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Abstract

Preparing of (PVA-PEG-SrO) nanocomposites by using the casting
method with different concentrations (0.5, 1, 1.5 and 2) wt.% of the SrO
nanoparticles, with average particle size (20 nm).

The images of the optical microscope showed a continuous network
within the polymers of the SrO nanoparticles at the concentrations (0.5-2 wt.%)
in @ homogeneous and also orderly manner, and this system can allow the
passage of charge carriers.

The results of the microscopy of (PVA-PEG-SrO) nanocomposites show
the addition of (SrO) nanomaterial distributed through the polymeric blend with
homogenous and ordered shape. Also, the A.C electrical conductivity of (PVA-
PEG-SrO) nanocomposites and dielectric constant and the dielectric loss for all

concentrations increases with the increased frequency.
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Chapter One Introduction and Literature survey

Chapter One

1.1 Introduction

Polymer science was born in the great industrial laboratories of the world
of the need to make and understand new kinds of plastics, rubber, fibers and
coatings. The first polymers used were natural products, especially cotton,
starch, proteins, and wool. The first polymers of importance, Bakelite and
nylon, showed the tremendous possibilities of the new materials. However, the
scientists of that day realized that they did not understand many of the
relationships between the chemical structures and the physical properties that
resulted [1]. Generally, the use of most polymers was limited to the manufacture
of cheap products which were used for simple purposes. However, the speedy
technical development has required the replacement of some materials being
used in industry with others having better specifications; consequently, in recent
years, studies of electrical and optical properties of the polymer have attracted
much attention in view of their application in electronic and optical devices. The
optical absorption spectra of polymers provide essential information about the
band structure and the energy gap in crystalline, semi crystalline and
monocrystalline polymers [2,3]. Later, the development of polymer science has
started to increase by leaps and bounds. Nowadays, scientists seek to produce

polymers that can be used for different industrial applications. [4].

1.2 Polymer Structure

Polymers consist of large organic molecules (macromolecules) of
repeating small structural units (monomers) connected together in a process
called polymerization [5]. Each molecule is composed of thousands of atoms
connected by covalent chemical bonds. Molecules in a polymer attract each

other by forces that depend on the type of the polymer. As polymers consist of
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huge, combined molecules which are hard to control, limited crystal connections
can be seen in polymers associated with its low temperature. It is only in limited
regions that a linear chain of molecules can arrange themselves in an organized
form. In the solid state, polymers are comprised of crystalline and non-

crystalline regions [6].

1.3 Classification of Polymers

1.3.1 Polymers Sources

They are two main sources of polymers:
1. Natural Polymers

These compounds come from plant or animal such as timber, cotton,
natural rubber, wool, and silk. The natural food which is the natural polymers is
starch, protein and cellulose [7].
2. Synthetic Polymers

A polymer is prepared from simple chemical compounds and it represents
the most industrial important polymers, including plastics, synthetic leather,
nylon fabrics and some other dyes [7].
1.3.2 Thermal Polymers:

Polymers are classified according to the effect of temperature to:
1. Thermoplastic Polymers

Thermoplastics form the bulk of polymers in use. They consist of linear
or branched molecules and they soften or melt when heated, so that they can be
molded and remolded by heating. In the molten state, they consist of a tangled
mass of molecules. On cooling they may form a glass (a sort of ‘frozen liquid’)
below a temperature called the glass transition temperature (Tg), or they may
crystallize [8]. Examples of this type of polymers are poly vinyl alcohol,
polyethylene, polypropylene, poly vinyl chloride polystyrene, and others [8].
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2.Thermosets Polymers

Thermosets are network polymers that are heavily cross-linked to give a
dense three-dimensional network. They are normally rigid. They cannot melt on
heating and they decompose if the temperature is high enough. The name arises
because it is necessary to heat the first polymers of this type in order for the
cross-linking, or curing, to take place. The term is now used to describe this type
of material even when heat is not required for the cross-linking to take place.
Examples of thermosets are the epoxy resins, such as Araldites, and the phenol-

or urea-formaldehyde resins [8].

1.3.3. Chemical Polymers:

A polymer is formed when a very large number of structural units
(repeating units, monomers) are made to link up by covalent bonds under
appropriate conditions.The functionality of a molecule is simply its inter linking
capacity, or the number of sites it has available for bonding with other
molecules under specific polymerization conditions [9]. Polymers are classified
depending on the structural composition to:

1. Linear Polymers:

The structural units resulting from the reaction of monomers may in
principle be linked together in any conceivable pattern. Bifunctional structural
units can enter into two and only two linkages with other structural units. This
means that the sequence of linkages between bifunctional units is necessarily
linear [9], as shown in Figure (1.1a).

2. Branched Polymers:

The reaction between polyfunctional molecules results in structural units

that may be linked so as to form nonlinear structures. In some cases, the side

growth of each polymer chain may be terminated before the chain has a chance
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to link up with another chain. The resulting polymer molecules are said to be
branched[9], as shown in Figure (1.1b).
3. Cross Linked Polymers:

In other cases, growing polymer chains become chemically linked to each

other, resulting in a cross-linked [9], as shown in Figure (1.1c).

Figure (1.1): Constructivism Authority for Linear polymer, branching polymer
chains and cross linked —a— Linear polymer, —b— Branched polymer, —c— Cross

linked polymer [10].



