth

A
.C

 E
le

ct
ri

ca
l 

C
o

n
d

u
ct

iv
it

y
, s

A
.C

 (S
.c

m
-1

)

Concentration of (SiC/MnO2) NPs wt.%

Pure

1.3 wt.% 2.6 wt.%

3.9 wt.%

5.2 wt.%

0.0E+00

2.0E-12

4.0E-12

6.0E-12

8.0E-12

1.0E-11

1.2E-11

First Second Third Fourth Fifth

A
.C

 E
le

ct
ri

ca
l 

C
o

n
d

u
ct

iv
it

y
, s

A
.C

 (S
.c

m
-1

)

Concentration of (SiC/Co2O3) NPs wt.%



Chapter Four ……………………………….………………...... Results and Discussions 

127 

Table 4.21: Values of A.C electrical conductivity of (PC-PS/SiC-MnO2) nanocomposites 

at 100 Hz 

Samples 
Contents of 
SiC/MnO2 

nanoparticles 

A.C Electrical conductivity  
(S.cm-1) 

(PC/PS) blend Pure 6.46×10-12 

(PC-PS/SiC-MnO2) 

nanocomposite 

1.3 wt.% 7.14×10-12 

2.6 wt.% 7.60×10-12 

3.9 wt.% 10.16×10-12 

5.2 wt.% 12.15×10-12 

 

Table 4.22: Values of A.C electrical conductivity of (PC-PS/SiC-Co2O3) nanocomposites 

at 100 Hz 

Samples 
Contents of 
SiC/Co2O3 

nanoparticles 

A.C Electrical conductivity  
(S.cm-1) 

(PC/PS) blend Pure 6.46×10-12 

(PC-PS/SiC-Co2O3) 

nanocomposite 

1.3 wt.% 7.07×10-12 

2.6 wt.% 7.34×10-12 

3.9 wt.% 8.52×10-12 

5.2 wt.% 9.68×10-12 
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4.6 Applications of (PC-PS/SiC-MnO2) and (PC-PS/SiC-Co2O3) 

Bionanocomposites 

4.6.1 The application of (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) 

bionanocomposites for antibacterial activity 

The antibacterial Characteristics of the (PC-PS/SiC-MnO2), and (PC-

PS/SiC-Co2O3) nanocomposites were tested against Gram-positive 

(Staphylococcus aureus) and Gram-negative (Salmonella enterica), and the 

obtained data are presented in Figure 4.57 and Figure 4.58. As shown in the 

Figures, the inhibition zone increases with increasing the contents of SiC, 

MnO2, and Co2O3 nanoparticles.  

The results exhibited very high toxicity against Gram-negative bacteria, 

lower toxicity against Gram-positive bacteria. The presence of SiC, MnO2, and 

Co2O3 nanoparticles from the (PC-PS/SiC-MnO2) and  (PC-PS/SiC-Co2O3) 

nanocomposites explains the antimicrobial properties found in the prepared 

nanocomposites. In addition to this, the antimicrobial properties that have been 

exhibited in our results are similar with [209] who reported that small size 

nanoparticles may pass through cell membranes generating cell malfunction 

[210]. 

The positive charge on the nanoparticles is crucial for its antimicrobial 

activity through the electrostatic attraction between the negative charge on the 

cell membrane of microorganism and positively charged nanoparticles [211]. 

When the attraction is established, the nanoparticles will penetrate the 

cell membrane and bound with the electron donor functional groups such as 

phosphates, thiols, and indoles which contain sulfur and phosphorous 

compounds. All of these compounds are a presence in DNA or ribosomes. Thus 

the DNA function will be disrupted and the DNA cannot replicate. As a result, 

the microbial cell will not grow and eventually die [212]. 

A typical characteristic of any metal nanoparticle is begin able of 

reducing or removing microorganisms through two essential mechanisms: (I) 

the free metal ion toxicity that arises from dissolving metals from the surface 
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of nanoparticles [213], and (II) releasing reactive oxygen species (𝑅𝑂𝑆) and 

Barium ions [214].  

The nanocomposites are carrying the positive charges and the microbes 

are having the negative charges, which create the electromagnetic attraction 

between the nanoparticles of nanocomposites and the microbes, will the 

microbes get oxidized and die instantly [215]. The main mechanism that caused 

the antibacterial activity of nanocomposites by the nanoparticles, (𝑅𝑂𝑆) 

includes radicals like super oxide radicals (𝑂−2), hydroxyl radicals (𝑂𝐻) and 

hydrogen peroxide (𝐻2𝑂2); and singlet oxygen ( 𝑂2
1 ) could be the reason 

damaging the proteins and DNA of bacteria [216]. The (PC-PS/SiC-MnO2), 

and (PC-PS/SiC-Co2O3) bionanocomposites have been shown to have the 

strongest antibacterial activity against Staphylococcus aureus, and Salmonella 

enterica, which is attributed to the high antibacterial activity of (SiC/Co2O3) 

nanoparticles [217]. Table 4.23, and Table 4.24 display the inhibition zone 

diameter of (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) bionanocomposites, 

Where the inhibition percentages of bacteria were calculated compared to 

uninhibited samples using equation (2.41) for all samples of the 

bionanocomposites, and the inhibition percentages were obtained at content 

(5.2 wt.%) about (26.11% and 55.67%) of Gram-positive (Staphylococcus 

aureus) and about (48.85% and 59.71%) of Gram-negative (Salmonella 

enterica),  respectively. And as shown in each of Figure 4.63 and Figure 4.64 

of Gram-positive (Staphylococcus aureus), and Figure 4.65 and Figure 4.66 of 

Gram-negative (Salmonella enterica) for all concentrations. 
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Figure 4.57: Antibacterial activity of (PC-PS/SiC-MnO2) nanocomposite: (A) Images for 

inhibition zone of Gram-positive bacteria and (B) Images for inhibition zone of Gram-

negative bacteria against Staphylococcus aureus and Salmonella enterica. 

