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Summary

In this work, (PVA-PVP/Bi,0;) and (PVA-CMC/BI,05)
nanocomposites were prepared by casting method with different weight
concentrations of Bismuth oxide (0,1,3 and 5)wt% with the average particle
size between 20-30 nm. As well as a study of the effect of concentrations of
Bi,0; nanoparticles on the structural, optical, and electrical properties of
the (PVA-PVP) and (PVA-CMC) blend.

The results of the optical microscope images showed the Bismuth
oxide nanoparticles distributed uniformly homogeneous and regular within
the polymeric mixture of (PVA-PVP) and (PVA-CMC). The Fourier
Transition Infrared Spectroscpy (FTIR), absorptions spectrum showed a
change in the intensity, shape, and displacement of the peak’s sites
compared to the pure films of the (PVA-PVP / Bi,0;) and (PVA-CMC
/Bi,03) nanocomposites ,which refers to the corresponding vibrations of the

two polymers and the Bi,O; nanoparticles.

The results of the optical properties of (PVA-PVP/BI,05) and (PVA-
CMC/Bi,03) nanocomposites such as extinction coefficient ,absorption,
absorption coefficient, refractive index, optical conduction and the real and
Imaginary isolation constant were increased with the increasing the
concentrations of Bismuth oxide, while the transmittance values and the

energy gaps permeability decreased.

The results of the A.C. electrical properties of (PVA-PVP/Bi,05) and
(PVA-CMC/BIi,0;3) nanocomposites showed the dielectric loss and
dielectric constant decreased with increasing  the frequency the
concentrations of Bismuth oxide nanoparticles, electrical conductivity of
A.C was increased with increasing both the frequency and concentrations

of Bismuth oxide nanoparticles .



The results of application for nanocomposites showed that the
attenuation coefficient for gamma radiation increased with increasing in

Bi,05 nanoparticles .
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Chapter One Introduction and Literature Review

1.1. Introduction

As we cannot imagine our planet without the atmosphere layer ,we
also cannot ideate our daily life without polymers, specially the synthetic
ones Polymers are all around us and could be responsible for the life itself,
we may find them in food, water, clothes, buildings, cars and even in our
bodies[1]. The term polymer is usually used to describe a wide range of
materials from synthetic materials like plastic, fibers, nylon, ...etc , to the
natural polymers such as cellulose , silks, hair, DNA and RNA ...etc [2].
So we can say that polymers are the tiny basis of every materials around us,

living or not living , organic or inorganic bodies|[3].

There is an immemorial history for us to observe polymers starting
with the theory saying that the world consist of four elements .i.e. water,
air, fire and earth reaching to the Maxwell's theory of atom's motion
(Boltzmann1872)[2].We can consider polymers is the fifth element , in
addition we already know that mankind lived in several ages, like stone
age, ice age, bronze age, ...etc , at the present time we could numerate this
age by polymer age [4],the full understanding of polymers was in the
middle of 20th century where the clear nature of polymeric materials had
been came with the creation of plastic, so the developments are continuous
since ever. However ,with all this evolution and magnificence of industry

we still severity need man- made polymeric materials[2].

In every field of science there is an investigation methods to be
responsible for the materials properties and their applications and results ,
generally polymers, polymers blends, polymers composites and filled
polymers represent the principle basis of polymer materials science[4]. For
several millennia, mankind had been exploited matter in technology
through the ages and the materials which engineered for useful applications

based on a good understanding of molecular properties .The 19th century
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was the age of iron and steel which are known as the "Hard" materials , the
20th century witnessed the invention of new types of engineered materials
notably polymers , which in plastics form interline in many applications
overtake a lot of the traditional hard materials and this leads to the birth of
new and important class of inorganic and semiconductors materials which
became the basis of the second industrial revolution recently known as
"Soft" materials [5],polymers had replaced natural materials in many fields
and applications and it is seem for some daily objects so difficult to
imagine them not made of polymers, plants and animals use natural
polymers to assume an assortment of knotted tasks, for example silk worms
when they produce silk or the spiders to build their webs they produce a
polymer fibers with a wide range of mechanical and structural

properties[6].
1.2. Polymers

Polymers are built up by linking together monomers in large numbers.
Monomers are molecules with functional groups or elements which react
with each other to form large molecules. The degree of polymerization
determines the size of a polymer. The polymer size is the total number of
structural units which includes the end groups and is also related to both
chain length and molecular weight[14]. Polymers are macromolecules
which are constructed by the covalent linking of simple molecular repeated
units. The structure is implied in the phrase “poly,” meaning many, and
“mer,” designating the nature of the repeating unit [2—4]. Polymers are
modified to provide specific compatibility, durability or properties dictated
by their expected use in industry and there has been expanded use of
polymer blends and composites in industrial applications. Polymers from
synthetic resources are mainly non-biodegradable materials[15]. Polymers,
the molecules of plastic, are predominantly derived from fossil-based

feedstocks. They are remarkably lightweight, durable, protective,

2
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conductive, and self-healing, which are just a few of their many
attributes.Polymers play a vital role in human activities by contributing to
the sophistication and comfort of society. They are insoluble materials
whose properties are modified by using fillers and fibers to suit the

highstrength/high modulus requirements[16].
1.3 Polymer Structure

Polymers are categorized as thermoplastics and thermosets. The category is
based on the characteristics of the recycling nature of the end products.
Polymers have attracted attention because their physical properties differ
from the starting monomer material. Polymers can be linear (polystyrene,

polypropylene), branched (polyethylene) or cross-linked (epoxy) [11].

SRS -

c) d)

Figure 1.1: These four types of polymers illustrated .

Thermoplastics are lengthy polymer chains that have a high molecular
weight. These chains can be crystalline or amorphous, depending on the
thermoplastic. The high molecular weights of polymers are what give them
their useful features, including as superior mechanical capabilities and the
capacity to be molded into a wide variety of different kinds of parts

(injection molded, extruded, etc). Thermoplastics can have no crystallinity,

3
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making them amorphous. This causes the lengthy chains to become
entangled with one another, giving the impression that the material is "like
a bowl full of spaghetti." Since the polymer chains are going through
random Brownian motion and slithering past one another, the late Professor
Garth Wilkes from Virginia Polytechnic Institute used to compare molten
polymers (like linear amorphous) to a bowl full of snakes. [6] He was

referring to the fact that molten polymers are like linear amorphous.

Thermosets are a type of polymer that start out as small molecules
(monomers and oligomers), but through the process of a chemical reaction,
they are able to polymerize into a network structure. In the fully cured and
final condition, the crosslinks bind the chains together, which provides both
strong mechanical qualities and dimensional stability, but thermosets will

not flow (and are not dimensionally stable) above their T [7].

Cross link

Thermoplastic resins Thermosetting resins

Figure (1.2): Difference between thermoplastic and thermoset polymers|[7].
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1.4. Polymer Blends

Polymer blends are a class of materials which share similarity with
metal alloys, as at least two polymers are mixed to form a single mixture
with differing physical characteristics [8]. The destiny of polymer blends is
extracted from miscibility of their blend’s components. Many scientific
experiments have been conducted using solvent casting, but most industrial
polymer mixtures are prepared by melting, using extruders with a twin
screw. Because of the one of a kind interaction between the polymer
chains, the two types of polymer can mix together without any problems. In
the following equation, which represents the second law of
thermodynamics, the laborer of entropy may be used to explain this

phenomenon:
AG mix= AHwmix -TASmix e (1.1)

where, AG = change in free energy, AH = change in enthalpy, AS = change

in entropy, T= absolute temperature.

The free mixing energy of Gibbs must have a negative value in order
for there to be a homogenous miscible mixture. When it comes to polymer
combinations with a larger molecular weight, the increase in entropy is not
detectable at all. Therefore, in order for the free mixing energy to be
negative, the mixing heat also needs to be negative. This indicates that the
combination must be exothermic, which typically includes precise
Interactions between the components that are being blended [9]. In general,
there are three types of polymer blends: compatible, miscible, and
immiscible polymer blends [10]. Compatible polymer blends are those that

may be mixed with other compatible polymers.

Forming polymer blends is a typical way of producing modern
products with improved properties. Unfortunately, due to the broad

enthalpy and poor mechanical properties, most polymer mixtures prefer to

5



Chapter One Introduction and Literature Review

separate phases. The regulation of phase behavior and morphology is
therefore a key factor in deciding upon the efficiency of polymer blends,
which mainly depend on the interface between the polymer components
[17].

1.5 Nanomaterials and Nanocomposites

Nano is a prefix for any unit, such as a second or a meter, that comes
from the Greek word for dwarf or abnormally small human. Nanomaterials
are materials with individual particles in the range of 1-100 nm, in one
dimension or more, and are described as a billionth (10)” of that unit. One
nanometer is equal to ten hydrogen atoms or five silicon atoms aligned in a
straight line. [18].

Nano composite materials encompass a vast range of systems,
including one-dimensional, two-dimensional, three-dimensional, and
amorphous materials, many of which are made up of dissimilar elements

that are combined at the nanometer scale. [19].

A nanocomposite is a composite substance of which one or both of the
elements has a nanoscale in one dimension, and a composite is a mixture of
two or more different materials combined in an effort to combine the best
properties of each at least. There are three basic types of materials, metal,
ceramic and polymer, each one of them have a specific properties, metals
are strong, ductle and conductive. Ceramics are strong, chemically
resistant, insulating and brittle. Where polymers are usually impact

resistant, insulating and ductle[20].

Polymers are outshined over metals and ciramics due to their low
density, high stiffness, high strength and facility to fabricate of complex
part over a large scale by using traditional injection molding, however,
polymers have low electrical conductivity, poor mechanical properties, and

low thermal conductivity, so all these properties can be enhanced by adding

6
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appropriate volume fraction of fillers like fibers or particulates into the
polymer matrix, which called nano composites. A composite is a mixture of
two or more of these material types. A nano composites is also a mixture of
two different materials. The composite itself doesn’t determine all the
properties of the material, every material have a structure that may

contribute to these properties to be considered[21].
1.6. The Materials Used in The Study
1.6.1 Polyvinyl Alcohol (PVA)

Polyvinyl Alcohol is Water-soluble synthetic polymers produced by
humans will normally be absorbed, scattered, and swollen in nature. Itis a
non-toxic and odorless polymer with strong chemical resistance and
mechanical properties. Its drawbacks include a high price tag and minimal

barrier and thermal properties[22].