Chapter One Introduction and Literature survey

1.4 Polymer Blend

A Polymer blend is a mixture of two or more polymers that have been
blended together to create a new material with different physical properties.
Generally, there are types of polymer blend: thermoplastic blends;
thermoplastic—rubber blends; thermoplastic—thermosetting blends and rubber—
thermosetting blends all of which have been extensively studied [11]. Moreover,
polymers are corrosion-resistant, possess a light weight with good toughness
(which is important for good fuel economy in automobiles and aerospace
applications), and are used for creating wide range of goods that include
household plastic products automotive interior and exterior components,
biomedical devices and aerospace applications [12]. The development and
commercialization of new polymer usually require many years. However, by
employing a polymer blending process, which is also very cheap to operate, it is
often possible to reduce the time to commercialization to perhaps two to three
years [13]. Controlling the phase behavior and morphology becomes a key
factor in determining the performance of polymer blends, which mainly relies
on the interface between polymer components. Traditionally, block and graft
copolymers are used to strengthen the interface and stabilize the morphology.
However, they are system specific, relatively expensive to engineer, and very

difficult to produce for systems with more than two components [14].
1.5 Synthesis of SrO Nanoparticles

Strontium Oxide (SrO) nanomaterial with average particle size typically
20-80 nanometers (nm) with specific surface area (SSA) in the 10 - 50 m?/g
range and also available with an average particle size of 100 nm range with a
specific surface area of approximately 7- 10 m?g. Strontium Oxide
nanomaterial are also available in ultra-high purity and high purity, transparent,

and coated and dispersed forms. they are synthesized by hydrolysis of single
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source molecular precursor SrCl,*6H,0O with potassium hydroxide The

Chemical Structure of SrO nanomaterial is shown in figure 1.2 [15].

Fig. 1.2 SrO nanomaterial chemical structure.

1.6 Literature Survey

Devi et al., (2002) [16], studied the electrical and optical properties of
pure and silver nitrate-doped polyvinyl alcohol films. The electrical
conductivity increased with the increasing dopant concentration of silver nitrate.
The variation of electrical conductivity with temperature showed activation
energies decrease from 0.8 to 0.3eV for undoped to doped films. Optical
absorption studies in the wavelength range 190— 600 nm showed additional
peaks in the wavelength region 391-417 nm for differently doped films, in
addition to the peak at 273 nm for undoped PVA. The optical energy gaps and

band edge values shifted to lower energies on doping up to a dopant
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concentration of 0.5 wt.% showed an increasing tendency for further increase in

dopant concentration.

Feng et al. (2003) [17] studied the dielectric properties of Ag/PVA
nanocomposites. The results showed that the D.C electrical conductivity
increases with the increase of the silver nanoparticles concentrations and

temperature.

Awasthi et al. (2009) [18], studied functionalization effects on the
electrical properties of multi-wall carbon nanotube-Polyacrylamide Composites.
The results show that the ball milling and functionalization of MWNTSs
improves the dispersion of MWNTSs into the polymer matrix. As the MWNTSs
loading increases from 0 to 40 wt% electrical conductivity of composite film
increases by 7 orders of magnitude whereas the electrical conductivity off
functionalized composite film increases only ~4 orders of magnitude with
respect to the pure PAAm film. A model based on power law percolation for the
electronic behavior of the above composite has been developed and shows good

agreement with the experimental data.

Sengwa et al. (2010) [19] studied dielectric characterization of solution
intercalation and melt intercalation poly (vinyl alcohol)-poly (vinyl pyrrolidone)
blend-montmorillonite clay nanocomposite films. The results show that D.C

conductivity increase with increasing the weight percentages of montmorillonite
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clay nanoparticles . The constant and loss dielectric increase with increasing the

weight percentages of nano montmorillonite clay nanoparticles.

Prakash et al. (2013) [21], studied the AC electrical conductivity of
CdCl, doped PVA polymer electrolyte. The results show that AC conductivity
in these polymer films increases first and then decreases. These observations are
in agreement with XRD results. The highest ionic conductivity of 1.68—08
Scm™ was observed in 4% of CdCl, in PVA polymer blend. Crystallite
ellipsoids for different concentrations of CdCl, are computed here using whole
pattern powderfitting (WPPF) indicating that crystallite area decreases with

increase in the ionic conductivity.

Manjunath et al. (2015) [22], examined the AC electrical conductivity
and dielectric properties of PVA/NH4NO; solid polymer electrolyte films. They
found that, XRD results show that amorphous nature increases as the amount of
the ammonium nitrate salt in PVA is increased. IR-spectra confirm the polymer
salt complexes in the range of 3700 - 712 cm . Conductance analysis reveals
that polymer electrolyte films containing 20 wt% of NH;NO; exhibit the highest
ionic conductivity of 1.01x10~" S/cm while pure PVA films give the lowest
ionic conductivity of 2.10x107** S/cm. It was evident from this study that the
increase of ionic conductivity depended on the ammonium nitrate salt
concentration. The dielectric constant exponentially decreases with increase of

frequency for pure PVA and NH;NO; doped PVA film composites. The
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temperature dependent studies of AC conductivity and dielectric constant also

included to understand the conducting property.

