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Abstract

This research investigates the effect of additioning ceramic materials
which represents aluminum dioxide (Alumina-Al,03) and titanium dioxide
(Titania-Ti0O,), with different particle sizes ranging between micro size (30) um
and nano size (30 nm) as dispersion to Unsaturated Polyester (UP) as a matrix
material and also the studying of some affecting factors on the dielectric
strength, dielectric constant, dispersion factor (loss tangent), and X-ray
examination of the composite material. reinforcement ceramic materials
(Alumina and Titania) with weight fraction (1%, 2%, 3%, 4%) was added to
Unsaturated Polyester, and prepared by Hand lay-Up Molding with the
thicknesses ranged between (1-4) mm. Generally, the results of tests have
shown the decrease of dielectric strength with increase in proportion of additive
ceramic, and the values of dielectric strength of the composite (UP + TiO;) was
less than the values of dielectric strength of the composite (UP + Al,O3) This is
due to the high dielectric constant possession for titanium dioxide, with
dielectric loss factor higher than alumina compared with other insulator
materials and also it appear that the dielectric strength decreases with increasing
dielectric loss factor.

The results showed for both Composites (UP + Al,O3) and (UP + TiO,)
respectively, a decreasing in the dielectric strength with thickness increasing,
and increasing in the dielectric strength with the increases of the voltage
elevating average. The effect of the number of breakdowns on the dielectric
strength of both composites has decreased clearly after the first round. The
results have shown for both Composites (UP + Al,O3) and (UP + TiO,),
respectively, It was also shown the increase in the values of dielectric constant
with increasing of the proportion of additive ceramic (Alumina + Titania) and a
decrease in the values of dielectric constant with increasing frequency. Tangent
loss was observed that its value increases with increasing frequency reach to the

highest value at the relaxation frequency and then its values start to decrease



gradually at frequencies greater than relaxation frequency. The Xx-ray
examinations clear for both Composites (UP + Al,O3) and (UP + TiO,) in the
electric breakdown region didn’t occur any changes in the phases for the
constituent materials of the sample, and there is no new material has been
appear after the test. The images taken for the electric breakdown points by
using optical microscopy has shown the sample coaled in the electric
breakdown area as a result of polymeric chains of unsaturated polyester (UP)
destroyed, and there is appearance of micro cracks as a result of electric

breakdown extends directly from the point of electric breakdown.
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Chapter One Introduction & Previous Studies

1.1 Introduction

Because of the possession of composite materials of some properties that
suit many industrial applications, they gained a prominent place among different
engineering materials, where the composite materials combine the properties of
two or more exceeding disadvantages of each material In addition to that, they
have the ability to control their properties, either by the type and proportions
of constituent materials, or through its design and methods of manufacture[1].
Therefore, the designers and engineers focus at the present time on the effective
role of engineering materials that have entered into various industrial fields, so it
has been selected, produced by multiple processes and consecutive according to
the structure design and construction fit with functionality as well as the analysis
of failure in requested performance [1,2].

In response to the requirements of development industrial progress and
walking towards improving the performance of the product in terms of design
and manufacturing, there are efforts to form composite materials that have
strength, durability and reliability in terms of its beauty and resistance to
erosion, while in the electric fields, we find there is a desire to produce
integrated circuits, For example, the keys of the computer for instantaneous
interaction, dielectric and endure the high voltage, while in the motor cars
industry has been used materials with light weight and high durability.
furthermore, Space fields are required materials with light weight and good
performance in order to resist the weather conditions (temperature, for example)
of outer space [2]. The Specialists noted in the field of materials science (such as
metals, ceramics and polymers) difference in the characteristics, type of
available materials, the general behavior, also the impact of environmental
conditions and services in the functionality performance of the materials [3].

In this work, The researcher used the polymers which are inert materials,
light weight and generally has a high degree of ductile, which is characterized
by lower electrical conductivity and thermal so used as insulators electrical and

thermal. when compared with the metals they are low density, large elongation

1



Chapter One Introduction & Previous Studies

when there is a change in temperature, low stiffness, high resistance to corrosion
and they do not consider hardened materials [4]. Ceramics materials are
inorganic and non-metal [3], such as oxides, carbides, Nitrides and others, where
ceramic materials tend to be poor connectivity, electric and thermal, this is
means insulating material characterized by brittle resulting from decrease of
ductile and thus lower resistance to shocks, but it has the hardness and
compression strength and chemically lethargic, Thus ceramic is not used in
applications under the effect of impact loads compared to metals, however, it is
resistant to high temperatures [2,4].

The composite materials that have polymer matrix of the oldest
composite materials[1]. and consist of the first phase which is known Matrix
material and be of ductile material with high durability, such as polymers, while
the second phase is called Reinforcement phase which may be in the form of
(fibers, or particles, or flakes) of solid material such as (polymers, ceramics,
metals) [4].

Recently, a large window of opportunity has been opened to overcome the
limitations of traditional micrometer-scale polymer composites and nanoscale
filled polymer composites in which the filler is <100 nm in at least one
dimension [5].