PVA comes in a variety of shapes, including powder, film, and fiber.
PVA is semi crystalline polymer composed of mainly amorphous phases
with little pet of crystallinity. The majority of the properties of PVA are
determined by its molecular weight as well as the degree of hydrolysis with
the molecular weight; the molecular weight of PVA ranges between
(10,000-400,000) g/mol, which is based on the length of vinyl acetate that
was used to produce PVA, and the range of hydrolysis is typically between
80 and 99 percent, such as in the cases of: Increases in molecular weight
and degree of hydrolysis are accompanied by decreases in water sensitivity,
stability, and solubility. However, increases in tensile strength, solvent
resistance, and water block all occur simultaneously. PVA is one of the
most significant hydrophilic polymers; it has a high sensitivity to moisture,
which enables it to be employed in the composites and blends used in the

production of packaging materials. [23].
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— —

H

T
C—C
I

H

Figure (1.3): Chemical structure of PVA[23].

1.6.2.Carboxymethyl Cellulose (CMC)

Carboxymethyl cellulose is an ionic linear polymer that is employed
in a wider variety of applications all over the world than any other water-
soluble polymer that is currently known. CMC is a cellulose derivative that
has carboxy methyl groups bonded to some of the hydroxyl groups of the

glucopyranose monomers that make up the cellulose backbone [24].

These hydroxyl groups are found in the cellulose backbone. In the
1930s, Germany was the first country in the world to synthesize
carboxymethyl cellulose. Since 1947, it has been produced in the United
States of America. It was put to use in the manufacturing of a synthetic
version of laundry detergent. In the meantime, CMC was beginning to find
use in a wide variety of other industries. In most cases, CMC is made by
reacting alkali cellulose with monochloroacetate or the sodium salt of

monochloroacetate in an organic medium. [25].

Today, CMC is used to improve surface or barrier qualities, increase
viscosity, manage the rheology of a solution, prevent the separation of
water from a suspension, and prevent the separation of water from a
suspension. The purified form of CMC is a powder that ranges in color

from white to cream and is odorless, tasteless, and free flowing [26].
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Additionally, CMC is utilized as a component in oil drilling fluids,
where it serves the dual purpose of regulating the viscosity and preventing
the evaporation of water. lon-exchange chromatography is used to purify
proteins, and a cation exchange resin made of insoluble microgranulated
carboxymethyl cellulose is one of the components utilized in this process.
CMC can also be used in cooling inserts, which makes it possible to create
a eutectic mixture, lowers the temperature at which melting occurs, and
provides superior cooling in contrast to traditional ice. CMC can be
dissolved in water to create aqueous solutions that can be used to

disseminate carbon nanotubes [27].

In the food business, carboxymethyl cellulose sees widespread
application. CMC has the ability to improve the taste as well as the
consistency of dairy drinks and spices. In addition, carboxymethyl cellulose
is utilized in the production of ice cream, bread, cake, biscuits, instant
noodles, and rapid paste foods for the purposes of product molding, the
enhancement of flavor, and the strengthening of tenacity. The items that
have an extremely high viscosity also have a strong capacity for thickening.
Drying is the next step in processing for the majority of the CMC, which
originally had a moisture content of forty percent [28].CMC structure is

shown in Figure (1.4)

i CH:OCH,COONa H OR =
0]
(Var o— /OH  H\H
T OH H/ H H \H on
0
H OH CH;OCH,COONa =

Figure (1.4): Structure of Carboxymethyl cellulose[28].
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1.6.3.Polyvinyl Pyrrolidone (PVP)

Polyvinyl Pyrrolidone was introduced by Germans in world war 1l as a
replacement for blood plasma [29]. A water-soluble polymer whose most
valuable property is its ability to shape loose addition compounds with a wide
range of substances. PVP is a biocompatible and hydrophilic material that has
take advantage of the pharma industries, in addition, it has some eminent

applications in wound healing[30].

From the commercial mental view, PVP has the major advantages of uses
due to its relative ease and low cost[31]. Povidone is one of PVP common
applications, as its used as a carrier of iodine [32]. The preparation of the
monomer from acetylene, formaldehyde and ammonia, PVP may be sold in this
form or spray dried to give a fine powder after polymerization in a watery
solution produces a solution containing 30% polymer. The molecular weights
produced are between 10,000 and 100,000 g/mol (k values 20-100) .

Because of its affinity for dyestuffs, polyvinyl pyrrolidone is used
extensively in the garment industry, in the process of dye-leveling, the
elimination of identity tints, and the formulation of sizes and finishes, as well as
for the purpose of providing assistance in these procedures. Because of its
unique ability to form loose addition compounds with both skin and hair, PVP

Is also utilized in the field of cosmetics[33].

L D=6
H
H

M

Figure (1.5): Chemical structure of Polyvinyl Pyrrolidone[33].
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Table 1.1: Physical and Chemical Properties of Polyvinyl Alcohol (PVA),
carboxymethyl cellulose (CMC) and polyvinylpyrrolidone (PVP) [34-36].

Parameter PVA CMC PVP
Chemical
formula (C2H40)n C8H1608 (C6H9NO)n
Molar mass 86.09 g/mol 250000 g/mol 2,500-2,500,000
g/mol
Molecular 12.000-18.000 1.7x10* 40000
weight
150 °C Increases
Melting point 230 °C 274 °C as molecular
weight increases
Glass 85°C 135°C -180°C
transition
Density 1.19-1.31 g/cm® 1.6 g/cm® 1.2 glem®
Soluble in . Soluble in water
" Soluble in .
solubility water, water and in ethanol.
ethanol : Insoluble in ether

1.6.4 Bismuth(l11) oxide (Bi,O3)

Bismuth oxide (Bi,O;) nanoparticles with particle size between (20-30)nm,
purities 99.8% , and yellow solid powder.It’s an important functional
material, and is widely used as excellent organic synthesis ,ceramic
coloring agents, flame retardant plastics, pharmaceutical astringents, glass
additives, high refractive index glass , glass manufacturing nuclear

engineering and nuclear reactor fuel [37].

Nanometer Bi,Os; with the properties of the general size and due to the
finer granularity, Bi,Os; nanoparticles can be used to inorganic
pigments,optical materials, electronic materials superconducting materials,

special functional ceramic material, acathode ray tube wall paint and so on

[38].
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Bi,0; nanoparticles when combined with a specific polymeric mixture
are a good candidate for use as patient radiation shielding in high-dose

medical procedures [39].

Also the Bi-based composite oxide is a good photocatalyst which uses
solar energy to eliminate pollutants.To protect the environment , maintain
ecological balance , to achieve sustainable development contributes a lot.
Bi-based composite oxide due to its unique physical properties can be used
as an ion conductor, sound and light materials, light conductors, gas

sensors, and photocatelysts [40].

Table 1.2: The most Important Properties of Bismuth(111) oxide [37].

Bismuth(l11) oxide

chemical formula Bi,O3
Appearance Yellow crystals or powder
Crystal structure Monoclinic
Molar mass 465.96 g/mol
The Density 8.9 g/cm’ (solid)
Melting point 817 °C

1.7 Litreture Review

M. A. Habeeb,In 2013 [41] studied the A.C electrical and thermal
properties for (PVA-PVP/AQ) nanocomposites. He found that the thermal
conductivity increase with the increasing of the concentration of nanosilver
and temperature, and the dielectric constant, dielectric loss and the A.C
electrical condu-ctivity increases with the increasey of the concentration of
nanosilver, the dielectric constant and dielectric loss decreases with the
increasey in frequency, where the A.C electrical conductivity of

nanocomposites is increasing with increasing of the frequency.

S. Asath Bahadur et al. in (2014)[42] studied polymer blend
electrolyte based on PVA/PVP with proton salt, which prepared by solution
12
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casting technique, The amorphous nature of the polymer electrolyte was
shown by XRD, FTIR indicated the development of a complex between the
polymer and the salt, whereas DSC revealed a drop in Tg when salt

concentration was increased.

K. Hemalatha et al. in (2015)[43] studied the micro-structure, A.C
conductivity and spectroscopic studies of copper sulphate doped PVA-PVP
polymer composites, which prepared by casting technique, The amount of
CuSOy in polymer composites increased the amorphousness of the matrix,
according to XRD measurements, UV-Vis spectra revealed the presence of
an optical energy gap in the films, while FTIR measurements revealed
stretching and bending in the absorption bands in the films. A.C
conductivity shown how the conductivity of these samples depending on

the amount of CuSo, present.

A. M. El Sayed et al. in (2015)[44] Studied the manipulation of the
physical characteristics of functional materials. Nanoparticles of copper
oxide (CuQO) with a monoclinic phase and an average crystallite size of 35
nm. For the preparation of (CMC),(PVA-CMC) and copper
oxide/polyvinylalcohol (CMC) nanocomposite films, by a solution casting.
Following the inclusion of PV A, the transparency of the CMC film rised by
87 percent; however, this transparency diminished after the integration of
CuO nanoparticles. Mixing CMC with PVA and doping it with CuO
nanoparticles allows for precise manipulation of the material's insulating
characteristics, as well as its refractive index and optical constants. After
being mixed with PVA, the optical transmittance (T percent) of CMC
improved from 87 to 89 percent, but it dropped to 77 percent after being
doped with 0.5 weight percent CuONPs. The inclusion of PVA caused a
drop in the refractive index of CMC, which decreased from 1.645 to
1.576. The index then rise to 1.852 when CuO were doped into the
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PVA/CMC mixture. PVA and CuO nanoparticles were also shown to have

an effect on the optical constants of CMC film.