1.7 The Aim of the Study

The general aim is a study of the electrical and structural properties of

(PVA-PEG-SrO) nanocomposites, which prepared by using casting method.
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Chapter Two

2.1 Electrical Properties

The electrical properties of the material are determined not only by chemical
composition but also by the arrangement of atoms in the solid, and the existence
of defects when giving rise to the electron states in the energy gap which
influence the electrical properties of the material. This defect can be reduced by
many processes such as the annealing process [23]. The electrical properties
depend strongly on the preparation technique and deposition conditions [24].
Materials can be classified according to their conductivity to conductive, semi-
conductive, and insulator [25]. At room temperature the conductor has
conductivities between (10%-10%) Q*cm™, semiconductor between (10%-10%)Q*

cm™, and insulator between (10%-10®%) Q'cm™ [26]. As shown in figure (2.1).

2.2 The Alternating Current Electrical Conductivity

When an insulator is placed in a low frequency electrical field, where
induced or permanent electrical dipoles can go along with the variation of the
applied electrical field with no residue, the dielectric constant value becomes
equal to its value in a static field; that is, the insulator becomes ideal (ohmic
conductivity equals to zero). On the other hand, when the frequency of electric
field is greater, where the electric polarization depends on frequency, there will
be a complex dielectric constant [27].

The dielectric constant is the ratio between the capacitance of a capacitor
containing an insulator material between its conducting plates to the capacity of

the same size with a vacuum between the plates. When an alternating potential

V= Vmeth, Is applied across a capacitor (C) filled with an insulator, then [28-
30]:

10
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I=jwcv (2.1)
Conductivity (Q.cm)™
Superconductors 108 | GRAPHITE/ASF;
Cxopper,Silver 10° 1 (CH-(AsF5)"*)(SN)
Metals Bismuth 104 i
nsh 10° | TTF/TCNQ (CH)ASF,
10° GRAPHITE
Germanium B
10 | lonenc TCNQ complexes
T 4 Pyridinium TCNQ complexes
Selm Silicon 10 -
conducter 106 | Trans (CH);
Cadmium Sulphide ]
10° Pyropolymers
10_10 Cis (CH)3
101
Insulator Diamond 10_14 Nylon
Sulfur 106 Teflon
1 Polyimide
Quartz 10-19
| Polyester
A\ 4

Polystvrene

Figure (2.1) : The conductivity of material (including polymers) [26].

Where w is the angular frequency of the applied filed (w=2nf ) , j is
imaginary number j=+/—1 and V,, is the voltage maximum .
This emphasizes the fact that the electric current is the sum of the
conduction current Ip which is in the same phase with V and I, with a phase
difference of I1/2, that is, the current is represented by the equation:

[=1Ip+jlg (2.2)

11
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The capacitance of a capacitor constructed of two parallel plates is given by

the equation:

C=c¢g, é
d (2.3)
By substituting equation (2.3) in (2.1), getting :
[ =jwegyVA/d (2.4)

The permittivity (¢) must be a complex quantity, it is consist of real and
Imaginary parts, so that the electric current be a complex quantity, as cited in
equation (2.5). Thatis [31] :

e=¢ —j&" (2.5)

Where g" is the dielectric loss

So, we get:
. A .
| =jwe, = (&'—je")V
Weo (e~ Je") 256)
By comparing equation (2.6) with (2.2), then:
lp =we"e, éV
d (2.7)
Iy = we'e, éV
d (2:8)
The loss factor (tand) is:
I "
tang =P =52
| ¢
g (2.9)

And this represents the lost electrical energy which is transformed to
thermal energy in the insulator. The importance of determining the power factor
is very useful in electrical applications. Excessive power factor would cause
heat in the insulator at high frequencies, resulting in an electrical failure [32].

The capacitor (c) can be represented by an ideal capacitor connected in

parallel with a resistance R, at low frequencies. So:

12
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. V .
I:Ip+JIq=R—p+chpV

Hence, get the impedance (2):

%: i+ jwe,
p
From equations (2.7), (2.8), and (2.10), we can write :
__4d
P we"Asg,
8” — 1
wR C,
g'e A
PT7 ¢
C
r__ p
g = C.

(2.10)

(2.11)

(2.12)

(2.13)

(2.14)

(2.15)

The dissipated power in the insulator is represented by the existence of

alternating potential as a function of the alternating conductivity, using equation

(2.5):

_ "
Ga.c - WS 80

(2.16)

®a.c js a measurement for the generated temperature in the insulating material

resulting from the rotation of the dipoles in their positions, (or the vibration of

the charges) as a result of the alternating of the field.

13
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Chapter Three

3.1 Introduction
This chapter includes the preparation process, devices and measurement
techniques. A general description of materials (polyvinyl alcohol, Polyethylene

glycol, strontium oxide) used in this work.

3.2 The Utilized Materials

The utilized materials in this study are:
3.2.1 Matrix Material

Polymers: two types of polymers are used in this work:
3.2.1.1 Polyvinyl Alcohol (PVA)

PVA is one of the earliest and best known polymers [33], with the
formula (C,H,;0),, as shown in Figure (3.1). It was seen to use in a variety of
applications and is currently used extensively in semiconductors applications
[34]. As shown in Figure (3.1).

CH; H

H

C

| .
OH

Figure (3.1): The Chemical Structure of PVA [34].