The science in direction nanofillers is called Nanoscience and nanotech-
nology that pertain to the synthesis, characterization, exploitation and utilization
of nanostructured materials which are characterized by at least one dimension in
the nanometer (1 nm = 10 m) range. Such nanostructured systems constitute a
bridge between single molecules and infinite bulk systems. Individual nanostru-
ctures involve clusters, nanoparticles, nanocrystals, quantum dots, nanowires
and nanotubes, while collections of nanostructures involve arrays, assemblies
and super lattices of individual nanostructures. The dimensional range of 1 to
100 nm is referred as the nanoscale and materials at this scale are called
nanocrystals or nanomaterials. The chemical and physical properties of

nanomaterials can significantly differ from those of bulk materials of same

2
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chemical composition. The uniqueness of the structural characteristics,
energetics, response, dynamics and chemistry of nanostructures constitutes the
experimental and conceptual background for the field of nanoscience. Suitable
control of properties and response of nanostructures can lead to new devices and
technologies[6]. The origin of the size-induced properties in nanomaterials
depends basically on the surface phenomena (extrinsic contribution) and
guantum confinement effects (intrinsic contribution).

Polymer composites are important commercial materials with applications
that include filled elastomers for damping, electrical insulators, thermal condu-
ctors, and high-performance composites for use in aircraft, and from important

applications as nanoscale are sensors, electronic and optical nanodevices [5].

1.2 Previous Studies

1. Z.- M. Dang, et., al. (2003) [7], have studied the dielectric behavior of novel
three-phase multi-walled carbon nanotubes (MWNTS),(BaTiO3), polyvinylidene
Fluoride (PVDF) composites and found a novel three-phase percolative
composite with conductive MWNTs and ferroelectric particles (BaTiO,)
embedded into the PVDF matrix. The three-phase composite has a high
dielectric constant (¢, =450) and good flexibility. The dielectric measurement
results show that the effective dielectric constant of the composite is slightly
dependent on the frequency below (1 MHz) but increases rapidly with the
MWNTSs concentration when the concentration is very close to the percolation
threshold. The temperature has a little effect on the variation of the dielectric
behavior. the dependence of the dielectric constant and electrical conductivity of

the composites on frequency.

2. Qungiang Feng, et., al., (2003) [8], have studied preparation and dielectric
property of Ag/PVA nanocomposite. The composite with (20-30) nm Ag
particles has a higher resistivity and breakdown field than its matrix. Coulomb
blockade effects of metal powders could improve resistivity and breakdown

3
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field of its matrix. The breakdown field of polymer films in which Ag nano
particles were added, was about double that of the sample without Ag nano
particles. The metal nano particles which were dispersed uniformly in the
insulating matrix can make electron get across one by one, blocking the charge
carrier of the whole system to move directionally by the action of electric field.
Therefore, such effects improve the breakdown field strength of the composites.
For the composite films, the resistivity can be raised to ten times bigger than the
pure PVA, and the breakdown field strength can be raised to three times bigger.
And at cryogenic temperature, the resistance rate of composite can be raised

even more.

3. Vishal Singh, et., al., (2003) [9], have studied dielectric properties of Al-
Epoxy composites were characterized as a function of composition and
frequency. The dielectric constant increased smoothly with an increase in the
concentration of aluminum. An increase in dielectric constant was also observed
with a decrease in frequency. In general, dissipation factor values for composites
with higher concentrations of aluminum were greater than those with lower
volume content of aluminum. Also, the dissipation factor showed an increase

with a decrease in frequency.

4. Rola, (2007) [10], has studied the Dielectric constant and dielectric strength
of composite materials that consist of Novolak reinforced with glass fiber,
Novolak reinforced with asbestos fiber and Novolak reinforced with (60%) ratio
of glass fiber and asbestos have been studied. The specimens were made in
different ratios of Hexamethylenetetramine (HMTA) content of (10%) and
(14%), Then a study was carried out on the influence of (HMTA) on dielectric
constant and dielectric strength of these specimens. It was found that
permittivity and dielectric strength for composite materials are dependent matrix
the types and properties of reinforcing materials. Then the relation between

dielectric constant and frequency and temperature and percentage moisture

4
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absorption was studied. It was found that dielectric constant increases when the
temperature and percent-age moisture absorption increase, whereas dielectric

constant is dependent on capacity of composite materials.

5. Al-ammar, (2008) [11], has studied the most important effect of factors on
the dielectric strength of (ceramic-glass)composites which are produced of
Alumina (Al,Oz)and Magnesia (MgO) as matrix and soda lime glass as
supported material. He found that the dielectric strength decreased by adding
mount of glass, thickness and high temperature for all samples, also with lower
average to rise voltage. He found that the composites produced of Alumina

cannot use it in practical applications after first period loading of breakdown.

6. Al-Zubaidy, (2009) [12], has studied the effect of adding not burn and burn
Kaolin supported by (PVC) as matrix. She found a decrease in dielectric
strength with the amount of Kaolin for both composites and the values of
dielectric strength for composite (PVC-not burn Kaolin) lower than dielectric
strength for composite to (PVC-burn Kaolin). Also, the dielectric strength
decreased with increasing in thickness, temperature and number of breakdowns.
Dielectric strength increased with average time of voltage evaluated for both

composites.

7. Eduard A. Stefanescu, et., al., (2010) [13], have studied the influence of
calcium copper titanate (CCTO), and montmorillonite (MMT) on the thermo-
mechanical and dielectric properties of poly(methyl methacrylate)PMMA-based
composites. MMT was used for its ability to disperse and suspend the CCTO
particles through the generation of viscous monomer slurries. The filler addition
was found to improve the thermal stability and the glass transition temperature
of PMMA in the composites. Furthermore, the elastic stiffness and dielectric

constant of the resultant composites were observed to increase monotonically
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with filler loading. By contrast, the dielectric breakdown strength of the

composite samples was found to diminish with increasing filler loading.