Z. A. Al-Ramadhan et al. in (2016)[45] studied the optical and
morphological properties of (PVA-PVP-Ag) nanocomposites, which
prepared by casting method,UV-Vis spectroscopy at a wavelength of (200-
900)nm was used to evaluate the optical characteristics, By increasing
nanoparticle concentration and refractive index, the energy gap of indirect
transition (allowed and forbidden) decreased from (4.8-3.9 allowed) to
(4.7-3.8 forbidden) as the amount of Ag was increased, the AFM and OM
data revealed a homogeneous distribution, a very smooth surface, and

minimal roughness.

Sk. Shahenoor Bash et al. in (2017)[46] studied the synthesis and
spectrum characterisation of PVA-PVP/GO based mix polymer
electrolytes, which were made using the casting method. As a result of the
amorphous nature of the host polymer, SEM analysis revealed that GO
was completely diffused throughout the polymer blend. Furthermore, a
determination made using DSC showed that Tg decreased as GO wt

percent increased up to 0.3 wt percent.

A. M. Ismailet al.in (2018)[47] studied the optical properties of
Lithium ions-doped polyvinyl alcohol/polyvinyl pyrrolidone(PVA-PVP)
films.The results indicated that absorbance A and absorption index (o) are
increased,. The optical band gap Eopt g of the composites showed
significant decrease from 2.98 to 2.196 eV by adding Li,SO, . The
dependence of read dielectric constant €1, imaginary dielectric constant £,
and optical conductivity (oo, ) Opt on photon energy hv were also studied.
The indirect optical gap of the doped blend refers to the existence of charge
transfers complexes in the host polymer by the addition of small amounts

of Li ions.
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S. Choudhary et al. in (2018)[48] examined the Polymer
nanocomposite (PNC) films based on the blend matrix of poly(vinyl
alcohol)(PVA)—poly(vinyl pyrrolidone) (PVP) (50/50wt%) included zinc
oxide (ZnO)nanoparticles (i.e., (PVA-PVP)—x wt percent ZnO; x =0, 1, 3,
and 5). These films were made using the solution- The concentration of,
direct and indirect optical energy band gap, refractive index, electrical
conductivity, and activation energy are all impacted by ZnQO's presence. It
was found that the dispersion of just one weight percent of ZnO
nanoparticles in the matrix of the PVA-PVP blend had a significant impact
on a number of the characteristics of the PNC film. When the concentration
of ZnO is increased up to 5 weight percent, both the dielectric permittivity
and the electrical conductivity rise. The observed values of their structural,
morphological, thermal, optical, dielectric, and electrical parameters have
confirmed that the optical band gap of the PVA-PVP blend is slightly
higher than 5 eV and decreases non-linearly while the refractive index
increases with the increase of ZnO contents in the PNC films. These results
have been confirmed by the observed values of their structural,

morphological, thermal, optical, dielectric, and electrical parameters.

K. Rajesh et al. in (2019) [49] studied the structural, optical, mechanical,
and dielectric properties of titanium dioxide doped PVA/PVP
nanocomposite by solvent casting approach. TiO, nanoparticles bring about
a narrowing of the optical energy gap when they are introduced. According
to the dielectric plot, the dielectric constant rises up to the point where
there is a doping concentration of 12wt %TiO,. After that point, an increase

In the doping concentration results in a decrease in the dielectric constant.

F.M.Ali et al. (2019)[50] explored the Structural and optical
characterization of PVA-PVP-Cu*" composite films containing high
quality semiconducting polymers of copper ions doped poly(vinyl alcohol)
(PVA): poly(vinyl pyrrolidone (PVP). poly(vinyl pyrrolidone) with a
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weight ratio of 50:50 PVA-PVP with x wt% copper+ . The standard
method of solution casting was used, and it was successful in producing

composite films with x values of 0, 3, 5, 15, and 20 wt% .

The incorporation of Cu2+ ions into the (PVA-PVP) blend chains has a
significant impact on the optical energy gaps as well as the high frequency
refractive indices. The optical gap was reduced from 4.68 eV for pure
(PVA-PVP) polymer blend to 2.95 eV for PVA-PVP -20 wt % Cu*" and
the high frequency refractive index was raised from 2.42 to 2.78.
According to the data that was gathered, the copper ions doped (PVA:PVP)
polymer blend composite films have the potential to be a useful, innovative
and easy to work with material for the construction of UV filters,
semiconducting polymer devices, planar polymer waveguides and polymer

solar cells.

H. S. Rasheed et al. in (2020)[51] utilizing the casting method,
investigated the effect of adding ZrC nanoparticles to a (PVP-PVA) blend
and how it affected the optical characteristics of the mixture for a humidity
sensor application. The optical properties showed a decrease in absorbance
with increasing concentration of ZrC nanoparticles, The energy gap gets
larger as the amount of ZrC nanoparticles in the sample's weight increases.
The coefficient of extinction (k), as well as both the real and imaginary
constants, were found to be increased with increasing in the

concentration of ZrC nanoparticles.

A. A. Abid et al. in (2020) [52] studied the Structural and Electrical
Properties of  (PVA-PVP-Carbon black (C.B)) Nanocomposites . The
nanocomposites (PVA-PVP-C.B) were prepared by casting process. The
optical microscope, infrared spectroscopy, and electrical properties have
also been investigated .With increasing the value of frequency, the

dielectric constant with the dielectric loss of the samples was decreased.
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During the operation of an electric field, an increase in A.C electrical
conductivity was observed as the frequency value increased. With
increasing carbon black concentrations, the electrical conductivity (A.C),

dielectric loss, and constant of all the samples increased.

A. Hashiml. in (2020)[53] studied the Structural, Optical, and
electronic properties of In,O5 and Cr,O; nanoparticles doped polymer blend
for flexible electronics and potential applications. The results of structural,
optical, electronic and electrical characteristics indicated to the PVA-PVP-
In,0O; and PVA —PVP-Cr,O; nanocomposites can be used in sensors,
transistors, photovoltaic, solar cells, electronics gates and other fields with
excellent properties which include flexible, high corrosion resistance, low
weight. The results showed that the both nanocomposites have good optical
properties with energy band gap range (2.8-1.1) eV which make it suitable
for various optoelectronics industries. Also, the results indicated to the
PVA-PVP-In,O; and PVA-PVP-Cr,0; nanocomposites have excellent
electronic and electrical conductivity which can be used for different

photonics and electronics applications.

Mohammed Irfan et al. in (2021) [54] studied the Solid polymer
electrolyte films of (PVA)/ (PVP) doped with sodium fluoride (NaF) of
different weight ratios (2, 4, 6, 8, and 10 wt%) have been prepared by using
solution casting method, The result showed that the X-ray diffraction
(XRD) spectra show a characteristic PVA peak signifying its semi-
crystalline nature. As NaF salt is incorporated into the polymer blend, the
peak intensity decreases gradually, implying a decrease in the degree of
crystallinity of the samples. The FTIR study confirmed the complexation,
functional group occurred, and interaction between the different
components in the polymer blend electrolyte, which suggests the micro-

structural variations, takes place in polymer blended films by addition of
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NaF salt. The dielectric constant was found to decrease with increase in

frequency and increased with temperature increase.

V.Siva et al. in (2021) [55] studied the simple solution casting
approach was used to manufacture a hybrid kind of polymer
nanocomposites based on(PVA-PVP-SnO) nanocomposites. These
nanocomposites were fabricated using PVA and PVP. According to the
findings of the FTIR study, the presence of hydrogen bonding interaction

between SnO and the PVA-PVP mix matrix was indicated.

Doaa E. Al- Kateb et al. in (2021)[56] studied the Structural and
optical properties of (PVA-PVP-Sn2NO3) nanocomposites, which were
prepare by casting technique with varying concentrations of Sr,Nos.In this
study, the optical properties obtained by a UV-Vis spectrometer, an OM
spectrometer, and an FTIR spectrometer were revealed. The absorbance
increased with increasing concentrations of Sn,NO; nanoparticles, while
the energy-gap transitions (both allowed and forbidden) decreased with

increasing concentrations of nanoparticles.

H. A. H. Alzahrani, in(2022) [57] studied Morphological, Optical,
Thermal, Dielectric, and Electrical Characteristics of Copper dioxide
(CuO) nanoparticles and Multiwall carbon nanotubes (MWCNTS) filled
poly(vinyl alcohol) (PVA) and poly(vinyl pyrrolidone) (PVP) blend matrix
(50/50 wt%) based polymer nanocomposites (PNCs) (i.e., PVA/PVP:(15-
X)CUO(X)MWCNTs for x = 0,1,5,7.5, 10,14, and 15wt%) have been
prepared to employ the solution-cast method. The FTIR, SEM, and AFM
measurements of PNCs were used to investigate the development of the
miscible mix, polymer-polymer and polymer—nanoparticle interactions, and
the influence of CuO and MWCNTSs nanofillers on the morphology aspects
on the main chain of PVA/PVP blend. It found that optical energy gap

decrease with an increase in the nanoparticles The DC conductivity values
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augment with the upsurge in nanofiller level for maximum x = 14 wit%,
The rise in applied frequency reduces dielectric permittivity and impedance

values and enhances ac electrical conductivity.
1.9. The Aims of the Work
The aim of this work can be summarized in the following points:

1. Studying the structural, optical, and A.C electrical properties of (PVA-
PVP-BIi,0;) and (PVA-CMC/ Bi,O3) hanocomposites.

2. Studying the absorbance of gamma rays of (PVA-PVP/Bi,O;) and
(PVA-CMC-BIi,03) nanocomposites.
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2.1. Introduction

In this chapter, we will focus on the theoretical part of this study,
which include the physical concepts, relationships, devices and laws that

deal with the study.

2.2 The Structural Properties

The structural properties involve two aspects: the optical microscope
and the FTIR.

2.2.1 Optical Microscope

One of the first techniques used to study the topography of a surface is
noptical microscopy, also called light microscopy, is a type of microscope
that uses visible light and a system of lenses to magnify images of small

samples.

Optical microscopes are the oldest design of microscope and were
possibly designed in their present compound form in the 17th century. An
optical microscope usually has a single eyepiece which can often be fitted

with a camera for photography[58].