PVA is a water-soluble synthetic polymer and is an odorless, translucent,

tasteless, white or cream colored granular powder, because with the existence of

14
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many hydroxyls, PVA is easily soluble in water and soluble in hydroxyl-
contained organic compounds. The prominent properties of PVA are its
biodegradability in the milieu and biocompatibility. PVA has high tensile
strength and flexibility, high oxygen and aroma barrier properties. It also has
admirable film forming, blending and adhesive properties [35]. The
transmission of visible light is very high. Polymeric composites of PVA are
known for their importance in technical applications [36]. PVA has unique
properties, good chemical stability, eco-friendly, optical and electrical
properties. The significant feature of polyvinyl alcohol its semi crystalline
nature which is the presence of both amorphous and crystalline regions causing

interfacial effects which increases the physical properties [37].

Table (3.1): Physical and chemical properties of polyvinyl alcohol (PVA) [38].

Property Description
Appearance White to ivory white granular powder
Molecular formula (C,H,0),
Density g/cm3 1.3
Solution PH 5-6.5
Refractive index 1.55
Glass transition temperature (T,) 85°C
Melting temperature (T, 230°C

15
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3.2.1.2 Polyethylene Glycol (PEG)

The chemical formula is [H (OCH,CH,), OH]. Chemical name is [a
hydro-o-hydroxypoly (oxy-1, 2-ethanediyl)]. Solubility in all grades of
polyethylene glycol is soluble in water and miscible in all proportions with
other polyethylene glycols (after melting, if necessary). Aqueous solutions of
higher molecular-weight grades may form gels. Liquid polyethylene glycols are
soluble in acetone, alcohols, benzene, glycerin, and glycols. Solid polyethylene
glycols are soluble in acetone, dichloromethane, ethanol (95%), and methanol;
they are slightly soluble in aliphatic hydrocarbons and ether, but insoluble in
fats, fixed oils, and mineral oil. PEG is used to make emulsifying agents and
detergents, and as plasticizers, humectants, and water-soluble textile lubricants.
The wide range of chain lengths provides identical physical and chemical

properties [39]. Figure (3.2) shows the chemical structure of Polyethylene

glycol.

lo. 1 _H
HT "To

N

Figure (3.2): The chemical structure of polyethylene glycol [40].

It is widely used in a variety of pharmaceutical formulations including
parenteral, topical, ophthalmic, oral and rectal preparations. Polyethylene glycol
has been used experimentally in biodegradable polymeric matrices used in
controlled-release systems. PEG or polyethylene glycols are used in great

variety of applications because of their chemical structure, their low toxicity,

16
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their solubility in water and their lubricating properties. They provide flexibility
in choosing properties to meet the requirements of many different applications.
In the rubber industry, they serve as heat transfer agents, mold release agents,
rubber compounders, lubricants, and pigment carriers [41]. Table (3.2) shows

the physical properties of PEG.

Table (3.2): Physical Properties of (PEG) [41].

Physical properties Units Result
Molecular weight g/mol 4000
SolutionPH | —eeeee- 4.5-7.5
Viscosity at 99 °C mm©/s 110-158
Viscosity at 25 °C mm?/s solid at specified temp.
Melting point °C 50-58
Density glem’ 1.09
Refractive Index at 25 °C 1.456
Solubility in Water % by |  ---—--- 50
weight
Surface Tension at 25 °C N/m solid at specified temp.
Glass transition °C 53-55
temperature T,

Liquid specific heat at kJ/kg/K 2.25

30-60 °C

Coefficient of thermal °c* solid at specified temp.
expansion at 20 °C

Thermal conductivity at W/m.K solid at specified temp.
26 °C

3.2.2 Additive Material Strontium oxide (SrO)

Strontium oxide is an inorganic compound with the formula SrO that
exists in both anhydrous and octahydrate forms, both of which are white solids.
The anhydrous form adopts a structure similar to that of calcium carbide.
Strontium oxide is an alkaline oxide, interacts with water with a hydrolysis
reaction and diffuse heat to give strontium hydroxide:

SrO + H,0O — Sr(OH),

17
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It can be reduced by cutting from aluminum metal to metal strontium in an
oxygen-free medium [41,42]. Table (3.3) shows the physical properties of SrO
3SrO + 2Al — Al,O3 + 3Sr

Table (3.3) : Physical Properties of SrO [43-45].

Chemical formula : SrO
Molar mass : 119.619 g/mol
Appearance : white powder
Odor : odorless
Density : 4.56g/cm3 (anhydrous) , 1.91 g /cm3
(octahydrate)
Melting point : 215°C
Solubility in water : slightly soluble

3.3 Preparation of (PVA-PEG-SrO)

The nanocomposites of (PVA-PEG-SrO) are prepared by dissolving 1 gm
of polymers in 50 ml of distilled water with different concentrations which are
0.90wt.% PVA and 0.10wt.% PEG by using magnetic stirrer to mix the
polymers for 1 hour to obtain more homogeneous solution. The SrO
nanoparticles are added to nanocomposites mixture with different
concentrations which are (0.01, 0.02, 0.03 and 0.04) wt.%. as shown in table
(3.4). The casting method is used to prepare the samples of (PVA-PEG-SrO)

nanocomposites in the template (petri dish has diameter 10 cm).

Table (3.4): lllustrate samples no. and (PVA-PEG-SrO) nanocomposites wt.%.