8. Samer, (2010) [14], has studied the influence of electromechanical for
different types of glass. He studied the effect of electric breakdown on bending
strength and some factors effecting on bending strength and dielectric strength
for soda lime glass and Pyrex after heat treat. The dielectric strength was
decreased when the thickness and the periodic loading of breakdown increased.
Soda lime glass and Pyrex samples show increased in dielectric strength with
increase in rise voltage average. the optical microscope pictures show electric

breakdown and cracks on samples.

9. Bahaa, (2011) [15], has studied Electrical Properties of (poly-methyl
methacry- late-Alumina) (PMMA - Al,Oz;) Composites. the PMMA samples
with Al,O; additive prepared with different percentages(0,15,25,35 and 45)
wt.% . He found that The dielectric constant decreasing with the frequency and
increase with Al,O; wt.% content. The dielectric loss is oscillatory in the whole
frequency region and increase with increasing Al,O; wt.% content. The D.C
electrical conductivity of the poly-methyl methacrylate increases by increasing
the Al,O3 concentrations and the temperature. The A.C electrical conductivity of
PMMA - Al,O; composites is increasing with increasing frequency of applied

electrical field and Al,O5; wt. % content.

10. V. Tome, et, al., (2011) [16], have studied Polyethylene nanocomposite
dielectrics (polyethylene (PE)) as a matrix and clay and silicate as fillers, to
enhance the dielectric properties of thermoplastic polymers, when the mitigation
of internal charges and the nature of the interfacial regions are properly adjusted.
In particular, it is shown that filler alignment can be used to improve the high
electric-field breakdown strength and the recoverable energy density. Further, it

is conclusively demonstrated that the alignment of the two-dimensional
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nanoparticles has a measurable positive effect on the breakdown strength of the
materials and, consequently, on the maximum recoverable energy density.
Experimentally observed dielectric breakdown strengths, plotted as a probability
of failure versus applied electric dc field (Weibull statistics). The Weibull fitted
lines and the corresponding parameters are also found for a pure (unfilled)
polymer, for a nanocomposite with random fillers, and for a nanocomposite with
oriented fillers. There is a strong effect of the filler orientation on the breakdown
behavior of the composites, which results in marked improvement of the high

field breakdown strength for the oriented filler nanocomposites.

11. Chia-Ching Wu, t., al., (2011) [17], have studied (BaggSrg,)(Tio9Zr01)O3
(BSTZ) ceramic powder mixed with polyetherimide (PEI) to form flexible
PEI/BSTZ composites, and the effects that different BSTZ content has on the
dielectric properties of these composites are investigated. The dielectric constant
increases from 2.52 to 20.28 as the BSTZ filler content increases from 0 wt% to
70 Wt%.

12. Weimin Xia, et., al., (2012) [18], have studied the dielectric properties of
poly(vinylidenefluoride-chlorotrifluoroethylene) (P(VDF-CTFE) and BaSrTiO;
(BST) nanocomposites. The addition of BST nanoparticles could enhance the
dielectric constant of the resultant composite significantly. The dielectric
constant for all samples decrease as a function of frequency ranging from100 Hz
t010 MHz. Furthermore, The dielectric constant increase continuously as more
BST nanoparticles are introduced and reach 82 at 100Hz in composite with
30 wt% BST. In addition, dielectric loss was little at lower frequency, dielectric
loss of nanocomposites increase as the contents of BST particles at low

frequency.

13. Ram Avatar Sharma, et., al., (2012) [19], have studied the effect of nano
and micro silica on electrical property of Unsaturated Polyester Resin (UPR)

7
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Composites. the value of the dielectric strength is slightly higher in nano silica
UPR composites when compared to micro silica based composites. It may be
due to interfacial bonding between the UPR and the silica particles. the value of
the dielectric constant is slightly lower in the nano silica-UPR composite. This is
due to the successful interaction between the polymer and the surface of the
silica particles. The values of the dielectric constant keep decreasing till a
loading 1.5 phr silica in UPR resin. after this, the values of the dielectric
constant are almost the same. This may be due to the agglomeration of the silica
particles in the UPR resin. the dissipation factor decreases up to the nano silica
loading of 1.5 percentages and then, it becomes constant. It may be due to the
reduction of the internal discharge by the interfacial region of the polymer

matrix and the filler at filler concentration more than 1.5 percentages.

1.3 Aims of the Study

1. preparing composites that consist of unsaturated polyester as the matrix
material which reinforced by aluminum dioxide (Alumina) and titanium
dioxide (Titania) with different particle sizes and different weight fraction,
that distinguished by high dispersion.

2. studying some affecting factors (thickness, average elevating voltage and
number of breakdowns) on dielectric strength.

3. Studying dielectric constant, loss tangent (dispersion factor), and the influence
of the effecting factors (additives materials and frequency) on them.