 

Figure 4.58: Antibacterial activity of (PC-PS/SiC-Co2O3) nanocomposites: (A) Images 

for inhibition zone of Gram-positive bacteria and (B) Images for inhibition zone of 

Gram-negative bacteria against Staphylococcus aureus and Salmonella enterica. 
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Figure 4.59: Diagram for antibacterial activity of (PC-PS/SiC-MnO2) nanocomposite for 

inhibition zone of Gram-positive bacteria against Staphylococcus aureus  

 

Figure 4.60: Diagram for antibacterial activity of (PC-PS/SiC-Co2O3) nanocomposite for 

inhibition zone of Gram-positive bacteria against Staphylococcus aureus 
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Figure 4.61: Diagram for antibacterial activity of (PC-PS/SiC-MnO2) nanocomposites 

for inhibition zone of Gram-negative bacteria against Salmonella enterica 

 

Figure 4.62: Diagram for antibacterial activity of (PC-PS/SiC-Co2O3) for inhibition zone 

of Gram-negative bacteria against Salmonella enterica 
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Figure 4.63: Impact of SiC/MnO2 nanoparticles on inhibition zone rate of Gram-positive 

bacteria against Staphylococcus aureus 

 

Figure 4.64: Impact of SiC/Co2O3 on inhibition zone rate of Gram-positive bacteria 

against Staphylococcus aureus 
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Figure 4.65: Impact of SiC/MnO2 nanoparticles on inhibition zone rate of Gram-

negative bacteria against Salmonella enterica 

 

Figure 4.66: Impact of SiC/Co2O3 on inhibition zone rate of Gram-negative bacteria 

against Salmonella enterica 
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Table 4.23: The values inhibitions zone diameter of (PC/PS) blend and (PS-PC/SiC-

MnO2) nanocomposites 

Samples 
Contents of 
SiC/MnO2 

nanoparticles 

Gram-Positive 
(Staphylococcus 

aureus) 

Gram-Negative 
(Salmonella 

enterica) 

D(mm) RD% D(mm) RD% 

(PC/PS) blend Pure 0 0 0 0 

(PC-PS/SiC-

MnO2) 

nanocomposite 

1.3 wt.% 0 0 17 21.76 

2.6 wt.% 0 0 17 21.76 

3.9 wt.% 16 16.88 20 33.50 

5.2 wt.% 18 26.11 26 48.85 

 
Table 4.24: The values inhibitions zone diameter of (PC/PS) blend and (PC-PS/SiC-

Co2O3) nanocomposites 

Samples 
Contents of 
SiC/Co2O3 

nanoparticles 

Gram-Positive 
(Staphylococcus 

aureus) 

Gram-Negative 
(Salmonella 

enterica) 

D(mm) RD% D(mm) RD% 

(PC/PS) blend Pure 0 0 0 0 

(PC-PS/SiC- 

Co2O3) 

nanocomposite 

1.3 wt.% 15 11.33 21 36.67 

2.6 wt.% 22 39.55 28 52.50 

3.9 wt.% 25 46.80 29 54.14 
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5.2 wt.% 30 55.67 33 59.70 
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4.6.2 Application of (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) 

bionanocomposites for photodegradation activity 

Photocatalytic activity of the prepared samples for (PC/PS) polymeric 

blend, (PC-PS/SiC-MnO2) and  (PC-PS/SiC-Co2O3) nanocomposites was 

studied by measuring  the photodegradation percentage of methylene orange 

(MO) dye as a pollutant model according to the procedure described in the 

section (2.6.2). The absorbance of MO dye is taken as a measure for its 

degradation.  display the behavior of MO dye photodegradation for (PC/PS) 

polymeric blend, (PC-PS/SiC-MnO2) and  (PC-PS/SiC-Co2O3) nanocomposites 

at wavelength ranging from 200 𝑛𝑚 to 600 𝑛𝑚, respectively. The Figures 

showed that the degradation of MO dye increases with increasing the 

percentages of nanoparticles. 

 Time-dependent absorbance spectrum behavior of MO dye solution for 

(PC/PS) polymeric blend, (PC-PS/SiC-MnO2) and  (PC-PS/SiC-Co2O3) 

nanocomposites at 𝜆𝑚𝑎𝑥 = 460 𝑛𝑚 are shown from Figure 4.67 to Figure 4.86 

respectively. The Figures display that the absorbance of MO dye decreases with 

increasing the time of the  irradiation. From the obtained results, we note that 

the photodegradation of methyl orange molecules reduced the absorbance at 

𝜆𝑚𝑎𝑥 = 460 𝑛𝑚 by 2.65% during 30 min. and by 5.44% during 90 min. The 

results display that the (PC/PS) polymeric blend reduces the absorbance of the 

dye to 8.08% within 30 min and 16.14% within 90 min, the (PC-PS/SiC-MnO2) 

with 1.3 wt.% content of SiC/MnO2 nanoparticles reduces the absorbance of the 

dye to 7.97% within 30 min and to 17.82% within 90 min, the (PC-PS/SiC-

MnO2) nanocomposites reduces the absorbance of the dye to 10.32% within 30 

min and to 28.36% within 90 min for 2.6 wt.% content of SiC/MnO2 

nanoparticles, the reduce in the absorbance of the MO dye about 11.61% within 

30 min and 33.51% within 90 min with content of 5.2 wt.% of MnO2 

nanoparticle for (PC-PS/SiC-Co2O3) nanocomposites, and the (PC-PS/SiC-

MnO2) nanocomposites reduces the absorbance of the dye to 13.98% within 30 

min and 54.05% within 90 min for 5.2 wt.% content of SiC/MnO2 nanoparticles. 
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In comparison, the (PC-PS/SiC-Co2O3) nanocomposites has a higher 