Sample No. | PVAWt% | PEGWt% | SrO Wt.%
0 0.90 0.10 0
1 0.90 0.095 0.005
2 0.90 0.090 0.010
3 0.90 0.085 0.015
4 0.90 0.080 0.020

18
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3.4 Measurements of Structural Properties for (PVA-PEG-SrO)
nanocomposite by Optical Microscope
The sample of (PVA-PEG-SrO) are examined by using the optical
microscope, which is supplied from Olympus name (Toup View) type (Nikon -
73346) and equipped with light intensity automatic controlled camera. Under
magnification (10x), this measurement was implemented in the University of
Babylon /College of Education for Pure Sciences, as shown in Figure (3.3).

Figure (3.3): Optical Microscope.

19
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Chapter Four

4.1 Introduction

This chapter include results and discussion of the structural and electrical

properties of (PVA-PEG-SrO) nanocomposites.

4.2 The Optical Microscope
Figures (4.1) shows the images of (PVA- PEG-SrO) nanocomposites with

different concentrations of SrO nanoparticles at magnification power (10x).

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 SrO nanoparticles, both figures show the addition of SrO
nanoparticles distributed through the polymeric blend with homogenous and
ordered shape as well as the appearance of SrO nanoparticles 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 [46].
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Figure (4.1) : Photomicrographs (10x) for (PVA-PEG- SrO) nanocomposites

(A) (PVA- PEG) blend (B) 0.5wt% (C) 1wt% (D) 1.5wt% (E) 2wtd%.
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4.3 Fourier Transform Infrared Radiation (FTIR) of (PVA-PEG-

SrO) nanocomposites.

Figure (4.2) shows the FTIR spectra of (PVA-PEG-SrO) nanocomposites

with different concentrations of (SrO) nanoparticles recorded at room

temperature in the region (600-4000) cm™.pure blend (PVA-PEG) where wave
number (cm™) (3401-3480) O-H stretching, (1607-1694) C=C stretching, (2910-
2996) CH, asymmetric stretching, (1708-1760) C=0 stretching, (1607-1694)
C=C stretching, C-N stretching, (1469-1484) CH2 bending or bending O-H,
(1038-1078) C=0 stretch, C-H and OH bending, (907-943) CO= symmetric

stretching. Table (4.1) exhibited the spectra characteristic bands of stretching

and bending vibrations of the functional groups formed in nanocomposites.

Table (4.1): FTIR-characteristic for (PVA-PEG- SrO) nanocomposites

Active band

Owt%Sro

0.5wt% SrO

1wt% SrO

1.5wt% SrO

2wt% SrO

(C-H)
Stretching
Vibration

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

3272

3285

3272

3273

3273

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

2940

2939

2940

(C=C)
Stretching
Aromatic

(1607-1694)cm™

1650

1652

1650

1651

1653

(CH2) bending
Or bending
(O-H)
(1469-1483)cm™

1422

1422

1422

(CH2) wagging,
Twisting(out-of-
plane)
Bending

vibrations1250 cm™

1248

1245

1245

1245

1245

(C-0)
Single band
(1100 cm™)

1089

1089

1088

1088

1088
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FTIR spectra show a shifting in peak position as well as the change in
shape and intensity compared with pure (PVA-PEG) and (PVA-SrO) films and
it can be noticed that there is a decrease in transmittance at the concentration
increasing of SrO nanoparticles. So far the density increment of the films means

that there is increasing in atoms and ions in the light path.
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Figure (4.2): FTIR spectra for (PVA-PEG-SrO) nanocomposite: (A) (PVA-PEG) blend,
(B) 0.5wt% SrO, (C) 1wt% SrO, (D) 1.5wt% SrO, (E) 2wt% SrO.
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4.4 Alternating Current Electrical Properties of (PVA-PEG-SrO)
nanocomposites
The A.C electrical properties of (PVA-PEG-SrO) nanocomposites were
studied with frequency range (100Hz-5MHz) at room temperature. The
dielectric constant was calculated by using the equation (2.32). The dielectric
loss was calculated by using equation (2.26); using the measured dielectric
constant and tand, while the A.C electrical conductivity (oac) was calculated by

using equation (2.33) after substituting the measured values of ¢'.

4.4.1 The Dielectric Constant of (PVA-PEG-SrO) nanocomposites

Figures (4.3) show the effect of adding the (SrO) nanoparticles on the
dielectric constant at 100Hz and 25°C. From this figure, notice that, the
dielectric constant increases with the increase of the concentration of (SrO)

nanoparticles.

The possible reason behind the increase of dielectric constant values in
the formation of a continuous network of (SrO) nanoparticles inside the
nanocomposites. At low concentrations, the nanoparticles take place to form the
clusters or separated groups; hence, the dielectric constant becomes
approximately low, and at high concentrations, (SrO) nanoparticles form a
continuous network inside the nanocomposites and because the of (C,)
increment for the storage charges, and so the value of dielectric constant
reduces with the volumetric rate of the (SrO) nanoparticles. This is similar to

the results reached by the researchers [47].
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Figure (4.3): Variation of dielectric constant with concentration of (SrO)
nanoparticles at 100Hz of (PVA-PEG-SrO) nanocomposites.