4. X-ray examination for the electric breakdown points to make sure of create a

new materials or not which may caused by thermal effect of the voltage.
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2.1 Composite Materials

The materials are described by the three traditional primary classifica-
tions they are: metals, ceramics, and polymers. There is an increasing emphasis
on combining materials from these different categories, or even different
materials within each category, in such a way as to achieve properties and
performance that are unique. Such materials are called composites [20]. A
composite material has been defined as: “A substance consisting of two or more
materials, insoluble in one another, which are combined to form a useful
engineering material possessing certain properties not possessed by the
constituents” [21]. These materials are discontinuous phases embedded in a
continuous phase. The discontinuous phase is usually harder and stronger than
the continuous phase and is called the reinforcement material; whereas the
continuous phase is termed the matrix, the matrix holds the reinforcements in an
orderly pattern [22]. This work focuses on particle-reinforced composites
composed of particles embedded in a matrix; The particles are in the range
microsize and nanosize, and the matrix is polymer. Generally the composite
materials consist of [23] :
A- Matrix Phase:
1. The primary phase, having a continuous character.
2. Usually more ductile and less hard phase.
3. Holds the reinforcing phase and shares a load with it.
B- Reinforcing Phase:
1. Second phase is imbedded in the matrix in a discontinuous form.
2. Usually stronger than the matrix, therefore it is sometimes called reinforcing
phase.
And Performance of Composite depends on:
1. Properties of matrix and reinforcement.
2. Size and distribution of constituents.

3. Shape of constituents and nature of interface between constituents.
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2.2 Classification of Composites Materials
Some of the common classifications of composite materials are
reinforcement-Based [22], that can be divided in to:

e Particle-reinforced.

e Fiber-reinforced.

e Structural, which contains Sandwich panels and Laminates as shown in,
Figure (2.1). Basically, composites can be categorized into three groups on the
basis of matrix material. They are: [24]

e Metal Matrix Composites (MMC).

e Ceramic Matrix Composites (CMC).

e Polymer Matrix Composites (PMC).

/ Composite \
~ 4\ ~~

Particle-reinforced fiber-reinforced structural
A A A
r A r A 4 A\
Large - dispersion- continuous discontinuous laminates sandwich
Particle strengthen (aligned) (short) panels

- /

Fig. (2.1) Classification Scheme of Various Composite Types.[22]

2-3 Polymer Matrix Composites (PMC)

Polymer Matrix Composites are composed of a matrix from thermoset
(Unsaturated polyester (UP), Epoxy) or thermoplastic (PVVC,Nylon, Polysterene)
and embedded ceramic, glass, carbon, steel or Kevlar fibers(dispersed phase)
[23,25]. These are the most commonly used matrix material. In general the
mechanical properties of polymers are inadequate for many structural purposes.
In particular their strength and stiffness are low compared to metals and

10



Chapter two Theoretical Background

ceramics. These difficulties are overcome by reinforcing other Materials with
polymers. The processing of this type of matrix composites do not require high
pressure and high temperature. The equipments which are required for
manufacturing polymer matrix composites are simpler. For this reason polymer
composites developed rapidly and soon became popular for structural
applications. Polymer composites are used because overall properties of these
composites are superior to those of the individual polymers. The elastic modulus
Is greater than that of the neat polymer but are not as brittle as ceramics [24].
The polymer matrix composites have some required properties, we can note
that the potential advantages of PMC are manifold:

1- Light weight.

2- High corrosion resistance.

3- Relative high flexibility of manufacture (large complex structure can
be fabricated in one piece minimizing tooling casts and obviating the
need for joints fastenings.

4- 1t is a tremendous scope for innovative design without the constraints
of conventional metal forming or machining process.

5- Excellent thermal properties, it is possible to fabricate PMC with very
low thermal expansively and thermal conductivity which may be
significance in certain applications.

6- Electrical properties, certain PMC are excellent electrical insulators
and also some of them are conducting and photo conducting materials.

7- High specific strength [26 - 28].

In terms of disadvantages two of them require particular attention
[28] :

a- Lack of ductility.

b- The properties of certain PMC are dependent on direction.

There are three main types of PMC, classified according to the type of

reinforcing materials, fibrous polymer matrix composites, particulate polymer

11
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matrix composites, and non-filler polymer matrix composites. Generally the
filler are divided into organic fillers such as polymeric and natural fibers
(banana, jut, and sisal), compatibility agents, pigments and flame retardants, and
inorganic fillers such as fibers (glass, carbon, basalt, boron) and metallic

particulate fillers.

2.4 Resins

Because of the development witnessed the world in the field of polymeric
materials has entered the resin in the composition of raw materials for the
manufacture of polymers, which can be defined as a complex polymer
composed of organic materials is amorphous (non crystalline) may be natural or
industry consists of small particles called “monomer” and linked to a large
numbers of these molecules chemically bonded to this set up polymeric chains

arrange in non-crystalline (amorphous) when it hardening [29].

Resins are divided into two types: -
2.4.1 Thermoplastic Resins

Thermoplastic are polymeric Materials few branching and has a small
reticulate Linking and can be converted easily into a paste plastic configuration
easy or liquid as pressure and temperature that uses without any change in their
chemical properties or chemical composition, and when cooled hardens easily
and can be re-melted several times using the heat whichever can be recycled.
This type of polymer changing in the shape by the impact of load which leads to
the sliding chains of molecular on each other because of weak the bonds that
connect them (Vander waals forces) such as polyethylene, poly vinyl chloride
and polypropylene and thus become more ductility and formational easy [30,31].