Traditional optical microscopes have a resolution restricted by the size
of submicron particles approaching the wavelength of visible light (400-

700 nm)include:
1- Transmission: beam of light passes through the sample.
2- Reflection: beam of light reflected off the sample surface.

An example is the polarizing or petrographic microscope for which
the samples are usually fine powder or thin slices (transparent). Another
example is the metallurgical or reflected light microscope which is used for

the surfaces of materials, especially opaque ones[59].

20



Chapter Two Theoretical Part

The image from an optical microscope can be captured by normal
light sensitive cameras to produce a micrograph. Typically, images were
captured by photographic film but modern developments in supplementary
metal oxide semiconductor and charge-coupled device (CCD) cameras
permit the capture of digital images. Simply, digital microscopes are now
available that use a CCD camera to examine a sample, showing the
resulting image directly on a computer screen without the need for

eyepieces[60].
2.2.2 Fourier Transforms Infrared (FT-IR) Spectroscopy

The Fourier Transform Infrared (FTIR) Spectroscopy is a non-
destructive chemical characterization method. This spectral region is
classified into three regions far-infrared, near-infrared and, mid-infrared
which are between (4~400 cm™), between (400~4,000cm™) and lastly,
between (4,000~14,000 cm’), respectively. FTIR spectroscopy is a
vibrational spectroscopic method that can be used for the optical study of
molecular shifts. The allowable existence of this technology relies on the
identification of vibration in the sample by the chemical functional group.
Wherever an interaction takes place between infrared light and matter, the
chemical bonds will stretch. Infrared radiation is absorbed by the chemical
functional group at a specific wavenumber frequency, independent of the

rest of the molecule composition [61].

The FTIR spectroscopy form is advantageous in several advanced
areas, such as microanalysis (whereby higher sensitivity is needed), in the
dark, solid state samples or analysis of aqueous solutions that involve the
focus on quantitative assessment, and in studies whereby study time is a
limiting factor, such as in quality control measurements or processing [62].
Various spectroscopic techniques are applied in studying the different

samples. However, FT-IR spectrometers are becoming increasingly
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common because they deliver, speed precision and sensitivity which were
previously difficult to obtain through dispersive spectrometer wavelengths.
This technicality enables micro samples to be analyzed rapidly to reach for
nano-gram levels. Given that FT-IR is a crucial tool for solving issues
within various fields of study, it still needs more research, as its concepts
vary from those dispersive spectroscopy techniques which use

interferometers within spectrometers [63].
2.3 The Optical Properties

The optical absorption spectra research offers a very efficient
instrument to the study of electronic transitions that have an optical
induction. They also present a perspective on the energy gap and band
structure of crystalline and amorphous materials. The theory behind such
an approach is that photons that have an energy level over the band gap
energy are captured by the absorption and transition of ultra-violet and

visible energy [64,65].

In recent years, the search for optical properties has increased due to
their use in integrated optics, such as optical data storage and optical
information [66,67]. Research on the optical and electrical properties of
polymers has also received a great deal of interest in the light of their
application in similar apparatus. Electrical conduction in polymers was
examined with a view to understanding the characteristic features of the
load transport prevailing in these materials, whereas optical properties are
developed to enhance reflective and anti-reflective interference and

polarization properties [68].
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2.3.1 Absorbance(A)

Absorbance is defined as the intensity of the absorbed light (15) by
the materials to the incident intensity of light (l,) as a ratio, and which are

given in the following equation [69]:

A =1—A ...... @.1)

o

2.3.2 Transmittance (T)

The intensity of transmitted rays from the film (I1) over the intensity
of incident rays on the film (lo) is called the transmittance (T), and can be

obtained as follows [70]:
T =/ (2.2)
2.3.3 Absorption Coefficient (a)

Absorption coefficient (o) can be described as the decrement rate of
incident radiation proportional to the unit length within the direction of
wave propagation through the medium [71]. It depends on the photon

energy (hv) Photon energy produced by Planck s relationship [72]:
E=hv=hc/\ n(2.3)

Where (c) represents the speed of light, and () represents the wavelength
of light.

The transmittance of the absorbing medium of thickness d is indicated by
[73]:

T =(1-Ry’e™ . (2.4)
Where (T ) is the transmittance, and (R) is the reflectance.

When the light of intensity (l,) occurs on the film of thickness (d), the

transmitted intensity (I+ ) can be given as follows [74]:
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ad = 2.303 log (I, / I ) e (2.5)

where the quantity of log I/lo represents the absorbance (A). The

absorption coefficient can be calculated as below[68]:
a=(2.303xA)/d . (2.6)
2.3.4. Fundamental absorption edge

Fundamental absorption edge could be described as the fast increase
in absorbency whenever the absorbed energy radiation nearly equals the
energy band gap. As a result, the fundamental absorption edge reflects
lesser energy difference from the peaks in the valance band (V.B) to the
bottom point in the conduction band (C.B). The absorption regions can be

divided into three regions, as seen in Figure (2.1) [75].
A) High absorption region

The value of (a) in part A is greater than or equals 10°cm™. The size

of the prohibited optical band gap (Egept) could be added from this region.

B) Exponential region

As for part B, the value of () should be in the range 1 cm’'< o
<10%cm’. It indicates the transition from the extended level at the top of the
valence band towards the localized level at the conductive band and vice
versa, from the local level at towards the extended level at the bottom from

conductive band[76].
C) Low absorption region

Part C involves a relatively smaller value of (a), being about o<lcm™
The transition occurs in this region as a result of the state of density within

space motion due to structural faults [76].
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E, E(ev)

Figure (2.1): The absorption regions [76].
2.3.5. The Electronic Transitions

There are two basic forms of electronic transition: direct and indirect

transition.
2.3.5.1. Direct Transitions

This kind of transitions occurs in semi-conductors, where the bottom
of the conduction is precisely above the top of the valance band, thus
implying that they share similar wave vector values i.e. (AK=0). In such a
case, the absorption would occur at (hv = Egopt). Therefore, the phonons do
not take part in direct transition since the phonon's wave vector (K) is much
greater than that of the photons. This transition type requires the laws of
conservation in momentum and energy. The direct photon transition to the
energy of the minimum gap reaches no satisfaction of the demand for
conserving the wave vector, as the photon wave vectors could be neglected
in the given energy range [77]. There are two kinds of direct transitions
[78].
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A) Direct Allowed Transition

It occurs from the top points of the valance band and the bottom

point of the conduction transition and, as see in figure (2.2-a).

B) Direct Forbidden Transitions

It takes place between the close top points of the valance band and
the bottom points of the conductive band, as presented in figure (2.2-b). Its

absorption coefficient is presented in [79]:

ohv=B (hv-Eg®" 2.7)
Where (Eg ®) is the energy gap between direct transition

(B) is the constant (according to the type of material)

(r) is the exponential constant (according to the type of transition).

The value of (r) is (1/2) and (3/2) for the allowed and forbidden direct

transition.
2.3.5.2. Indirect Transitions

As for the electronic optical indirect transition, the bottom of
conduction band and the top of valance band are in various regions of space
(k). This type of transformation happens with the aid of the phonon to
maintain the motion arising from variation in the electron wave vector.
Two types of indirect transition exist, namely whenever the transition is
between the top point of valance band and the lower point of the
conduction band, which is located in the various regions of the space (k)
called allowed indirect transition as shown in Figure(2.2c)and when these
transitions happen between near points in the top of valance band and near
points in the bottom of conductive band called forbidden indirect

transitions , as shown in Figure(2.2d). As seen in Figure (2.2), the
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absorption coefficient for transition with a phonon absorption can be

obtained through the following equation[80]:

ahv = B(hv —Eg°"* +E,)r ... (2.8)

Where (En) is the energy of phonon. Its value is (-) when the phonon is
absorbed, whereas it is (+) in case the phonon is emitted. The value of (r) is

(2) and (3) for the allowed and forbidden indirect transitions, respectively.

Conduction band

Energy (E)

Valence band
Wave Vector (K)

Figure (2.2): The Electronic Transitions Types of (a) Allowed direct, (b) Forbidden

Direct Transition, (c) Allowed Indirect and d) Forbidden Indirect Transitions [81].

2.3.6. The Refractive Index (n)

A material's coefficient of refraction represents the rate of speed of

light within vacuum to the speed of light within the samples [82]:
_c
n=so (2.9)

Where (c) and (v) are the speed of light in vacuum and in the samples,
respectively [74]. The reflectance (R) was calculated from the transmission

(T) and absorbance (A) values through the following equation[82]:

R+T+A=1 (2.10)

The refractive index (n) can be calculated using the following equation

[83]:
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_ k2 _(R+1)
(R-1)2 (R-1)

n = |4R

2.3.7 The Extinction Coefficient (K)

The extinction coefficient (K ) presents the amount of attenuation of
the electro-magnetic wave that passes through a material. Its value is
determined by the density of the free electrons within the material and its
structure [84]. It is the imaginary part of the complex refractive index (n)
[85]:

N=npn-iK (2.12)
Where (n) represents the real part of refractive index.
KsaMpn L (2.13)

Where (k) is the extinction coefficient, and (L) is the wavelength of
incident light [86].

2.3.8.The Dielectric Constant (g')

The real and imaginary portions for dielectric constant (g;) and (e,) are

obtained as follows [87].

a=M-kKy (2.14)
€, = (2nk) e (2.15)
2.3.9 The Optical Conductivity (o)

The optical conductivity (o) relies directly on the absorption

coefficient (o) and refractive index (n), using the following relation [88]:

anc

Gop: - ceeeans (2. 16)

4T
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2.4 Electrical Properties

The electrical features of substances are determined by both its
chemical composition and the atom structure in the solid. The presence of
defects indicates that the electron states within the energy gap affects the
electrical features of the substance. Such a may be minimized through
several procedures, including the annealing procedure [89]. Polymers are
not entirely free of conduction mechanisms, a limited amount of charge
carriers may have low-level conduction, and basically insulating polymers
may take a range of types. Conduction is very often caused by impurities
which involve low concentrations of charge carriers that take form of

electrons or ions [90].