The dielectric constant variation for (PVA-PEG-SrO) nanocomposites with
frequency for all samples are shown in Figure (4.4). It's obvious from figure the
dielectric constant is higher in the low frequency range and with the increasing
in frequency; it decreases for all samples. The higher dielectric constant is due
to Maxwell-Wagner polarization. This kind of polarization originates from
insulator-conductor interfaces. The accumulation of space charges or dipoles at
the interfaces leads to this interfacial polarization. At low frequency region, the
space charges have plenty of time to react to the applied electric field, whereas
in the higher frequency range changes in the electric field is too quick for the
space charges to react and the polarization effect does not exist. The other types
of polarizations appear at high frequencies. The ionic polarization reacts slightly
to the variation in the field frequencies compared to the electronic polarization.
This is because the mass of ion is greater than that of the electron. The electrons
respond to even the high frequencies of the field vibrations. The low mass of

electron makes the electronic polarization, the only type of polarization at
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higher frequencies. This makes the dielectric constant approximately constant

for all samples at high frequencies. [48,49].
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Figure (4.4): Variation of the dielectric constant of (PVA-PEG-SrO)
nanocomposites with frequency.

4.4.2 The Dielectric Loss of (PVA-PEG-SrO) nanocomposites

The dielectric loss decreases with increase in frequency as depicted in the
Figures (4.5). This is due to the highly mobile charge carriers present in the
polymer chain at low frequency. Since the space charges find it difficult to react
with the electric field at high frequency, the charge accumulation due to
polarization decreases at the higher frequency, so dielectric loss decreases. In
general, the loss of power in a dielectric material. When the frequency is
increasing to 1MHz, the dielectric loss is approximately constant for (PVA-
PEG-SrO) nanocomposites. This is attributed to the mechanisms of other types
of polarization that occurs at high frequencies. The value of dielectric loss is
increasing by increasing the SrO nanoparticles wt.% content ; this is due to the
increase of the ionic charge carriers caused by the increase of the SrO

concentration, as shown in figure (4.6) [48,49].
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Figure (4.5): Variation of the dielectric loss of (PVA-PEG-SrO)
nanocomposites with frequency.
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Figure (4.6): Variation of dielectric loss with concentration of (SrO)
nanoparticles for (PVA-PEG-SrO) nanocomposites.
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4.4.3 Alternating Current electrical conductivity

The variation of AC electrical conductivity as a function of frequency for
(PVA-PEG-SrO) nanocomposites at 100Hz, 25 °C is depicted in Figure (4.7).
The figure shows that at (low, intermediate and higher) frequency regions, the
electrical conductivity of nanocomposites increases with frequency which is due
to the hopping of charge carriers through the conducting networks formed as a
result of polarity. Furthermore, the increase in AC electrical conductivity with
angular frequency at low frequency region can be attributed to the interfacial
polarization while at intermediate and higher frequencies, the increase in
conductivity is due to the motion of electrons or atoms, tunneling or hopping
between two equilibrium sites. In general, the AC conductivity decreases with
increasing in frequency in case of the band conduction, while it increases with
increasing in frequency in case of hopping conduction. From figure (4.7), it can
be shown that the conductivity of nanocomposites was increased with the
increasing of (SrO) nanoparticles concentrations as a result of the increase of
the ionic charge carriers and the formation of a continuous network of (SrO)

nanoparticles ions inside the composites [48,49].
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Figure (4.7): Variation of the A.C electrical conductivity with frequency for
(PVA-PEG-SrO) nanocomposites.
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Chapter Five

5.1 Conclusions

1. The results of the optical microscopy of (PVA-PEG-SrO)
nanocomposites show the addition of (SrO) nanomaterial distributed
through the polymeric blend with homogenous and ordered shape.

2. The A.C electrical conductivity of (PVA-PEG-SrO) nanocomposites and
dielectric constant and the dielectric loss for all concentrations increases

with the frequency.

5.2 Future works

1. Study of the thermal properties of the (PVA-PEG-SrO) nanocomposites.
2. Study of the mechanical properties of the (PVA-PEG-SrO)
nanocomposites.

3. Study of the optical properties of the (PVA-PEG-SrO) nanocomposites.

32



Reterences




References

[1]

[2]

[3]

References

L.H. Howared, "Introduction to physical polymer science", 4th ed., printed
in united states of America, (2006).

G. A. Kontos, A. L. Soulintzis and P. K. Karahaliou, J. Express polymer
Letters, Vol. 1, No. 12, pp. 781-789, (2007) .

S. Nagarajan and K. A. Kuppusamy, "Extracellular synthesis of zinc oxide
nanoparticle using seaweeds of gulf of Mannar, India"”, Journal of Nano
biotechnology, Vol.11, No.39, (2013).

[4] A.J. Kadham, D. Hassan., N. Mohammad and A. Hashim," Fabrication of

(Polymer Blend-magnesium Oxide) Nanoparticle and Studying their
Optical Properties for Optoelectronic Applications”, Bulletin of Electrical
Engineering and Informatics, VVol.7, No.1, PP. 28-34, (2018).

[5] A.C. Long, "Composites forming technologies”, Cambridge Engla, (2007).

[6]

[7]

[8]

[9]

[10]

[11]

S.M. Aharoni, "Metal- Filled Plastics”, J. Appl. Phys. Vol.43, No.1,
(1972).