These materials are sensitive to the temperature where it can become
paste when exposed to heat and then hardens when cooled and these polymers

"Semi-crystalline” and have a high molecular weight, degrees of heat

12
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transmission different according to materials, the susceptibility of polymeric
materials on the crystallization depends on the temperature and manufacturing
conditions. Therefore, this materials can be crystalline or amorphous or "Semi

crystalline” [32].

2.4.2 Thermosetting Resins

The materials that may be formed by heat with or without using the
pressure and these materials are solid permanently and more fragility (brittle) of
the previous type and can not be re-formed again by heat. Chemical change
occurs in its composition when exposed to pressure and temperature where
softening in the beginning and constantly exposed to heat will become hardened
as a result of the process of polymerization, and the molecular chains bonds by
very strong covalent bonds will increase both the brittle and stiffness. Its types
include industrial (polyester and epoxy) and natural (wool and wood), [31,33]
and when these materials exposed to high temperatures, the covalent bonds
between the atoms in the molecular chains will be break and degrade,
amorphous materials, have a large Cross Linking and do not possess the degree

of heat transmission.

2.5 Polyester Resins

The polyester resins of the most polymeric materials using in the present
time because of the low cost, characterization of high performance and operating
at a fast rates. The polyester reactions of heat emitting reactions, so must
overcome on this heat and control it during the configuration process, The high
heat leads to the occurrence of cracks and fissures caused by generating heat
stress in the final product and therefore this will affect on the mechanical
properties, physical and electrical of these materials. The preparing of polyester
of raw materials can be obtained from petroleum that resulting (polyester) from

the interaction of Dicarboxylic with Dihydric Alcohol. The Terephthalic Acid of

13
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the most acid used in the preparation of this material, and includes the changes
In this interaction composition of several materials, produced, thus resins with
different properties significantly, as the properties of physical and electrical
quality of the most important features of the polyester as well as ease of
hardening and using without a come up of gases or any by product, and
characterized by their resistance to corrosion and high temperature when adding
small amounts of chemical materials, as well as resistance to weather conditions
such as ultraviolet rays. As well as progress, the evolution which took place on
this material made possible the formation of products with various shapes, sizes
and economic prices better than it is in time past. these resins does not favor
their use alone because they are not strong and don’t have high stiffness, but
when combined with the reinforcement material within certain combinations

will gain properties of a good make it suitable for use in different fields [34,35].

2.6 Properties & Application of Polyester

Polyester resins are characterized by having a lot of physical properties at
room temperature where it has a pink color transparent, solid and with fixed
dimensions after the process of forming, configuration easy, could be processed
quickly and with the viscosity ranging from (500-1000) centipoises, time of
hardened (converted to gel material) takes 20 minutes, the percentage of styrene
in which the range of (32-40)% and the qualitative weight or Relative density
(1.2) g/cm®, low cost, the percentage of shrinkage ranging between (5-8)% as a
result the shoot water molecule during the interaction, high dielectric and it
characterized high resistance to water and chemicals materials [34,36]. the
polyester can be used in many industries such as Chips, movies and some types
of electrical insulators because of the insulation and high electric stability, and
enters in the manufacture of composite materials that used structures of the
aircraft industry and lining sidewalks as well as polyester fibers used in the

manufacture of carpets and fabric parachutes [35-39], as used in the manufacture
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of fire hoses, ropes, fan blades and radio screens, helmets race car drivers and
industry caravans[40,41], Also used for construction such as doors, windows,
bridges and marine industries as well such as shipbuilding and fishing rods

because of the low density, high tensile strength and high impact strength [42].

2.7 Polyester Resin Types

Polyester Resins can be divided into two types: -

1- Saturated Polyester Resin are those materials prepared from the multiple
monomers aggregates effective so that the cross linking process occurs during
reactions of the multiple esters, and this type called “Saturated cross linking
polyesters” and using in the manufacture of fibers and films.

2- Unsaturated Polyester Resin are those materials that are a process of cross
linking by independent additional polymerization reaction Through active dual
bonded in the main structure of the polyester is known of this type “unsaturated
polyester resin”. It consists of chains of polymer dissolve in effective organic
solvents by additions accelerators and assistance (catalysts) materials to the resin
when it is in the liquid state, and operate accelerators to accelerate the reaction
speed at room temperature and add this materials to occur chemical reaction
without shedding any pressure then consists of compound of solid three-
dimensional, can be defined unsaturated polyester resin as a industrial polymer
in which the repeated components that forming molecular chains of the ester

type and chemical formula are:-[43]

o

(—C-0—)

Unsaturated Polyester resin prepared of reaction its raw materials
unsaturated dual carboxylic acid and saturated dual carboxylic acid
(Terephthalic Acid) with a dual hydric alcohol (Ethylene Klykol) [44 - 46], and

by removed water between the acid and the glycol, so the ester will be linked to
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ring form and the result is to be a long series of molecules containing alternating

units of acid and glycol as in the following chemical formula:-[43]

i
Ne o) o) 0 )
o O0—R—C—C =C —C—O—R—O—C—@

After completion of reaction and the addition of monomer or the
dissolvent which represents the interference factor (cross link) (such as styrene)
with the Inhibitor and all factors necessary for the purpose of forming and then
cool the mixture at room temperature [42,43], and the change in the unsaturated
activated of aggregates density in Polymeric chains be a significant effect on
the resin and on the final characteristics, and important factors affecting the
properties of the resin is the amount of content monomer, length of polymer

chains and the amount of fillers [32,47].