The electrical properties heavily rely on both the deposition
conditions and the preparation technique [91].Based on the ability of
electrical conductivity, substances can be classified into insulators,
conductors, semiconductors, and superconductors [92], whose conductivity
ranges are 10"°-10® (Q .cm) ', 10°-10° (Q.cm)™', over 10°~10°* (Q .cm) ',
and 10°-10* (Q .cm) ', respectively. Figure (2.3) described the

conductivity of materials [93].
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Conductivity (Q.cm) ™
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Figure (2.3): The Classification of Material Conductivity [93].

2.4.1 The A.C Electrical Conductivity

A.C conductivity affects the frequency of the electrical field [94].
Dielectric spectroscopy is based on the calculation of current and voltage
phases and the amplitude A.C system. It is commonly used for the study of
dielectric properties of polymers e.g. (¢' and tand) [95]. The electrical
conductivity of isolation polymer materials can be improved through
adding certain conductive fillers [96]. The dielectric constant represents the
ratio of the capacitance of the condenser that contains an insulator material
between its conductive plates, to the capacity of the same size but with
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vacuum between its plates. Its value varies from material to material based

on the amount of polarization that occurs in the material [97].

When an alternating potential V = V, elwt [97] is applied through
a capacitor (C) loaded with an insulator, the current going through the

capacitor will precede the potential by /2 [98].

l=jocv, (2.17)

Where (o) is the applied angular frequency of the filed (0=2=f), (j) refers

to the number of imaginary and is equal to «/—_l (C) is the capacitance of
a capacitor, and (V) is the highest voltage. The angle between electric
current and voltage is less than w/2, as seen in Figure (2.4). The sum of the
conduction current (l,) is assumed to be electric current. This is phase with
voltage, whereas the capacitates current (ly) is with the phase variation

(n/2). The current can be obtained through the equation below[98]:
I=p+jly, L (2.18)

The capacitance of a condenser consisting of two parallel plates can be

defined through the following equation [99]:
C=%eee L (2.19)

where (A,) is the area, and (d) is the thickness.
By substituting equation (2.24) in (2.22), the following relation is obtained:
l=iweeVAMK L (2.20)

The dielectric constant is then viewed as a complex quantity (). The
difference of the real and imaginary components of the complex dielectric

constant is defined as follows [100]:

e=¢-ie" (2.21)
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where (") is the dielectric loss.

= iwe 2 (e-iehyY L (2.22)
By comparing equation (2.27) to (2.22), the following can be obtained:

n AT
I, = weo e -V (2.23)
= A 2.24
¢= wee Vo (2.24)

Figure (2.4) shows that the loss factor (tand) is calculated by the following
equation [98]:
tand =1,/ lqg=¢"e . (2.25)

The capacitor can be represented by an ideal capacitor connected in parallel

with a resistance Rp at low frequencies, so:

I=l+ilg=—+iwC,V L 2.26
pT =7 p
P

Hence, the impedance z is then given by

1 1 .
E:R—'FI(DCp we(2.27)

P

From equations (2.28), (2.29) and (2.31), one can write [97]:

Re=d/wAye¢" L (2.28)
e'=1/ wRpeCo (2.29)
Cp=ge'd.d . (2.30)
e=Cp/C, (2.31)

The dissipated power in the insulator is represented by the existence of
alternating potential as a function of the alternating conductivity, as

explained in the following equation:

One = WEE (2.32)
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O.c represents the measurement of the temperature produced by the
insulation material arising from the vibration of the charges or rotation of
the dipoles in their positions. This is the result of the alternation of the field
[101].

)

d‘

Figure (2.4) The circuit equivalent to non-ideal capacitor [98].
2.5 Gamma Ray Shielding Application

The contribution of nanocomposites has developing a novel generation of
nanocomposite materials that has different approaches in engineering,
military industrialization and medicine [102]. Industrial, science and
technological instruments and communication techniques have been used
on a comprehensive scale. However, electro-magnetic interference remains
a big concern as it decreases the life and performance of the instruments
[103]. A sufficient number of studies have been conducted on the effects
rays of gamma radiation produced by gamma sources, nuclear reactors and
even nuclear medicine on non-and living systems. High density materials
composed of high-atom-number elements, such as lead or tungsten are the
most effective shields for gamma-ray attenuation [104,105].
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Electromagnetic interference shielding indicates the absorption or
reflection of electromagnetic radiation by means of a substance serving as a

barrier from radiation penetration through a shield [106].

With the use of active gamma ray isotopes in industry, agriculture and
medicine, researching the attenuation index of different materials has
become significant both biologically and technologically [107]. The

following equation shows the properties of the radiation attenuation:
N=Nexp(-pt) (2.33)

Where (N,) represents the number of radiation particles counted at a given
time. The period shall be without any absorber. (n) is the attenuation
coefficient of gamma radiation. (N) is the amount of counted radiation

particles at the same time, with the thickness of the sampled [108].
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3.1. Introduction

In any experimental work, there are a specific mechanism for manner
of working, devices to examine the samples and an exact theorems to
explain the results . In this chapter we will illustrate in details the materials
used and the preparation process with devices that used in this work to find

out the structural, optical, and electrical properties.
3.2. The Utilized Materials

3.2.1. Matrix material

3.2.1.1.Polyvinyl Alcohol (PVA)

PV A which is used with an average molecular weight of (12000-18000g
/mol), its physical form: is pure, solid, white, odorless granules. CAS
Number:9002-89-5, its melting point of PVA is 230°C.

3.2.1.2. Polyvinyl Pyrrolidone (PVP)

(PVP) which is used with average molecular weight of (40.000), CAS
N0.:9003-39-8, by Chem Center 5580 la Jolla Blvd (La Jolla, CA92037)

3.2.1.3 Carboxymethyl Cellulose (CMC)

The material (CMC) used is a white powder, the molecular weight is
1.7x10* g/mol and could be obtained from local markets, and high purity
(99.97 %).

3.2.1.4. Additive Material

Bismuth oxide(Bi,O;) nanoparticles were used in the study having
purity : 99.8%, form: powder, yellow in colour, average particle size:20-30

nm, made in China by Hongwu international.
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3.3. The Preparation of (PVA-CMC/Bi,03) and (PVA-PVP/Bi,03)

Nanocomposites

The ( PVA-PVP/BIi,03) and (PVA-CMC/Bi,03) nanocomposites are
prepared by dissolving(1gm) from polymers in (50) ml of distilled water
separated in two groups uneven concentrations which are 90wt.% PVA in
temperature is (80°C) and (10wt.% PVP , 10wt.% CMC) in temperature is
(45°C) by using magnetic stirrer to mix the polymers for (2 hour) to obtain
more homogeneous solution. The Bi,O; nanoparticles is added each one to
polymers mixture with different weight ratios which are (0,1,3, and 5 wt.%)
as shown in tables (3-1), (3-2 ). The casting method is used to prepare the
samples of ( PVA-PVP/BIi,0; ) and ( PVA-CMC/ Bi,03) nanocomposites
in the template ( petri dish with diameter 10 cm ). The stages of the

experimental work and procedure are illustrated in Figure(3-1).

Table 3.1: Weight percentages for nanocomposites

PVA wt.% PVP “’Vtv-;’{g/‘(’)fc“"c Bi,OsWt.%
90 10 0
30 19 I
70 27 3
60 35 5
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PVA 90 wt.% in
80°C to 90min.

50 ml of distilled water

CMC 10wt. % 1n 45°C PVP 10wt.% in 45°C
For 40 min. For 40 min.

(PVA-PVP) blend in 40

(PVA-CMC) blend in
ml

40 ml

~ -

Bi1,05 nanoparticles
(0,1,3,5)wt. %

By Casting Method

(PVA-CMC-B1,0,),
(PVA-PVP-Bi,03)
Nanocomposite Films

\!
/ Measurement \
Structural N Electrical
g;?[p%r”?fli Optical Properties Proé) gé:?is CS'C'
’ UV-Vis
+ i

Application of (PVA-
PVP-Bi,05)and(PVA-

Figure (3.1):Scheme of Experimental work.
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3.4 Measurement of Structural Properties for (PVA-PVP/Bi,03) and
(PVA-CMC/Bi,03) Nanocomposites

3.4.1 Optical Microscope (OM)

Olympus (Top View) type Nikon-73346 optical microscope with
automatic camera controlled by light intensity investigated the (PVA-
PVP/Bi,05) and (PVA-CMC/BIi,03) nanocomposites specimens. The work
on this device was carried out in University of Babylon College of

Education , this measurement under magnfication (40x), as shown in

Figure (32)
- Image plane
;HObjecltlve —m A Direct light
o ~ (phase shifted)
Lenses
Direct light
2. Specimen Scattered

light

3. Condenser lens

4. Annularring = s——

5. Light source

Figure (3.2): The optical Microscope.

3.4.2 FTIR Spectral Characterization

FTIR was used to capture FTIR spectra (Bruker company, German
origin, type vertex -70),operated with wavenumber (4000-1000) cm™. In
the University of Babylon College of Education for Pure Sciences-

Department of Physics, FTIR was adopted, as shown in figure (3.3).
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(— Interferogram:
Moving |H| 4/* the signal the

Miror == computer receives.
I Detector
'y

[ﬁ yole C ) Computer
, Beam Sample Cell
Fixed splitter
Mirror
N

ko

Infrared

source FTIR

Figure (3.3): FTIR Spectroscopy.

3.5 Optical Properties Measurements

Measurements were made with a Shimadzu UV-18000A double beam
spectrophotometer (190-1100nm) on films made of (PVA-PVP/BIi,Os) and
(PVA-CMC/BI,0;) nanocomposites. The University of Babylon College of
Education for Pure Sciences implemented this measurement as indicated in
Figure (3.4).

Monochromator Rotating Disc Mirron

Light | \ |
Souree [ ™ I =
Shit

Sample Slot

Detector —»  Compuler

Murror Reference Slot Mitror

Figure (3.4): UV-Visible Spectrophotometer (Shimadzu-1800).