G. Al-Adam "Technology and polymer chemistry”, University of Basra,
college of science, (1983).

I. David, "Introduction to physical polymer”, New Cambridge University
press, (2002).

O. Robert, "Polymer Scince and Technology ", Department of Chemical
,Engineering University of Benin, Benin city, Nigeria, ISBN 0-8493-8939-
9, TP156.P6E24, (1996).

G. Habi, "Study the Effect of Gamma Ray on the Thermal and Optical
properties of Random polymers”, M.Sc. Thesis, Babylon University,
college of science, (2010).

D. R. Paul, D. E. Bergbreiter and C.R. Martin, " Control of phase structure
in polymer blends, in Functional Polymers™, Plenum Press New York, PP.
1-18, (1989).

33



References

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

J. J. Scobbo and L. A. Goettler, " Applications of polymer alloys and
blends", Kluwer Academic Publishers, PP. 951-976, (2003).

J. L. White and S. H. Bumm,” Polymer blend compounding and
processing, in Encyclopedia of Polymer Blends", Wiley-VCH, PP. 1-26,
(2011).

M. Si, T. Araki, H. Ade, A. L. D. Kilcoyne, R. Fisher, J. C. Sokolov and
M. H. Rafailovich, “Compatibilizing Bulk Polymer Blends by Using
Organ clays”, Macromolecules, VVol.39, PP.4793-4801, (2006).

T. Athar, “Synthesis and characterization of strontium oxide nanoparticles
via wet process”, Materials Focus, 2(6), 450-453 (2013).

A. U. Devi, A.K. Sharma and V.V.R.N. Rao," Electrical and optical
properties of pure and silver nitrate-doped polyvinyl alcohol films", Mater.
Lett.,Vol. 56 ,PP.167-174, (2002).

Q. Feng, Z. Dang and N. Li and X. Cao, "study the dielectric properties of
Ag/PVA nanocomposites” ,Mater. Sci. Eng. B, Vol. 99, PP.325-
328,(2003).

S. Awasthi, K. Awasthi, R. Kumar, and O. N. Srivastava,
"Functionalization Effects on the Electrical Properties of Multi-Walled
Carbon Nanotube-Polyacrylamide Composites”, Journal of Nanoscience
and Nanotechnology ,Vol.9, PP. 5455-5460, (2009).

R. J. Sengwa, S. Sankhla and S. Choudhary, "Dielectric Characterization
of Solution Intercalation and Melt Intercalation Poly(vinyl Alcohol)-
Poly(vinyl Pyyrolidone) Blend -Montmorillonite Clay Nanocomposite
Films", Indian Journal of Pure & Applied Physics, Vol. 48, 196-204,
(2010).

M. F. M. A. Zamri, S. H. S. Zein, A. Z. Abdullah and N. I. Basir ,
"Improved electrical conductivity of polyvinyl alcohol/ multi walled
carbon nanotube nanofibre composite films with MnO, as filler

34



References

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

synthesized using the electro spinning process”, International Journal of
Engineering & Technology,Vol. 11, No. 06, (2011).

M. B. N. Prakash, A. Manjunath and R. Somashekar, "Studies on AC
Electrical Conductivity of CdCl, Doped PVA Polymer Electrolyte",
Hindawi Publishing Corporation Advances in Condensed Matter Physics,
Vol. 2013, (2013).

A. Manjunath, T. Deepa, N. K. Supreetha and M. Irfan, "Studies on AC
Electrical Conductivity and Dielectric Properties of PVA/NH;NO; Solid
Polymer Electrolyte Films", Advances in Materials Physics and Chemistry,
Vol. 5, PP. 295-301, (2015).

S.M. Sze, "Physics of Semiconductor Devices", 2nd ed., John Wiely and

Sons, New York, (1981).

N.P. Bogoroditsky, V.V. Paasnkov, and B.M. Tareev, "Electrical
Engineering materials™ (1979).

R. Wasif, "Basics of Solids Physics", Cairo University, (2008).

S.M. Sze, "Semiconductor Devices physics and technology" Prentice-hall
of India private Limited, (1985).

H. Frohlich, "Theory of Dielectric”, 2nd ed., Oxfored University press,
(1988).

S. Sindhu , M. R. Anantharaman and B. P. Thampi , J. Bull. Mater. Sci. ,
Vol. 25, No. 7, PP. 599-607 , Cochin Uni. Of Science and Technology ,
(2002).

S. Wany, " solid state Electronices ", MoGraw — Hill book co, (1996).

J. Hladik,"physics of Electrolytes"”, Academic press. London, New York,
(1972) .

R. S. Al-Khafaji, Study the Effect of Iragi Bentonite Clay addition on the
Properties of Porcelain Body Prepared from Local Clays, PhD. Thesis,
College of Education/lIbn Al-Haithem, University of Baghdad,Iraq, (2009).
T. Blythe and D. Bloor, "Electrical Properties of Polymers”, 2" Ed.,
Cambridge University Press, UK, (2005).

35



References

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

S. S. Chiad, S. F. Oboudi, K. H. Abass and N. F. Habubi, "Characterization
of Silver/Polyvinyl Alcohol (Ag/PVA) Films prepared by Casting
Technique", Iragi J. of Polymers, Vol. 16, No.10-18, (2012).