photocatalytic activity with 1.3 wt.% content of SiC/Co2O3 nanoparticles 

reduces the absorbance of the dye to 7.41% within 30 min and 19.97% within 

90 min, the  (PC-PS/SiC-Co2O3) nanocomposites with content of 2.6 wt.% of 

SiC/Co2O3 nanoparticles decreases the absorbance of the dye to 13.23% within 

30 min and 32.53% within 90 min, the reduce in the absorbance of the MO dye 

about 19.70% within 30 min and 45.35% within 90 min with content of 3.9 

wt.% of MnO2 nanoparticle for  (PC-PS/SiC-Co2O3) nanocomposites, and the 

reduce in the absorbance of the MO dye about 27.94% within 30 min and 

73.26% within 90 min with content of 5.2 wt.% of MnO2 nanoparticle for  (PC-

PS/SiC-Co2O3) nanocomposites. The difference in photocatalytic activities of 

nanocomposites is related to their band gap.  

The MO dye degradation percentage (𝐷𝑀𝑂%) of nanocomposites can be 

calculated by equation (2.51). The influence of UV irradiation time on 

degradation percentage of MO dye for (PC/PS) polymeric blend, (PC-PS/SiC-

MnO2) and  (PC-PS/SiC-Co2O3) nanocomposites at 𝜆𝑚𝑎𝑥 = 460 𝑛𝑚 are shown 

from Figure 4.89 to Figure 4.96, respectively. From the Figures, it's clear that 

the photodegradation percentage increases with increasing the time of the 

irradiation as shown in Table 4.25, and Table 4.26. The behavior 

photodegradation percentage with the time of the irradiation is due to an 

increase in the electron–hole pairs and a decrease in the recombination of these 

pairs, which leads to an increase in the decomposition percentages and thus an 

increase in the photocatalytic activity [218]. The sample of (PC-PS/SiC-Co2O3) 

nanocomposites with 5.2 wt.% content of SiC/Co2O3 nanoparticles are 

considered as the optimized sample, show more absorbance decay than that of 

the other samples. This result indicates that the presence of the photocatalyst 

increased the efficiency of hydrogen peroxide decomposition, and consequently 

the MO dye degradation. 

To describe the kinetic mechanism of the photodegradation of methyl 

orange molecules induced by UV-Irradiation in the absence and presence of 
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catalysts, for each of (PC/PS) polymeric blend, (PC-PS/SiC-MnO2) and  (PC-

PS/SiC-Co2O3) nanocomposites. The reaction rate is proportional to initial 

absorbance when the reaction is first-order kinetics [152, 219]. Figure 4.97, and 

Figure 4.98 shows the linear relationship between ln (𝐴𝑡/𝐴0) and UV-

Irradiation time. The results indicate that the photodegradation of methyl orange 

dye follows first-order kinetics. The rate constant (𝜅𝑑) values, which calculated 

by using equation (2.52) increase into 0.0088 min −1 for the (5.2 wt.%) content 

of (PC-PS/SiC-MnO2) nanocomposites and into 0.0145 min −1 for the (5.2 

wt.%) content of (PC-PS/SiC-Co2O3) nanocomposites.  

The half-life time (𝜏1 2⁄ ) was obtained for first-order kinetics using 

equation (2.53). It is inferred that the rate constant decreases with different 

dosages. The half-life time (𝜏1 2⁄ ) values decrease about 78.19% for the (5.2 

wt.%) content of (PC-PS/SiC-MnO2) NCs and from 86.77% min for the (5.2 

wt.%) content of  (PC-PS/SiC-Co2O3) NCs. The higher rate constant and lower 

half-life time for all dosages confirm that the prepared contents blend and NCs 

are effective catalysts. The calculated rate regular, half-life time and linear 

regression coefficient (coefficient of determination) (𝑅2) (COD) are given in 

Table 4.27, and Table 4.28. The (𝑅2) for the fitted lines was calculated to be 

between 0.9739 (dye), 0.9758 (blend) and 0.9899 (1.3 t.%) 0.9984 (2.6 t.%) 

0.9791 (3.9 wt.%) 0.9758 (5.2 wt.%) of (PC-PS/SiC-MnO2) NCs and 0.9851 

(1.3 t.%) 0.9973 (2.6 t.%) 0.9985 (3.9 wt.%) 0.9830 (5.2 wt.%) of (PC-PS/SiC-

Co2O3) NCs, respectively indicating that the photocatalytic degradation of 

methyl orange can be described by a first-order kinetic model. This will enable 

the separation of electron–hole pairs created by UV-irradiation. Thus, the 

recombination of electron–hole pairs in (SiC/MnO2, and SiC/Co2O3) NPs were 

prevented, and photocatalytic activity is increased [220].   
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Figure 4.67: Time-dependent absorbance spectrum behavior of MO dye solution 

illuminated by UV-radiation for MO dye molecules with wavelength 

 

Figure 4.68: Time-dependent absorbance spectrum behavior of MO dye solution 

illuminated by UV-radiation for Pure (PC/PS) blend with wavelength 
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Figure 4.69: Time-dependent absorbance spectrum behavior of MO dye solution 

illuminated by UV-radiation for 1.3 wt.% content of SiC/MnO2 NPs with wavelength 

 

Figure 4.70: Time-dependent absorbance spectrum behavior of MO dye solution 

illuminated by UV-radiation for 1.3 wt.% content of SiC/Co2O3 NPs with wavelength 
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Figure 4.71: Time-dependent absorbance spectrum behavior of MO dye solution 

illuminated by UV-radiation for 2.6 wt.% content of SiC/MnO2 NPs with wavelength 

 