2.8 Particulate Reinforcing

The particles are one of means of reinforcement to the matrix material
where it is distributed in the matrix material randomly in order to obtain
composite materials with good mechanical properties and symmetric[48], where
the advantage of composite material that is reinforced by particles as having
Equal Axial, in other words, the particles have same dimensions almost in all
directions, and reinforcement materials in particles are classified in to metallic
or nonmetallic into two main groups depending on the size of particles and on

the reinforcement mechanical:[49]
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2.8.1 Particulate Strengthening

Is one of the techniques used to strengthen the composite materials where
the principle of work similar to the dispersion strengthening because they also
work on deformities in the matrix material in addition to that they restrict the
movement of matrix material in all directions and participates matrix material in
carrying loads inflicted upon because of their large size [50], but they different
from the dispersion strengthening in terms of particles size, so the particles size
is larger than (1pum) and the volume fraction concentrations of more than (15%)
of the material composite volume [50,51].

In the process of reinforcement the particles working as barriers to distort
the matrix material because of the high hardness, non-distorted during loading.
the particles consist of several types and forms including spherical, flake, needle
and filamentous, where particles works to increase the hardness (Rigidity) of the
material, Creep resistance, impact Resistance and improve of thermal expansion
of the matrix material, it has been observed that this type of reinforcement
includes the participation of particles with a matrix material in bearing stresses
inflicted on the composite materials and the fracture occurs when exceeds the
shear stress fracture resistance to reinforcement materials [52], and the amount
of reinforcement depends on the strength of correlation between matrix material
and particles[53], and the particles must be distributed uniformly (homogenous)
within the matrix material, and the composite material particulate have Isotropic
properties, and This is in itself a large useful in the applications that require
similar properties, its examples, alumina particles and titania used in the current

search.

2.8.2 Dispersion Strengthening
This method involves dispersing particles randomly within the matrix
material where there is this kind of particles characterizes high solid, high

thermal stability and non-soluble in matrix material, the mechanism of
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reinforcement is the matrix material endure the largest part of shed stress on
composite material while dispersion particles are working as barriers impede
movement of dislocations formed in the matrix material during the process of
plastic deformation and prevent the cracks, and the extent of strengthening
depending on the effectiveness of dispersion particles on the impeded movement
of dislocations, while the volume of particles used in this type of reinforcement
Is very soft, not to exceed (0.1 um) and add the weight proportion of few
ranging from (1-15%) and different volume fraction [54-57]. this method is cost
due to the particles which used in its production have small particle size evaluate
by nanometer (10°m)[53].

2.9 Reinforcement materials

This is one of the basic components of Composite Materials where the
added Reinforcement materials to the matrix material for the purpose of
strengthening. This leads to enhance its properties and include the process of
strengthening the transfer of load hanging from the matrix material to
Reinforcement materials through the interface [58], these materials called of the
secondary phase or the reinforcement phase or embedded phase [59].
reinforcement materials consist of several materials, including ceramic or metal
or polymer are characterized in general as with high resistance, more stiffness
from the matrix material and ductility ranges between high and low depending
on the type of reinforcement material and the purpose that is used for,
reinforcement materials classified depending on the shape and dimensions as
Fibers, Particles and Flakes [60,61].

2.9.1 Alumina
This is (Al,O5), and it is called corundum (aluminum oxide crystalline) as
an extra material in metamorphic rocks such as marble and igneous rocks, rich

and poor aluminum such as cyanide, due to the hardness of the material and
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not influence by the weather is often concentrated in the form of granules are
carried in rivers streams and on the shores of the sea [62].

The bauxite (aluminum hydroxide) (Al,(OH)s) main raw material that we
get alumina from it. As contain rate alumina (40-68) % as well as varying
proportions of impurities (Fe,O3, SiO,, TiO,) that commonly used in multiple
applications in ceramics and refractories [63-65]. Alumina prepares from

bauxite heated by high temperature, as follows: -

2AI(OH), —2%c 5 Al O, +3H,0

Aluminum oxide (Al,O3z), which is called alumina is a crystalline
powder, white color, density (3.9 g/cm®). Its melting point of (2055 + 6°C), does
not dissolve in water or acid and is used as itchy as it comes after the diamond in
hardness. Furthermore, it is a good insulator of electricity. its energy gap (E.g.>
8eV) [66-68]. The dielectric strength (30kV/mm) if the purity (99.7%) and
contain (MgO 0.5%), and (18kV/m) if the purity (97%) and contain silicate [69].

Alumina is one of the most widely used thermal oxides due to the high
resistance to heat, mechanical durability and resistance to thermal shock [70].
and is used to form many articles such as spark plug cores, laser tubes, electrical
insulators, thermocouple tubes, thread guides, valve seats, medical prosthesis,
electronic substrates, grinding media, and many other products.[71] Mainly
because of proliferation of preparative methods and the range of calcining
temperature, many forms of alumina have been described. These mainly refer to
partially dehydrated and improve forms that are basically ternary oxides. Pure
alumina, a-Al,O3, has a hexagonal close packed structure. Other forms such as
B-Al,O; and y-Al,O3; precedes the a-form during calcinations of gibbsite.
Generally, The typical characteristics of alumina include: good strength and
stiffness, good hardness and wear resistance, good corrosion resistance, good
thermal stability. Excellent dielectric properties, and law dielectric constant and
loss tangent [72,73].
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2.9.2 Titania
Titanium dioxide, or titania, which exist in three forms, namely: rutile

(tetragonal), anatase (tetragonal) and brookite (orthorhombic). There are some
differences in physical (e.g. crystal structure, stability, hardness, density) and
optical (e.g. color, luster, brightness, refractive index) properties between them
[74,75]. And Crude titanium dioxide, called titanium white [76-78].