3.6. Measurement of A.C. Electrical Conductivity

A. C. Electrical Conductivity was calculated by (L.C.R) kind HIOKI
3532-50 LCR Hi TESTER (Japan) at labocatories of the University of
Babylon /College of Education for Pure Sciences . Figure (3.5) displays a
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picture the system of A .C electrical measurement dispersion factor and
capacitance were reported for all samples at a frequency between (100-
5x10° ) Hz at room temperature. Dielectric constant, dielectric loss ,and

conductivity have been calculated from this data.

Electrde

e

Agilent

impedance
analyzer

Sample

Figure (3.5): LCR Hi TESTER Devices.

3.7. Attenuation Gamma Ray

Gamma ray shielding measurements of (PVA-PVP/Bi,0;) and (PVA-
PVP/Bi,0;) nanocomposites have been performed to examine attenuation
properties of gamma rays for the specimens with various concentrations of
(Bi,O3) nanoparticles. Test specimens with varying concentrations were
order in front of the parallel beam emanating from the gamma ray exporter
(Cs-137). The gamma ray exporter is situated at a distance of (2) cm from
the detector. The nanocomposite (PVA-PVP/ Bi,0;) and (PVA-CMC

/Bi,05) sample is placed at a distance of 1 cm from the gamma ray
exporter. The emitted gamma ray influxes through the specimens are
determined by the Geiger counter which used for estimate the linear

attenuation coefficients.
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Chapter Four Results and Discussions

4.1 Introduction

The structural, optical, and A.C electrical measurements for (PVA-
PVP/BIi,0;) and (PVA-CMC/BIi,0;) nanocomposites were discussed in this
chapter, as well as the effects of Gamma-Ray Shielding will also be
examined for (PVA-PVP/BIi,0;) and (PVA-CMC/BIi,0;) nanocomposites.

4 .2 Structural Properties of (PVA-PVP/Bi,03) and (PVA-CMC/Bi,03)

nanocomposites.
4..2.1 The Optical Microscope (OM)

Figures (4.1) and (4.2) show the pictures at (PVA-PVP/BIi,0;) and
(PVA-CMC/BIi,0;) nanocomposites with different concentrations of Bi,O;

nanoparticles at magnification power (40x).

The optical microscope gives the change of surface morphology of

nanocomposites.

Compared with pure sample images, there are many differences
among this sample and both nanocomposites with adding different
concentrations of Bi,O3 ,both figures show the addition of Bi,Osdistributed
through the polymeric blend with homogenous and ordered shape as well

as the apparent of Bi,O; network inside the polymer blend .

This constitutes paths inside the nanocomposites of charge carriers .
This system can allow charge carriers to pass through the paths . In our

opinion, these results agree with [109].
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Figure (4.1): Photomicrographs (40x) for (PVA-PVP-Bi,0;) nanosheets A),
(PVA-PVP) blend, B) 1wt% , C) 3wt% , D) 5 wt% (Bi,O3)

Figure (4.2): Photomicrographs (40x) for (PVA-CMC -Bi,O3) hanocomposites A.
(PVA-CMC) blend B. 1 wt%, C. 3wt%, D. 5 wt%, Bi,O; nanocomposites.
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4.2.2 Fourier Transform Infrared Radiation (FTIR) of ( PVA-PVP/
Bi,03) and (PVA-CMC/Bi,03) Nanocomposites.

The FTIR spectra of (PVA-PVP/BIi,O;) and (PVA-CMC/BIi,05)
nanocomposites with different concentrations of (Bi,O;) nanoparticles were
recorded at room temperature in the region shown in Figures (4.3) and
(4.4). (1000-4000) cm™ . Pure blend (PVA-PVP), with wave number (cm™)
in parentheses (3401-3480) O-H stretching, as well as (1607-1694) C=C
will stretch you (2910-2996) CH2 stretching in an asymmetrical direction
(1708-1760) Stretching out C=0 (1607- 1694) Stretching the C=C chain,
stretching the C-N chain (1469-1484) CH2 bending or bending O-H (1038-
1078) Stretching of C=0, bending of C-H and OH (907-943) CO is an
abbreviation for symmetric stretching [110,111]. The spectra characteristic
bands of stretching and bending vibrations of the functional groups formed

in nanocomposites were displayed in tables (4.1) and (4.2).

Fourier Transform Infrared Radiation FTIR spectrum appearances a
shifting in peak location along with the change in form with intensity
compared with pure (PVA -PVP) and (PVA-CMC) films and it can be
noted that there is a reduction in the transmittance at a concentration
increasing of Bi,O; nanoparticles. So far, the density increment of the

pictures revenue that there is increasing of atoms and ions in the light path.
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Figure (4.3): FTIR spectra for (PVA-PVP/Bi203) nanocomposite: (A) (PVA-PVP)
blend, (B) 1wt% Bi,03,(C) 3wt%Bi203, (D) 5wt%Bi,0s.
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Figure (4.4): FTIR spectra for (PVA-CMC/Bi,O3;) nanocomposite: (A) (PVA-
CMC) blend, (B) 1wt% Bi,03,(C) 3wt%Bi,03, (D) 5wt%Bi,Os.

46




Chapter Four

Results and Discussions

Table 4.1: FTIR-characteristic for (PVA-PVP/Bi,0;) Nanocomposites.

Active band

0Wt%B|203

1wt%Bi,0;

3wt%Bi,0;

5wt%Bi,0;

(C-H)
StretchingVibration
(3000-3300) cm™" (=C-
H,SP-1S),(3300 cm™)

3275

3245

3240

(CH2) Asymmetric
Stretching (2910-2996)
cm’

2913

(C-0) Stretching
Aldehyde (1720-1740)
cm’

1733

(C=C) Stretching
Aromatic (1607-1694)
cm’

1655

(CH2)wagging,
Twisting(out of plane)
Bending vibrations
1250 cm’

1241

1240

1241

1239

(C-0) Single band
(1100 cm™)

1188

1088

1088

1089

Table 4.2: FTIR-characteristic for (PVA-CMC/Bi,0s) Nanocomposites.

Active band

0Wt%B|203

1Wt%B|203

3wt%Bi,0;

5wt%Bi,0;

(C-H)
StretchingVibration
(3000-3300) cm’™
(=C-H,SP-15),
(3300 cm™)

3276

3260

3221

3219

(CH2) Asymmetric
Stretching (2922-
2942) cm’

2938

(C=0) Carbonyl
Groups (1850-
1650) cm’

1733

1733

(CH2) Bending
(1250 cm™)

1242

1292

1243

1243

(C-0O) Single Band
(1100 cm™)

1087

1022

1021

1020
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4-1 The Optical Properties of (PVA-PVP/Bi,0O;) and (PVA-
CMC/BIi,03;) Nanocomposite

4.1.1 The Absorbance (A) of (PVA-PVP/Bi,03) and (PVA-CMC/Bi,03)

Nanocomposites.

The absorption (PVA-PVP/BI,O3) and (PVA-CMC/BIi,03) nanocompsite
with various content (Bi,Os) nanoparticles were recorded at wavelengths
range (200-800) nm at room temperature. The absorbance for (PVA-
PVP/Bi,05) and (PVA-CMC/BIi,05) nanosheets through wavelength at the
occurrence light are shown in fig. (4.5) and (4.6) respectively. From this
figures, the absorbance rise with rising content of Bi,Os, while it is reduce
with rising wavelength, because of donor level electrons being excited to
the conduction-band at high energy. Because photons have enough energy
to make atoms to respond, it is possible for an electron to be stimulated
from a lower to a higher energy level just by absorbing a photon that has
already been established[112]. These results agree with other studies[113-
115].

—— 1wt%

—tr— 3Wt%

Swt%

Absorbance

220 320 420 520 620 720 820

Wavelength(nm)

Figure( 4.5): The absorbance as a function of wavelength of (PVA-PVP/Bi,03)

nanocomposite with different content.
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4.5
4 3 —— Pure

Absorbance

200 300 400 500 600 700 800
Wavelength(nm)

Figure( 4.6): The absorbance as a function of wavelength of (PVA-CMC/Bi,03)
nanocomposite with different content.
4.1.2 The Transmittance (T) of (PVA-PVP/Bi,O;) and (PVA-
CMC/Bi,0;) Nanocomposites.

Figures (4.7) and (4.8) demonstrate the transmittance of (PVA -
PVP/BIi,0;) and (PVA-CMC/BIi,03) nanocomposite with wavelength. The
transmittance reduces as the concentration of Bi,O; nanoparticles rise, also
increased with increasing of wavelength , which is due to the

agglomeration of nanoparticles with increasing content [116].
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12 4

—&— Pure

—— 1wt%

—t— 3Wt%

5wt%

Transmittance

200 300 400 500 600 700 800

Wavelength(nm)

Figure (4.7): Variation transmittance of (PVA-PVP/Bi,O3) nanocomposite with the

wavelengths.

12 -
J ~——— Pure
1 ] i 1wt%
—tr— 3Wt%
Swit%

Transmittance

200 300 400 500 600 700 800

Wavelength(nm)

Figure( 4.8): Variation transmittance of (PVA-CMC/Bi,O3) nanocomposite with

wavelengths.
4.1.3 Absorption Coefficient (a)

Figures (4.9) and (4.10) illustrate, respectively, the relationship
between the photon energy of the incoming light and the absorption
coefficient of the (PVA-PVP/Bi,0;) and (PVA-CMC/BIi,05)
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nanocomposite. The absorption coefficient was calculated by equation (2-
6).

The absorption coefficient might help to figure out what kind of
electron transition  dealing with [111,112]. It is assumed that direct
electron transitions occur when the material's absorption coefficient is large
(>10%) cm™. When the material's absorption coefficient is low (10* cm™), an
indirect transition of electrons is assumed. The values of a of (PVA-
PVP/BIi,0;) and (PVA-CMC/Bi,03) nanocomposite, the transition of the
electron takes place in a round about way. Because of an increase in the
total number of charge carriers, the absorbance and absorption coefficient
of (PVA-PVP/Bi203) and (PVA-CMC/Bi203) nanocomposites both
increased with increasing of Bi,O3 nanoparticles. The rise in the value of

nanocomposites can be attributed to this phenomenon. [119].