Figure 4.72: Time-dependent absorbance spectrum behavior of MO dye solution 

illuminated by UV-radiation for 2.6 wt.% content of SiC/Co2O3 NPs with wavelength 
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Figure 4.73: Time-dependent absorbance spectrum behavior of MO dye solution 

illuminated by UV-radiation for 3.9 wt.% content of SiC/MnO2 NPs with wavelength 

 

Figure 4.74: Time-dependent absorbance spectrum behavior of MO dye solution 

illuminated by UV-radiation for 3.9 wt.% content of SiC/Co2O3 NPs with wavelength 
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Figure 4.75: Time-dependent absorbance spectrum behavior of MO dye solution 

illuminated by UV-radiation for 5.2 wt.% content of SiC/MnO2 NPs with wavelength 

 

Figure 4.76: Time-dependent absorbance spectrum behavior of MO dye solution 

illuminated by UV-radiation for 5.2 wt.% content of SiC/Co2O3 NPs with wavelength 
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Figure 4.77: Photodegradation performance for MO dye with UV-irradiation time at 

λmax=460 nm 

 

Figure 4.78: Photodegradation performance for (PC/PS) polymeric blend with UV-

irradiation time at λmax=460 nm 
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Figure 4.79: Photodegradation performance for (PC-PS/SiC-MnO2) NCs against MO 

dye with UV-irradiation time of 1.3 wt.% content of SiC/MnO2 NPs at λmax=460 nm 

 

Figure 4.80: Photodegradation performance for (PC-PS/SiC-Co2O3) NCs against MO 

dye with UV-irradiation time for 1.3 wt.% content of SiC/Co2O3 NPs at λmax=460 nm 
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Figure 4.81: Photodegradation performance for (PC-PS/SiC-MnO2) NCs against MO 

dye with UV-irradiation time for 2.6 wt.% content of SiC/MnO2 NPs at λmax=460 nm 

 

Figure 4.82: Photodegradation performance for (PC-PS/SiC-Co2O3) NCs against MO 

dye with UV-irradiation time for 2.6 wt.% content of SiC/Co2O3 NPs at λmax=460 nm 
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Figure 4.83: Photodegradation performance for (PC-PS/SiC-MnO2) NCs against MO 

dye with UV-irradiation time for 3.9 wt.% content of SiC/MnO2 NPs at λmax=460 nm 

 

Figure 4.84: Photodegradation performance for (PC-PS/SiC-Co2O3) NCs against MO 

dye with UV-irradiation time for 3.9 wt.% content of SiC/Co2O3 NPs at λmax=460 nm 
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Figure 4.85: Photodegradation performance for (PC-PS/SiC-MnO2) NCs against MO 

dye with UV-irradiation time for 5.2 wt.% content of SiC/MnO2 NPs at λmax=460 nm 

 

Figure 4.86: Photodegradation performance for (PC-PS/SiC-Co2O3) NCs against MO 

dye with UV-irradiation time of 5.2 wt.% content of SiC/Co2O3 NPs at λmax=460 nm 
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Figure 4.87: Impact of UV-Irradiation time on MO dye degradation percentage for MO 

dye solution at λmax=460 nm 

 

Figure 4.88: Impact of UV-Irradiation time on MO dye degradation percentage for 

(PC/PS) polymeric blend at λmax=460 nm. 
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Figure 4.89: Impact of UV-irradiation time on MO dye degradation percentage for (PC-

PS/SiC-MnO2) NCs for 1.3 wt.% content of SiC/MnO2 NPs at λmax=460 nm 

 

Figure 4.90: Impact of UV-irradiation time on MO dye degradation percentage for (PC-

PS/SiC-Co2O3) NCs for 1.3 wt.% content of SiC/Co2O3 NPs at λmax=460 nm 
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Figure 4.91: Impact of UV-irradiation time on MO dye degradation percentage for (PC-

PS/SiC-MnO2) NCs for 2.6 wt.% content of SiC/MnO2 NPs at λmax=460 nm 

 

Figure 4.92: Impact of UV-irradiation time on MO dye degradation percentage for (PC-

PS/SiC-Co2O3) NCs for 2.6 wt.% content of SiC/Co2O3 NPs at λmax=460 nm 
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Figure 4.93: Impact of UV-irradiation time on MO dye degradation percentage for (PC-

PS/SiC-MnO2) NCs for 3.9 wt.% content of SiC/MnO2 NPs at λmax=460 nm 

 

Figure 4.94: Impact of UV-irradiation time on MO dye degradation percentage for (PC-

PS/SiC-Co2O3) NCs for 3.9 wt.% content of SiC/Co2O3 NPs at λmax=460 nm 
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Figure 4.95: Impact of UV-irradiation time on MO dye degradation percentage for (PC-

PS/SiC-MnO2) NCs for 5.2 wt.% content of SiC/MnO2 NPs at λmax=460 nm 

 

Figure 4.96: Impact of UV-irradiation time on MO dye degradation percentage for (PC-

PS/SiC-Co2O3) NCs for 5.2 wt.% content of SiC/Co2O3 NPs at λmax=460 nm 
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Table 4.25: MO degradation percentage of  (PC/PS) blend, and (PC-PS/SiC-MnO2) 

nanocomposites at λmax=460 nm 

Time 
(min) 

MO degradation % 

Dye Pure 1.3 wt.% 2.6 wt.% 3.9 wt.% 5.2 wt.% 

Dark 0 0 0 0 0 0 

30 2.65 8.08 7.97 10.32 11.61 13.98 

60 3.67 12.19 13.09 18.94 19.62 36.19 

90 5.44 16.14 17.82 28.36 33.51 54.05 

 