The principal raw materials for manufacturing titanium dioxide include
iIlmenite (FeO/TiO,), naturally occurring rutile, and titanium slag. The last is
produced by removing the iron from IImenite by reduction with coke at (1200-
1600°C). At these temperatures, the iron oxide is reduced to the metal, which
melts and separates from the formed titanium-containing slag, which is (70-
75%) titanium dioxide [74,75].

Rutile is the thermodynamically stable form at normal pressure and at all
temperatures up to its melting point [79]. Whereas brookite and anatase are
metastable and transformed to rutile on heating.(the transformation being
exothermic) [77]. This transformation, achieved by increased temperature or
pressure, concentration of lattice and surface defects, which mainly depend on
the synthetic method and the presence of dopants and Particle size [80].
Titanium dioxide is insoluble in water, hydrochloric acid, dilute sulfuric acid,
and organic solvents. It dissolves slowly in hydrofluoric acid and hot
concentrated sulfuric acid. It is almost insoluble in aqueous alkaline media
[74,75]. The commercial properties of TiO, can be divided into pigmentary and
nonpigmentary properties. The most important function of titanium dioxide is as
apigment for providing brightness, whiteness and opacity to such products as
paints and coatings, plastics and rubber, paper products, cosmetics, tooth paste,
printing inks, fibers and food, as well as pottery and porcelain. This function is
based on a high refractive index, a measure of the ability to bend light, of the
rutile polymorph of titanium dioxide. From this is attained the opacity, the
ability to hide. The growing number of pigment applications are in the field of

UV-light pigments in sun-blocking for people and animals, protection of wood
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and plastics, food packaging, and coatings. Particle size is important for pigment
applications;(200-300)nm particles exhibit a strong scattering of visible light
wavelengths (400-600)nm whereas (20-50)nm crystallites scatter ultraviolet
spectrum of light (200-400) nm [79]. where anatase TiO, can absorb ultra-violet
light which has wavelength less than (387) nm because it has a band gap of (3.2
eV), but it cannot absorb visible light which is between(400)nm and(700)nm
[81].

The non-pigmentary applications utilize semiconducting and dielectric
properties(Rutile is investigated as a dielectric gate material as a result of its

high dielectric constant (¢, >100), and doped anatase films might be used as a

ferromagnetic material)[80], high stability, and luminescence of TiO,. Examples
include a photovoltaic application in solar cells, a dominant position in
photocatalyst applications for oxidizing pollutants (e.g. formaldehyde, cyanide,
DDT, aromatics, surfactants, alkenes), gas sensors, electronic insulators, high
temperature catalyst supports and ceramic membranes, and optoelectronic

waveguides [79].

2-10 Nanocomposite

Production of nanoparticles with controlled size and degree of
aggregation is the goal of many research efforts. The primary driver for this
interest is the effect of particle size on their properties. One of the advantages of
using nanoparticles in a composite structure is that the particle size and
distribution can be stabilized. Materials that cannot be grown easily as single
crystals can be used at the nanoscale and dispersed in a polymer to take
advantage of the single-crystal properties. In addition, the particles can lend
properties to the polymers that they cannot achieve alone or with traditional
fillers. For example, nanoparticle-filled polymers can lead to an increase in

modulus and strength, but also maintain the polymer’s ductility. This is because
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the nanoparticles are such small defects relative to their micrometer-sized
counterparts [5,82,83].

2-11 The Electrical Properties of Nanocomposite

The electrical properties of nanofilled polymers are expected to be
different when the fillers get to the nanoscale for several reasons. First, quantum
effects begin to become important, because the electrical properties of
nanoparticles can change compared to the bulk [5,82]. where the nanomaterial
can be understood in terms of the electronic properties of the bulk. In the low-
dimensional system, the electronic wave functions are constrained by quantum
effects in the nanoscale directions. If the nanostructure has the same crystal
structure as the bulk counterpart, the electronic states of the low-dimensional
system is simply a subset of the electronic states of the bulk phase. Therefore,
the wave vector components in the nanoscale directions can only take discrete
values so that the wave vector components become quantized [84]. Second, as
the particle size decreases, the interparticle spacing decreases for the same
volume fraction. Therefore, percolation can occur at lower volume fractions. In
addition, the rate of resistivity decrease is lower than in micrometer-scale fillers.
This is probably due to the large interfacial area and high interfacial resistance.
The permittivity of polymers can also be increased with the addition of many
metal oxide fillers, on both the micro and nanoscale. The use of micrometer-
scale fillers for this application, however, results in a significant decrease in
breakdown strength due the field concentration created by the particles. One of
the significant advantages of using nanoscale fillers instead of micrometer-scale
fillers may be a reduction in the loss in breakdown strength. The breakdown
strength decreases for micrometer-scale fillers because of the field concentration
the particles create. Nanoscale fillers do not lead to as large a reduction in

breakdown strength. In addition, fundamental to controlling the breakdown
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strength of insulating polymers is the cohesive energy density and the free

volume or mobility of the polymer [5,82,83].