240 4 —e— Pure
] —— 1%
—— 3wit%

200 é 5wt%

160 -

120 -

a(cm)?

80

Figure( 4.9): The variation absorption coefficient of (PVA-PVP/BIi,0;)

nanocomposite with the photon energies.
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Figure( 4.10): The variation absorption coefficient of (PVA-CMC/Bi,03)
nanocomposite with the photon energies.

4.1.4 Energy gaps of the (allowed and forbidden) indirect transition Egq

The energy band gap of nanocomposites were calculated by equation
(2-7). The Eq4 for allowed indirect transitions of (PVA-PVP/Bi,O;) and
(PVA-CMC/BIi,03) nanocomposites are explain in figs.(4.11) and (4.12)
and the forbidden indirect transitions of (PVA-PVP/BIi,O3) and (PVA-
CMC/Bi,0;)  nanocomposites are explain in figs.(4.13) and (4.14)

respectively.

finding the energy gap for the indirect transition by plotting the data
or tang cut from the top of the curve to the (x axis) at (hv) [120]. From this
figures, the E4 for allowed and forbidden indirect transitions are reduce
with the rises of the Bi,0; nanoparticles content, this action is due to the
formation of levels in the Ey and therefore, these local levels reduce the
energy gap with rise of the Bi,O; nanoparticles content [121]. The value of

the E4 of nanocomposites are listed in Table (4-3) and (4-4).
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40 -

35

30
25

20

(ahu)¥2(cm-t.eV)¥2

15

10 1

Epn(eV)

Figure (4.11): The E, for the allowed indirect transition (ahv)"? (cm™.eV) '* of
(PVA-PVP/Bi,0O3) nanocomposite.
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35 4 —— 3%
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Figure (4.12): The E4 for the allowed indirect transition (ahv)"? (cm™.eV)"? of
(PVA-CMC/Bi,O3)nanocomposite.
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12 4
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Figure(4.13): The E4 for the forbidden indirect transition (ahv) "*(cm™.eV) ' of

(PVA-PVP/Bi,03) nanocomposite.
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Figure(4.14): The E4 for the forbidden indirect transition (ahv)" (cm™.eV)"? of

(PVA-CMC/Bi,0O3)nanocomposite.
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Table 4.3: The values of optical energy gap for allowed Indirect transitions of
(PVA-PVP/BIi,0;) and (PVA-CMC/Bi,O3)nanocomposite.

Bi,O3; wt% E, allowed indirect for | E4allowed indirect for
Nanoparticle’s the the
content (PVA/PVP/Bi,03)(eV) | (PVA/ICMC/Bi,05)(eV)
0 5 4.9
1 4.9 3.6
3 4.8 34
5 3.8 3.2

Table 4.4:): The values of optical energy gap for forbidden Indirect transitions of
(PVA-PVP/BIi,0;) and (PVA-CMC/Bi,Os)nanocomposite.

Bi,O3 wt% E, forbidden indirect | E, forbidden indirect
Nanoparticle’s for the (PVA- for the (PVA-
concentration PVP/Bi,03)(eV) CMC/Bi,05)(eV)

0 4.9 4.6
1 4.7 3.2
3 4.5 2.8
5 3 2.6

4.1.5 The Extinction Coefficient (K) of (PVA-PVP/BI,O;) and (PVA
CMC/ Bi,03) nanocomposite

The extinction coefficient were calculated by using the equation (2-13 ).
Figures (4.15) and (4.16) explain the extinction coefficient of (PVA-
PVP/Bi,05) and (PVA-CMC/BIi,03) nanocomposites versus of wavelength
respectively. It is observe that the extinction coefficient of nanocomposites
rise with the rises of the Bi,O; nanoparticles content and reduce with rising

wavelength, this is due to the rise in optical absorption and photons
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distribution in the (PVA-PVP) and (PVA-CMC) polymer matrix
respectively[122].
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Figure( 4.15): Variation of K for (PVA-PVP-Bi,03;) nanocomposite with

wavelength.
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Figure (4.16): Variation of K for (PVA-CMC/Bi,03) nanocomposite with

wavelength.
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4.1.6 Refractive Index (n)

The refractive index is calculated by using equation (2-11). The n of
(PVA-PVP/BI,0;) and (PVA-CMC/BIi,03;) nanocomposites versus with
wavelength are shown in figures (4.17) and (4.18) respectively. It is obtain
that the refractive index of increases with the increasing of the content of
Bi,O3 nanoparticles and it is decreased with the increase of the wavelength.

This action due to the increase of the density of nanocomposites.[123,124].
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Figure (4.17): Variation of n for of (PVA-PVP/Bi,O3) nanocomposites with

wavelength
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Fig. 4.18: Variation of n for (PVA-CMC/Bi,03) nanocomposite with wavelength
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4.1.7 The Real and Imaginary Parts of Dielectric Constant (g;, &) of
(PVA-PVP/Bi,03) and (PVA-CMC/Bi,03)Nanocomposites .

By using the equations (2-14 ) and (2-15 ), the real and imaginary parts
of dielectric constant were calculated. The real part of dielectric constant
with the wavelength for (PVA-PVP/Bi,0;) and (PVA-CMC/Bi,0;)
nanocomposites are explain in figures (4.19) and (4.20) and imaginary part
of dielectric constant with the wavelength for the (PVA-PVP/Bi,03) and
(PVA-CMC/BIi,03) nanocomposites are explain in figures (4.21) and
(4.22) respectively. From this figures, the real and imaginary parts of
dielectric constant of the nanocomposite are rise with the rises of Bi,0;
nanoparticles content and reduce with rising wavelength, the increase in
electrical polarization related to the contribution of nanoparticles content in
the sample caused this finding [125]. The real and imaginary parts of
dielectric constant of nanocomposite change with wavelength. This is due
to the real part of dielectric constant depends on refractive index because
the effect of extinction coefficient is small, whereas the imaginary part of

dielectric constant depends on extinction coefficient [126].
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Figure (4.19): Variation of g of (PVA —-PVP/Bi,03) nanocomposites with

wavelength.
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Figure (4.20): Variation g, of (PVA-CMC/Bi,03) hanocomposites with

wavelength.
0.01 —&— Pure
i 1wt%
—— 3Wi%
5wt%
0.001
N
w
0.0001
000001l —/—m—F+—"F"—7F+—+— 7 77—
200 300 400 500 600 700 800
Wavelength(nm)

Figure (4.21): Variation &, of (PVA-PVP/Bi,O3) nanocomposites with the

wavelength.
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Figure(4.22): Variation & of (PVA-CMC/Bi,0O3) nanocomposites with wavelength.

4.1.8 Optical Conductivity (o) of (PVA-PVP-Bi,03) and (PVA-CMC-

Bi,O;) Nanocomposites .

The optical conductivity was calculated from the equation (2- 16). The
optical conductivity of the of (PVA-PVP/Bi,O3) and (PVA-CMC/BIi,0;)
nanocomposites with a wavelength are shown in Figs.(4.23) and (4. 24)
respectively. It is note that the o4, increased with an increasing of content
of Bi,O; nanoparticle which associated with the creation of localized
concentrations in the energy gap, the increase in concentrations of
nanoparticle induced an increase in the density of localized phases in the
band structure; thus, an increase in the absorption coefficient suggests an
increase in optical conductivity of the nanocomposites while the optical
conductivity decreased with the increased in wavelength, this result due to
that the optical conductivity depend on the wavelength of the radiation
incident on the nanocomposite specimen. Because the high absorption at

low photon wavelength, the optical conductivity is increase at this area, the
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optical conductivity spectra indicated that the samples are transmittance
within the infrared regions, the visible and near. This result is agree with

researches [127].
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Figure (4.23): Variation o,p of (PVA-PVP/Bi,O3) nanocomposites with

wavelength.
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Figure (4.24): Variation of Optical conductivity for of (PVA-CMC/Bi,03)

nanocomposites with wavelength.
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4.4 The A.C Electrical Properties.

The A.C electrical properties of the (PVA-PVP-BIi,0;) and (PVA-CMC-
Bi,0; ) nanocomposites at different frequencies were investigated (100 -
5.10°) Hz.

4.4.1 The Dielectric Constant.

The dielectric constant of (PVA-PVP/BIi,0;) and (PVA-CMC/BIi,05)
nanocomposites at frequency 100 Hz and at temperature of 25° C , figures
(4.25) and(4.26) respectively. It is abundantly obvious that an increase in
the concentration of Bi,O3 nanoparticles causes a corresponding rise in the
dielectric constant. This can be due to the creation of a continuous network
of Bi,O; nanoparticles inside the nanocomposite itself. This was clearly
seen in the microscopic photographs that were obtained of the
nanocomposites made of (PVA-PVP/Bi,0;) and (PVA-CMC/BI,05)

samples with varying concentrations.

Due to the formation of clusters and separated groups when the Bi,0;
nanoparticles are present at a low concentration (1wt%), the dielectric
constant is reduced to an approximation of a lower value. On the other
hand, Bi,O; nanoparticles form a continuous network inside the
nanocomposite when present in high concentrations (5wt%). This causes
the value of the dielectric constant to grow in proportion to the volumetric
rate of the Bi,O; nanoparticles, results and agreed with other finding by
[128,129].
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Figure (4.25): Variation of dielectric constant ( €') with concentration of (Bi,O3;)
nanoparticles at 100Hz of (PVA-PVP/Bi,03) hanocomposites.
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Figure(4.26): Variation of dielectric constant ( £') with concentration
of(Bi,Os)nanoparticles at 100Hz of (PVA- CMC/Bi,03) nanocomposites.