Table 4.26: MO degradation percentage of (PC/PS) blend, and (PC-PS/SiC-Co2O3) 

nanocomposites at λmax=460 nm 

Time 
(min) 

MO degradation % 

Dye Pure 1.3 wt.% 2.6 wt.% 3.9 wt.% 5.2 wt.% 

Dark 0 0 0 0 0 0 

30 2.65   8.08 7.41 13.23 19.70 27.94 

60 3.67 12.19 11.83 22.17 34.30 51.93 

90 5.44 16.14 19.97 32.53 45.35 73.26 
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Figure 4.97: Plot of Ln (At/A0) of MO dye solution in contact with (PC-PS/SiC-MnO2) 

nanocomposite films as a function of UV-Irradiation time at λmax = 460 nm 

 

Figure 4.98: Plot of Ln (At/A0) of MO dye solution in contact with (PC-PS/SiC-Co2O3) 

nanocomposite films as a function of UV-Irradiation time at λmax = 460 nm 
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Table 4.27: Comparison values of MO dye degradation constant, half-life, and linear 

regression coefficient values for (PC-PS/SiC-MnO2) nanocomposites 

Samples κd (min-1) τ1/2 (min) R2 (COD) 

MO dye 0.0006 1166.33 0.9713 

(PC/PS) blend 0.0019 362.39 0.9739 

(PC-PS/SiC-MnO2) 
nanocomposites 

1.3 wt.% 0.0022 321.89 0.9899 

2.6 wt.% 0.0037 188.76 0.9984 

3.9 wt.% 0.0045 157.61 0.9791 

5.2 wt.% 0.0088 79.02 0.9758 

 

Table 4.28: Comparison values of MO dye degradation constant, half-life, and linear 

regression coefficient values for (PC-PS/SiC-Co2O3) nanocomposites 

Samples κd (min-1) τ1/2 (min) R2 (COD) 

MO dye 0.0006 1166.33 0.9713 

(PC/PS) blend 0.0019  362.39 0.9739 

(PC-PS/SiC-Co2O3) 
nanocomposites 

1.3 wt.% 0.0024  289.93 0.9851 

2.6 wt.% 0.0043  161.30 0.9973 

3.9 wt.% 0.0067  103.28 0.9985 

5.2 wt.% 0.0145    47.92 0.9830 
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4.6.3 Application of  (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) 

bionanocomposites for pressure sensors 

The variation of electrical capacitance for (PC-PS/SiC-MnO2), and 

(PC-PS/SiC-Co2O3) nanocomposites with pressure at (𝑓 = 105 𝐻𝑧) are shown 

in Figure 4.99 and  Figure 4.100, respectively. From the Figures, the electrical 

capacitance of nanocomposites increases with increasing the pressure. The 

explanation of the electrical capacitance behavior for nanocomposites with the 

pressure attributed to the nanocomposite samples has a crystalline region that 

has an internal dipole moment. These dipole moments are randomly oriented 

without any mechanical or electrical mechanism and the net dipole moment in 

this state is zero. When the pressure is applied, it will change the local dipole 

distributions and induced an electric field. The induced electric field collects 

the charges at the top and bottom of the samples [221].  

This is due to the geometry of the atomic structure of SiC/MnO2 

nanoparticles, and SiC/Co2O3 nanoparticles changes and the ions in the 

structure separated to form dipole moment then the electrical dipoles appear. In 

addition to oxygen vacancies for (PC/PS) polymeric blend form localized levels 

below the conduction band. This means the mobility of charge carriers and the 

hopping of ions from the cluster. Then the current increase due to the internal 

stress increasing, indicate that the capacitance will be increase [222]. 

The impact of SiC/MnO2 nanostructures, and SiC/Co2O3 nanostructures 

contents on the electrical capacitance of (PC-PS/SiC-MnO2), and (PC-PS/SiC-

Co2O3) nanocomposites is shown in Figure 4.101 and Figure 4.102, 

respectively. As shown in Figures, the electrical capacitance of nanocomposites 

increases with increase in the content of SiC/MnO2 nanoparticles, and 

SiC/Co2O3 nanoparticles as displayed in Table 4.29, and Table 4.30. The 

increase of electrical capacitance with increase in SiC/MnO2 nanoparticles, and 

SiC/Co2O3 nanoparticles contents attributed to the increase of the charge 

carriers number [86, 223].  
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While, the impact of applied pressure on the parallel capacitance, (𝐶𝑃) 

of (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites is shown in 

Figure 4.103 and Figure 4.104, respectively. The percentage increase in 

electrical capacitance became about 36.08% and 28.69% when the applied 

pressure changed from 80 𝑏𝑎𝑟 to 160 𝑏𝑎𝑟 at a content of 5.2 wt.%. 

Figure 4.105, and Figure 4.106 display the impact of MnO2 

nanoparticles, and Co2O3 nanoparticles contents on the sensitivity of (PC-

PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites. The sensitivity of 

nanocomposites can be calculated by using the equation (2.55). From the 

Figures, the sensitivity of prepared nanocomposites increases with the increase 

in MnO2 nanoparticles, and Co2O3 nanoparticles contents as shown in Table 

4.29, and Table 4.30. Finally, the increase percentage in the sensitivity of (PC-

PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites are 69.85% and 

83.46% at 𝑃 = 80 𝑏𝑎𝑟, respectively at 5.2 wt.% content of SiC/MnO2 

nanoparticles, and SiC/Co2O3 nanoparticles, this behavior makes the 

nanocomposites suitable to be used in different electronic, optical, and electric 

fields [224]. 
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Figure 4.99: Variation of parallel capacitance for (PC-PS/SiC-MnO2) nanocomposites 

with applied pressure at f=105 Hz 

 