C. Srikanth, C. Sr-idhar , B. M. Nagabhushana and R. D. Mathad,
"Characterization and DC Conductivity of novel NiO doped Polyvinyl
Alcohol (PVA) Nano-composite films", International Journal of
Application or Innovation in Engineering & Management , Vol. 3, ISSN
2319 — 4847, (2014).

C. Ravindra, M. Sarswati, G. Sukanya, P. Shivalila, Y. Soumya and K.
Deepak, "Tensile and Thermal Properties of Poly (vinyl pyrrolidone) /
Vanillin Incorporated Poly (vinyl alcohol)Films"”, Research Journal of
Physical Sciences, Vol. 3, No.8, PP. 1-6, (2015).

A. Tawansi and H.M. Zidan "Tunnelling and Thermally Stimulated
Phenomena in Highly Filled PMMA Composites”, Int. Journal Polym.
Mater. Vol. 15 ,No. 2, PP. 77-83, (1991).

N. B. Rithin Kumar, V. Crasta, and B.M. Praveen, " Advancement in
Microstructural, Optical, and Mechanical Properties of PVA (Mowiol10-
98) Doped by ZnO Nanoparticles”, Physics Research International, Vol.
2014, PP. 9, (2014).

C. M. Hassan and N. A. Peppas, Structure and Applications of (Polyvinyl
Alcohol) Hydrogels Produced by Conventional Crosslinking or by
Freezing/Thawing Methods . Advances in Polymer Science,Vol. 153,PP.
37-65, (2000).

Clariant GmbH 65926 Frankfurt, Germany, (2013).

W. Billmeyer, "Text book of polymer", 2nd ed. John Wiley and Sons Inc.,
New York, (1971).

P.J. Weller, "Handbook of Pharmaceutical Excipients", 8th Ed. American
Pharmaceutical Association, p. 355-361, (1994).

36



References

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Bernal, J. D.; D'yatlova, E.; Kasarnovskii, |I.; Raikhstein, S. I.; Ward, A. G.
"The structure of strontium and barium peroxides” Zeitschrift fir
Kristallographie, Kristallgeometrie, Kristallphysik, Kristallchemie, 92,pp
344-54, (1935).

Middleburgh, Simon C.; Lagerlof, Karl Peter D.; Grimes, Robin W.
(2013). "Accommodation of Excess Oxygen in Group Il Monoxides".
Journal of the American Ceramic Society. 96: 308-311.
d0i:10.1111/j.1551-2916.2012.05452.x

Massalimov, I. A.; Kireeva, M. S.; Sangalov, Yu. A. (2002). "Structure and
Properties of Mechanically Activated Barium Peroxide". Inorganic
Materials. 38 (4): 363-366. doi:10.1023/A:1015105922260

Strontium Peroxide". American Elements. Retrieved March 7, 2019"

Y.N. Al-Jamal, "Solid State Physics", Al-Mosel University, 2nd ed.,
Arabic Version, (2000).

S. S. Chiad, N. F. Habubi, S. F. Oboudi and M. H. Abdul-Allah, "Effect of
Thickness on The Optical Parameters of PVA: Ag", Diyala Journal for
pure Sciences, Vol. 7, No. 3, (2011).

K. Rajeshl & Vincent Crastal & N. B. Rithin Kumar2 & Gananatha
Shettyl & P. D. Rekha3," Structural, optical, mechanical and dielectric
properties of titanium dioxide doped PVA/PVP nanocomposite”,Journal of
Polymer Research (2019) 26:99

A. Goswamile A. K. Bajpaile Jaya Bajpail*B. K. Sinha2," Designing
vanadium pentoxide-carboxymethyl cellulose/polyvinyl alcohol-based
bionanocomposite ~ films and  study of  their  structure,
topography,mechanical, electrical and optical behavior",Springer-Verlag
Berlin Heidelberg. Polym. Bull (2017).

37



AaadAl

dabide 585 cuall diph ol (PVA-PEG-SrO) islll clSiidl juass
(20) s ana ugies Gyl STO Glasan G 35l (0.04 <0.03 <0.02 <0.01 <0)
Ayhay STO Al Cilapal) ey J313 Byaiune 300 Fguall Jgaall Hsea cujelily . siagils
Al COlla g e rany o Sy alail) 13y cAadiia g duslatie

s 4 (PVA-PEG-SrO) sl clSliall gpadl gpaal (and) il ekl
cipes eilaie JS (gyeil sl Badall Ja1s dejse (STO) (he sraall Laliie 2l Zils)

(PVA-PEG-SrO) 4,silill culpall aajial) Lall 43l jqSH ddea gl 2agi Layl sy

.JJJ:\M EJQ)' & &"_1\)5\5).\3\ @AAJ JJIA\ ad g é\.v«ﬁ\ d):d\ a_uta}



Gl 4 ggan

(eatad) Canll g Aad) anlail) 3 ) 5 g
i daals

4 el p sl g i A
gl ) oo

Al g Sl g A4S Al ailadl) Al )
(PVA-PEG-Sr0) Ll ) siall
prhde o

Kb Al § A8 pall aglald dpn Al &S pudma ]
Leliedasg olodl slind / Jladl pgbsadl Azyo dis oldiata (0 ¢ 32 (29

LBl JS e
> F.B‘s S g s
sujd psle g

(p 2015 Lws\d) daslr)

S Lak

Lol de @13y e oo

» 2021 - 1443