The dielectric constant variation for (PVA-PVP-/Bi,0;) and (PVA-
CMC/BIi,03) nanoparticles with frequency for all specimen are shown in
Figures (4.27) and (4.28). Because of the different polarization states, it is

clear from the figures that the dielectric constant will drop with an increase

in the frequency that is being applied (ionic and electronic, dipolar, space
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charge), at low frequencies, the polarization of the space charge plays a
significant role in increasing the dielectric constant. Becomes less
contributing to the rise in frequency and it more contributing of
polarization, and this action induces the decrease in the dielectric constant
values for all samples with an increase in the frequency of electrical field,
the other types of polarizations occur at subsequent frequencies . This is
due to the fact that the mass of an ion is greater than that of an electron. As
a consequence of this difference in mass, electrons are able to respond to
field vibrations at even the highest frequencies, making electronic
polarization the only type of polarization that can occur at higher

frequencies[49].

however; dipoles will barely be able to orient themselves in the direction of
the applied field in the high frequency range, hence the value of the

dielectric constant is almost constant, this is agreed with S. Mustafa [130].
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Figure (4.27): Variation of the dielectric constant( €') of (PVA-PVP/Bi,0;)

nanocomposites with frequency(Hz).
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Figure(4.28): Variation of the dielectric constant( €") of (PVA-CMC/Bi,03)
nanocomposites with frequency (Hz).

4.4.2 The Dielectric Loss

The dielectric loss of nanocomposites is depicted as a function of
frequency in figures (4.29) and (4.30) respectively. This behavior is
attributed to a decline in the contribution of space charge polarization as
well as a high value of dielectric loss for (PVA-PVP/BIi,03) and (PVA-
CMC/Bi,03) nanocomposites at low frequency. The figures demonstrates
that the dielectric loss of (PVA-PVP/Bi,O3;) and (PVA-CMC/BIi,05)
nanocomposites decreases with an increase in the applied electric field.
When there is a higher concentration of Bi,O; nanoparticles, there is also
an increase in the dielectric loss. When the frequency increases, there is a
relatively modest change in the amount of dielectric loss. This is because
various types of polarization are able to take place at high frequencies, as
demonstrated by the mechanisms described in reference [49]. As
demonstrated in the figures(4.31) and (4.32) increase in the concentration

of bismuth oxide leads to increase in the number of ionic charge carriers,
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which in turn leads to increase in the value of dielectric loss. This
phenomenon can be observed when the concentrations of nanoparticles is

increased, this is agreed with the results of A. A. Abid et al.[52].

0.03
—— pure
1 i 1 Wt.%
0.025 4
- —tx— 3 Wt.%
5wt.%
)]
1]
S 0.02
kS) ]
©
[F]
T ]
0 0.015
001 T T T T T T T T T T T T T T T T T T T T T T T T T T T
1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08
F(Hz)

Figure(4.29): Variation of the dielectric loss (¢'*) of (PVA-PVP/Bi,03)

nanocomposites with frequency(Hz).

0.04
]

0.035 S
—— 1 Wt.%
0.03 —tr— 3Wt.%

5 wt.%

o
o
N
a

0.02

Dielectric Loss

o
o
=
o

0.01

0-005\ T T T T TTTT T T T T TTTT T T T T TTTT T T T T T T T Tt
1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07

F(Hz)

Figure(4.30): Variation of the dielectric loss (¢'*) of (PVA-CMC/Bi,O3)

nanocomposites with frequency (Hz).
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Figure( 4.31): Variation of dielectric loss (&'") with concentration of (Bi,O3) Nano-

particles for (PVA-PVP/Bi,03) nanocomposites.
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Figure( 4.32): Variation of dielectric loss (¢'*) with concentration of (Bi,O3) Nano-

particles for (PVA-CMC/Bi,03;) nanocomposites.
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4.4.3 The A.C Electrical Conductivity of (PVA-PVP/Bi,0;) and (PVA-
CMC/Bi,03;) Nanocomposites.

The variation of A.C electrical conductivity as a function of frequency
for (PVA-PVP/BI,05) and (PVA-CMC/Bi,05) nanocomposites at 100Hz, is
shown in figures (4.33) and (4.34) respectively. From figures the electrical
conductivity of nanocomposites increases with increased frequency in (low,
moderate and higher) frequency regions this is due to the hop-up of charge
carriers in the localized state and also to the excitation of charge carriers in
the conduction band in the upper regions. Two influences that affect A.C
conductivity are main chain motion and ion motion, in other words, the
increase in A.C electrical conductivity at low frequency area can be related
to interfacial polarization while the increase in conductivity is due to the
passage of electrons at frequencies, intermediate and the high [49]. Figures
(4.35) and (4.36) show that an increase in the concentration of (Bi,05)
nanoparticles in nanocomposites results in the conductivity increasing of
the nanocomposites. This occurs as a result of an increase in the number of
ionic charge carriers as well as the formation of a continuous network of
(Bi,0O3) nanoparticles within the composites, these results agree with others
[131]
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Figure (4.33): Variation of the A.C electrical conductivity (s/cm) with frequency
(Hz) for(PVA-PVP/Bi,03) nanocomposites.
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Figure( 4.34): Variation of the A.C electrical conductivity (s/cm) with frequency
(Hz) for (PVA-CMC /Bi,03) nanocomposites.
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Figure (4.35): Variation of the A.C electrical conductivity (s/cm) with different

concentration for (PVA- PVP/Bi,O3) nanocomposites.
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Figure (4.36): Variation of the A.C electrical conductivity (s/cm) with different
concentration for (PVA-CMC/Bi,O3) nanocomposites.

4.5 Application of (PVA-PVP/Bi,O;) and (PVA-CMC/Bi,03)

Nanocomposites for Gamma Ray Shielding.

Figures (4.37) and (4.38) show the variation of (N/N_) for (PVA-
PVP)and (PVP-CMC) blend with different concentrations of Bi,O;
nanoparticles. The transmission radiation decreases with the increasing of
the concentrations of Bi,Oz nanoparticles which is attributed to the increase

of the attenuation radiation[132].

The variety of gamma radiation attenuation coefficients for the (PVA-
PVP) and (PVA-CMC) blend as a function of Bi,O; nanoparticle levels is
shown in figures (4.39) and (4.40).

The coefficients of attenuation rise with increased levels of
nanoparticles; this is due to the absorption or reflection of gamma radiation
by nanocomposites shielding materials. From the figures, it showed very
close results by comparing the attained results by polymer nanocomposite
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with concrete, however, composite polymer because of its mobility and
lower electrical properties, it has an advantage over concrete and the ability

to avoid neutron emission [106].
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Figure (4.37): Variation of (N/N,) for (PVA-PVP/Bi,O3) nanocomposites.

0.96
0.95
0.94

Z 093

2
0.92
0.91

0.9

0 1 2 3 4
concentration of Bi,O; nanoparticles wt.%

6]
[e)]

Figure(4.38): Variation of (N/Ny) for (PVA-CMC/Bi,O3) nanocomposites.

71



Chapter Four Results and Discussions

= = = =
o N =Y [e)]

attenuation coefficients p (cm)?
(o]

o
[

2 3 4
concentration of Bi,O; nanoparticles wt.%

€]
[e)]

Figure(4.39): Variation of attenuation coefficients p of gamma radiation for (PVA-

PVP/Bi,03) nanocomposites.

attenuation coefficients p (cm)™?
= N
o o

o
o
[Eny

2 3 4
concentration of Bi,0; nanoparticles wt.%

vl
)]

Figure(4.40): Variation of attenuation coefficientsp of gamma radiation for (PVA-

CMC/Bi,03) nanocomposites.

72



Chapter Five

Conclusions and
Future Works




Chapter Five Conclusions and Future Works

5.1 Conclusions

The following points are concluded from the obtained results and

discussions:

1- The optical microscope images showed that Bi,O; nanoparticles made of

continuous network inside the blend at concentration (0,1,3 and 5 wt%).

2- The FTIR measurements indicate vibration bands for polymer blend
before and after addition Bismuth oxide nano composites, and it was
concluded that the polymer after addition may have formed chains
networks of polymer nanocomposites and their effects appeared in
electrical and optical properties and decreased the intensity of peaks FTIR
spectrum confirms that after additives the of (PVA-PVP) and (PVA-CMC)

chains increased in the structure of the films.

3- The absorbance increased with the increasing of concentration of
(bismuth oxide). This conclusion is useful in determining the industrial
applications Such as the manufacture of food and drug preservation boxes
and also increased absorbance and decrease transmittance with the increase
in the percentage of Bismuth oxide, especially in an area UV Therefore,
these compounds can be used in applications whose purpose is absorb
ultraviolet rays. The absorption coefficient (PVA-PVP/Bi,03) and (PVA-
CMC/Bi,053) nanocomposites is less than (10*) (cm)™ at all concentrations

and from these, the result is being indirect transition .

4- Comparison of the optical characteristics of (PVA-CMC/Bi,03 and
(PVA-PVP/BIi,0;) nanocomposites increasing the concentration of Bi,0;
nanoparticles causes an increase in the refractive index (n), extinction
coefficient (K), and the dielectric constant (real and imaginary part).The
energy gap for indirect transitions, which can be either allowed or
disallowed, narrows as the concentration of Bi,O; nanoparticles in a

material grows.
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5- The dielectric constant and the dielectric loss of the (PVA-PVP/BI,0;)
and (PVA-CMC/Bi,05) nanocomposites decrease with the rise in frequency
of the applied electric field. On the other hand, the alternating current
electrical conductivity increases with the increase in frequency. The
dielectric constant and the dielectric loss of (PVA-PVP/BI,0;) and (PVA-
CMC/Bi,03) nanocomposites for all concentrations increases with
increasing concentrations of Bi,O; nanoparticles. The conductivity

increases with increasing Bi,O3; nanoparticles.

6- The attenuation coefficients for gamma radiation increase with

increasingof the Bi,O3 nanoparticles concentrations.
5.2 Future works

1. A study of the thermal properties of the (PVA-PVP/BIi,0;) and (PVA-
CMC/Bi,03) nanocomposites.

2. A studying of the mechanical properties of the(PVA-PVP/Bi,O3) and
(PVA-CMC/Bi,0;) nanocomposites.
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