Figure 4.100: Variation of parallel capacitance for (PC-PS/SiC-Co2O3) nanocomposites 

with applied pressure at f=105 Hz 
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Figure 4.101: Impact of applied pressure on parallel capacitance for contents of 

(SiC/MnO2) nanoparticles at f=105 Hz 

 

Figure 4.102: Impact of applied pressure on parallel capacitance for contents of 

(SiC/Co2O3) nanoparticles at f=105 Hz 
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Figure 4.103: Impact of (SiC/MnO2) nanoparticles contents on parallel capacitance for 

(PC/PS) polymeric blend at f=105 Hz 

 

Figure 4.104: Impact of (SiC/Co2O3) nanoparticles contents on parallel capacitance for 

(PC/PS) polymeric blend at f=105 Hz 
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Figure 4.105: Impact of (SiC/MnO2) nanoparticles contents on applied pressure 

sensitivity for (PC-PS/SiC-MnO2) nanocomposites at P=80 bar 

 

Figure 4.106: Impact of (SiC/Co2O3) nanoparticles contents on applied pressure 

sensitivity for (PC-PS/SiC-Co2O3) nanocomposites at P=80 bar 
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Table 4.29: Parallel capacitance (pF), and applied pressure sensitivity of (PC-PS/SiC-

MnO2) nanocomposites at P=80 bar 

Samples 
Contents of 
SiC/MnO2 

nanoparticles 

Parallel 
Capacitance 

(pF) 

Applied 
pressure 

sensitivity 
(%) 

(PC/PS) blend Pure 34.33   0.00 

(PC-PS/SiC-MnO2) 

nanocomposite 

1.3 wt.% 65.31 47.44 

2.6 wt.% 79.21 56.66 

3.9 wt.% 91.23 62.37 

5.2 wt.% 113.88 69.85 

 

Table 4.30: Parallel capacitance (pF) and applied pressure sensitivity of (PC-PS/SiC-

Co2O3) nanocomposites at P=80 bar 

Samples 
Contents of 
SiC/Co2O3 

nanoparticles 

Parallel 
Capacitance 

(pF) 

Applied 
pressure 

sensitivity 
(%) 

(PC/PS) blend Pure 34.33   0.00 

(PC-PS/SiC-Co2O3) 

nanocomposite 

1.3 wt.% 87.18 60.62 

2.6 wt.% 107.69 68.12 

3.9 wt.% 153.02 77.57 
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5.2 wt.% 207.53 83.46 
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 Chapter Five: Conclusions and Future Work 

5.1 Introduction  

This chapter includes a review of the conclusions obtained from this 

present work, as well as possible suggestions for future work for each of 

(PC/PS) polymeric blend, (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) 

nanocomposites. 

5.2 Conclusions 

In our present work, the following results were obtained: 

1. The absorbance, absorption coefficient, Urbach energy, refractive index, extinction coefficient, 

(real and imaginary) dielectric constants and optical conductivity of (PC/PS) polymeric blend 

increase with increasing the weight percentages of SiC/MnO2 nanoparticles, and SiC/Co2O3 

nanoparticles. The results showed that the (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) 

nanocomposites have higher absorbance in the UV region. The transmittance, energy gap, and 

skin depth of (PC/PS) polymeric blend decrease with increasing in the concentrations of the 

SiC/MnO2 nanoparticles, and SiC/Co2O3 nanoparticles. The absorbance of (PC/PS) polymeric 

blend increases about 41.04% and 42.06% with adding of 5.2 wt.% SiC/MnO2 nanoparticles, and 

SiC/Co2O3 nanoparticles, while the optical conductivity increased with percentage 34% and 

35%, respectively. The energy gaps decreased for the allowed transition about 60.39% and 

61.09%, respectively and the indirect f forbidden energy gaps decreased with percentage 

96.16% and 95.22% respectively an refractive index increased with percentage 23.56% and 

32.94%, respectively, by adding of 5.2 wt.% SiC/MnO2 nanoparticles, and SiC/Co2O3 

nanoparticles.  

2. D.C electrical conductivity of (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites 

increases with increasing in the contents of SiC/MnO2 nanoparticles, and SiC/Co2O3 

nanoparticles.  

rbidden

Conclusions and Future Works 
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3. The dielectric constant, dielectric loss and A.C electrical conductivity of (PC/PS) polymeric blend 

increase with increasing the percentages of SiC/MnO2 nanoparticles, and SiC/Co2O3 

nanoparticles. The dielectric constant and dielectric loss of nanocomposites are decreased with 

increase the frequency. The A.C electrical conductivity of nanocomposites is increased with 

increase in the frequency.  

4. The inhibition zone of (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites against Gram-

positive (Staphylococcus aureus) and Gram-negative (Salmonella enterica) is increased with the 

increasing the concentrations of SiC/MnO2 nanoparticles, and SiC/Co2O3 nanoparticles. The 

results showed that the (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites may be used 

as coating materials for high antibacterial activity applications . 

5. The absorbance of methylene orange dye solution of (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) 

nanocomposites decreases with increasing the concentrations of SiC/MnO2 nanostructures, 

and SiC/Co2O3 nanostructures. The absorbance of methylene orange dye solution for (PC-

PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites decreases with increasing the time of 

the irradiation. The photodegradation percentage of MO dye increases with increasing the time 

of the irradiation which leads to increase in the photodegradation reaction and reduced 

electron/hole recombination. The best photodegradation activity for (PC-PS/SiC-Co2O3) 

nanocomposites was 27.94% within 30 min and 73.26% within 90 min at contents 5.2 wt.% of 

SiC/Co2O3 nanoparticles. 

6. The electrical capacitance of (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) nanocomposites 

increases with increase of the pressure; the nanocomposites have a higher sensitivity to 

pressure with low weight, flexibility, low cost. The electrical capacitance of (PC/PS) polymeric 

blend increases with increase in the concentration of SiC/MnO2 nanostructures, and SiC/Co2O3 

nanostructures. The sensitivity of nanocomposites increases with the increase in the contents 

of SiC/MnO2 nanoparticles, and SiC/Co2O3 nanoparticles. From the sensing properties 

measurements of nanocomposites of 160 bar, it is shown that the nanocomposites are good 

sensors to this pressure. It is found the best sensitivity of (PC-PS/SiC-Co2O3) nanocomposites is 

83.46% at concentration 5.2 wt.%. 
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5.3 Suggestions for Future Works 

1. Study of mechanical and thermal characteristics of (PC/PS) polymeric blend, 

(PC-PS/SiC-MnO2) and (PC-PS/SiC-Co2O3) nanocomposites. 

2. Impact of natural and synthetic dyes on optical and electrical characteristics 

of (PC/PS) polymeric blend, (PC-PS/SiC-MnO2), and (PC-PS/SiC-Co2O3) 

nanocomposites and used as smart windows applications 

3. Studying the photodetectors application of (PC-PS/SiC-MnO2)  and (PC-

PS/SiC-Co2O3) nanocomposites. 

4. Studying the Gamma-ray shielding application of (PC-PS/SiC-MnO2)  and 

(PC-PS/SiC-Co2O3) nanocomposites. 

5. Studying the humidity sensors application of (PC-PS/SiC-MnO2)  and (PC-

PS/SiC-Co2O3) nanocomposites.
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Appendix A 

Flow Charts for Studied Characteristics   

A.1 Linear Optical Characteristics Flow Chart 

  

 

Read: 𝝀. 𝑨. 𝐚𝐧𝐝 𝒕 

𝑻 = 𝟏𝟎−𝑨. 

𝑹 = 𝟏 − (𝑨 + 𝑻). 

𝜶 =
𝟐. 𝟑𝟎𝟑𝟏 𝑨

𝒕
.     𝜹 =

𝟏

𝜶
  

Start 

𝒉𝒗 =
𝟏𝟐𝟒𝟎

𝝀
. (𝜶𝒉𝒗)𝜸 = 𝜷(𝒉𝒗 − 𝑬𝒈

𝒐𝒑𝒕.
). 

𝒏 =
𝟏 + √𝑹

𝟏 − √𝑹
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 .    𝝈𝒐𝒑𝒕. =

𝜶𝒏𝒄

𝟒𝝅
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Output : 𝑻.𝑹. 𝜶. 𝜹. 𝑬𝒈. 𝑬𝒖. 𝒏. 𝒌. 𝜺𝒓. 𝜺𝒊. 𝐚𝐧𝐝 𝝈𝒐𝒑𝒕. 

End 
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A.2 D.C Electrical Characteristics Flow Chart 

 

  
 

Read: 𝑰𝑫.𝑪. 𝑽𝑫.𝑪. 𝒕. 𝐚𝐧𝐝 𝒃 

Start 

𝑹𝑫.𝑪 =
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−𝑬𝒂𝒄𝒕./𝒌𝜷𝑻

 

 

Output : 𝝈𝑫.𝑪 𝐚𝐧𝐝 𝑬𝒂  

End 
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A.3 A.C Electrical Characteristics Flow Chart 

  

 

Read: 𝒇. 𝑪𝒑. 𝑫. 𝒕. 𝐚𝐧𝐝 𝒓 

Start 

𝑪𝟎 =
𝜺𝟎𝝅𝒓𝟐

𝒕
   

𝜺′ =
𝑪𝒑

𝑪𝟎
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Output :  𝑪𝟎. 𝜺′. 𝜺′′. 𝐚𝐧𝐝 𝝈𝑨.𝑪.  

End 
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Appendix B 

Flow Charts for Nanocomposites Applications   

B.1 Antibacterial Activity Applications 

 

  

 

 

 

 

 

 

 

B.2 Photodegradation Applications 
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End 
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B.3 Pressure Sensors Applications 
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لخلاصة ا  
المتراكبات   من  جديدين  نوعين  تصنيع  تم   ، الدراسة  هذه  الحيوية                            في  النانوية 

(2MnO-PS/SiC-PC( و )3O2Co-PS/SiC-PC  بتوضيف تقنية صب المحلول . صنع المتراكب )

( البوليمري  بالخليط  المتمثل  ) PC/PSالأساس  بتركيز   )50 wt.%  البولي من  مع                كربونيت ( 

(50 wt.%  من البولي ستايرين وكذلك تم )( إضافة جسيمات كاربيد السيليكون النانويةSiC للخليط )

( )PC/PSالبوليمري  النانوية  المنغنيز  أوكسيد  ثنائي  جسيمات  إضافة  تم  ذلك  بعد   )2MnO        )

( الى الخليط البوليمري بنسب وزنية مختلفة وهي     3O2Coوجسيمات ثلاثي أوكسيد الكوبلت النانوية )

( 1.3 ، 2.6 ، 3.9 ، 5.2  ) %. 

النانوية وثنائي أوكسيد المنغنيز وثلاثي   تأثير تراكيز جسيمات كاربيد السيليكون  تمت دراسة 

والكهربائية          والبصرية  والمورفولوجية  التركيبية  الخصائص  على  المضافة  النانوية  الكوبلت  أوكسيد 

النانو والمتراكبات  البوليمري  للخليط  المتناوب(  والتيار  المستمر  ))التيار  (       2MnO-PS/SiC-PCية 

الضوئي ومستشعرات  3O2Co-PS/SiC-PCو) والتحلل  للبكتيريا  المضادة  الأنشطة  ( وتطبيقاتها في 

 الضغط .

( لتحويل فوريير  الطيفي  التحليل  نتائج  بين  FT-IRأظهرت  تفاعلات كيميائية  توجد  لا  بأنهُ   )

( النانوية  والجسيمات  البوليمري  )2SiC/MnOالأساس  و   )3O2CoSiC/  تحليل تم  وكما   .)

( والمجال المنبعث للمجهر الإلكتروني الماسح  OMالمورفولوجية السطحية بوساطة المجهر البصري ) 

(FE-SEM  والتي أظهرت تجانساً جيداً وقد تم توزيعها بشكل موحد في جميع أنحاء الخليط البوليمري )

(PC/PS . ) 

وا البوليمري  للخليط  البصرية  الخصائص  دراسة  الطول تمت  مدى  في  النانوية  لمتراكبات 

( نانومتر . أظهرت النتائج التجريبية زيادة الامتصاصية ومعامل الامتصاص وطاقة  260-860الموجي )

البصرية   والتوصيلية   ) والخيالي  الحقيقي   ( العزل  وثابت  الخمود  ومعامل  الانكسار  ومعامل  أورباخ 

( ، بينما تناقصت 3O2SiC/Co( و )2SiC/MnOالمضافة )للمتراكبات النانوية بزيادة التراكيز النانوية  

(  2SiC/MnOالنفاذية وعمق الاختراق وفجوة الطاقة مع زيادة التراكيز للجسيمات النانوية المضافة )

 ( .3O2SiC/Coو )

أظهرت النتائج إن الموصلية الكهربائية )التيار المستمر( للمتراكبات النانوية تزداد مع زيادة  

( ودرجة الحرارة . كما تم دراسة  3O2SiC/Co( و ) 2SiC/MnOالجسيمات النانوية والمضافة )تراكيز  

(  10×65-100الخصائص الكهربائية )التيار المتناوب( عند درجة حرارة الغرفة القياسية في مدى تردد )

الكهربائية قد هيرتز . أظهرت النتائج التجريبية إن ثابت العزل الكهربائي والفقدان العزلي والتوصيلية  

( النانوية  التراكيز  زيادة  مع  )2SiC/MnOازدادت  و   )3O2SiC/Co العزل ثابت  إنخفض  كما   .  )



 

 

الكهربائي والفقدان العزلي الكهربائي للمتراكبات النانوية مع زيادة تردد المجال الكهربائي المطبق بينما  

التردد   زيادة  مع  المتناوب(  )التيار  الكهربائية  التوصيلية  المضافة  زادت  النانوية  والتراكيز 

(2SiC/MnO( و )3O2SiC/Co.  ) 

ل للبكتيريا  المضادة  الأنشطة  اختبار  الحيوية                 تم  النانوية  والمتراكبات  البوليمري  لخليط 

الأمراض  ال (Staphylococcus aureus) ضد مسببات  إيجابية  ، وككبكتيريا   Salmonella)رام 

enterica)   الكبكتيريا سالب يزداد مع زيادة نسبة وزن  .رامكة  التثبيط  النتائج أن قطر منطقة  أظهرت 

رام لديها  ك، كما أن البكتيريا موجبة ال(  3O2SiC/Co( و )2SiC/MnO) إضافات الجسيمات النانوية

 القوية فعالية  رام. أظهرت النتائج أن الكمقاومة أكبر لهذه الجسيمات النانوية مقارنة بالبكتيريا سالبة ال

 ( . 3O2SiC/Co( و ) 2SiC/MnO)  الجسيمات النانوية تراكيزمنطقة التثبيط تزداد بزيادة تكون ي الت

إضافة    يةامتصاص  ت انخفض مع  الميثيلين  برتقال  النانوية  صبغة  الجسيمات  تراكيز 

(2SiC/MnO( و   )3O2SiC/Co  )امتصاص أن  كما  ل  ية.  الميثيلين  برتقال  البوليمري  صبغة  لخليط 

الحيوية النانوية  للمركبات  ت والمتراكبات  الضوئي  التحلل  نسب  تزداد  التشعيع.  تناقص مع زيادة وقت 

النانوية مع زيادة وقت التشعيع مما يؤدي إلى زيادة التفاعل التحفيزي الضوئي وتقليل إعادة التركيب  

 تراكيز ية قد زاد مع زيادة  كبات النانو ارت. أظهرت النتائج أن النشاط التحفيزي الضوئي للمفجوةإلكترون/

 3O2Co-PS/SiC-(PC (وجد أن أفضل نشاط تحفيزي ضوئي للمركبات النانوية  .الجسيمات النانوية

 جزيئات ال( من  %.wt 5.2)  التركيزدقيقة عند    90خلال    %73.26دقيقة و    30خلال    %27.94كان  

 .ا تحلل ضوئي جيد للملوثات العضويةكبات النانوية لهارت. نتيجة لذلك ، فإن الم 3O2(SiC/Co(  النانوية

قياسات   دراسة  للم  مستشعرات تمت  المطبقارتالضغط  الضغط  نطاق  في  الحيوية             كبات 

الكهربائية 160-80) السعة  أن  النتائج  أظهرت  الحساسية.  عالي  الصنع  محلي  نظام  باستخدام  بار   )

المواد المضافة والضغط المطبق. من خلال قياسات خصائص   تراكيزكبات النانوية تزداد مع زيادة  ارتللم

للم لـ  ارتالاستشعار  النانوية  الم  160كبات  أن  يتضح   ، لهذا ارتبار  جيد  مستشعر  هي  النانوية            كبات 

للم حساسية  أفضل  أن  وجد  )ارتالضغط.  النانوية  هي  2MnO-PS/SiC-PCكبات  عند   %69.85( 

 ( لديها حساسية3O2Co-PS/SiC-PCكبات النانوية )ارت( ونتيجة لذلك فإن الم%.wt 5.2)  التركيز

 . أعلى للضغط
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