2.12 Dielectrics

A dielectric material is a non-conducting substance whose bound charges
are polarized under the influence of an externally applied electric field [85].
Materials have low electrical conductivity. and use insulators to prevent the flow
of the voltage to places that are undesirable or dangerous [86]. (nonmetallic)
[87].The (Article dry wood, glass, plastics, rubber and ceramics) are some
examples of insulators. Also dry air and oil to be used as dielectric. Separation
voltage passes with difficulty because the stick electrons to the nuclei to the
extent they cannot move freely from one atom to another. So when connected to
the separation electrical moves electrons through the barrier sufficient to
produce the current. According to the theory of energy bands for solids, a bundle
valance band be completely filled in the absolute zero temperature. The Energy

gap between the Valance band and the Conduction band, as show in the figure

(2-2):
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Fig. (2-2) Sketch Energy Bands at the Absolute Zero Temperature for

Insulators.[86]

The depth (energy difference) of this gap may be (10eV) and above,
where even if it is to applied an electric field, the electrons do not move a large

number in one direction, each electron is moving towards a certain to reverse
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invert another electron is moving in the opposite direction of movement because
the band is completely filled, such as these materials are called (Dielectrics). The
energy gaps of insulators vary from material to material, In general, any material
where the forbidden zone thickness is equal to more than (6 eV) be an insulator
[86]. It is worth mentioning that the insulator consists of a positive charge and
the other negative and often center of negative charges applying on positive
charge center of these molecules, but when there are these particles under the
effect of an outside electric field, the positive charge will be displaced in the
direction of field while the negative charges displaced in the opposite direction,
as a result, the Center of positive charge is no applying on the center of negative
charges, but separated by a small distance and then say that the molecule has
become induced dipole moment (polarized) [88]. But if the electric field is very
large, this could lead to the acquisition of electrons of energy for conduction and

so insulation broken [86,89].

The principal conditions in insulators are:

1. Having a high dielectric strength enough to withstand the electric field
between the conductors poles

2. Having good resistance to movement of the spark spin-off to prevent damage
in the curved electric spark.

3. Having a high insulation resistance to prevent current leakage through the
conductors.

4. Being consistent under different extensive environmental conditions.

5. Having sufficient mechanical properties to resist vibrations, shocks, and

other mechanical force.

Main classification for the types of insulation at the temperature can be made

clear in the following table (2-1):
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Table (2-1) Main category of the types of insulators at 20°C temperature.
[4,14]

Dielectrics Materials Examples

Ceramic Alumina, porcelain, Diamond,....etc.
Glass Soda Lime, Pyrex,....etc.

Elastomer Butyl,Natural Rubber, Polyurethane, etc.
Mica

Paper (dry)

Polymer Acrylic, celluleose, Acetate, Melamine,

Polyethylene (high density, low density),
Polyvinyl chloride (rigid, flexible),...etc.

Insulators are used in many kinds of electrical and electronic equipment
for example, covering wire and wire bands that conduct electricity from
generating stations to homes and offices by insulators materials to prevent the
current leakage. and use of insulators also capacitors to increase its capacity to
store electric charge. When working in the field of equipment with high voltage,
used electrical tools with handles, plastic or rubber and wear shoes with rubber

soles in order to avoid damage caused by electrical shock [86].

2.13 Classification of Dielectric materials:

Through the relationship between the electric field and polarization an
insulating materials can be classified to:
1- Permanent Polarization: Materials that are polarized in the absence of the
electric field [90].
2- Linear Dielectric: include the materials that do not change the ability of the
material for electrification and permittivity with polarization and intensity of
the electric field, and each of the permittivity and electrification ability function

of the position and divided into: -
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A-Linear Isotropic Dielectric: although the electrification ability and
permittivity do not depend on polarization and the electric field, there is a
similarity in the trends, the applicability of any asymmetric electrifying and
permittivity of the corresponding directions are equal, but they can remain
dependent on the position [91].

B-Linear Isotropic Homogeneous Dielectric: These materials have the same
qualities of insulators in the category (a) In addition; these materials do not
depend on any position that the change in permittivity and electrifying
scalability for the position is equal to zero [90].

3-Non-Linear Dielectric: Substances that have the existence of a functional
relationship between electric field and electrical displacement and constants (the
ability of the material for electrifying and permittivity), and the relationship
between them is sometimes complex, the ceramics are located within this
category, and include this insulations properties are: Ferroelectric, Piezoelectric
property [92-94].

2.14 Polarization

Electrical insulators have very few free electrons to take-part in normal
electrical conductivity. Such a material has interesting electrical properties
because of the ability of an electric field to polarize the material to create
electrical dipole, thus insulating material moleculars are called (Non polar
molecules) [95,96]. As well as appearing dipole in a material in the presence of a
field, dipoles may be present as a permanent feature of the molecular structure.
Such dipoles are called (Permanent dipoles) in which the center of the positive
charge does not coincide with the center of the negative charges such insulating
material molecular are called (polar molecules). Induction of the dipoles is
called electric polarization [97].

Phenomenon of polarization (P) down to the change in the arrangement of

electrically charged particles of a dielectric in space, or is the surface charge
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density in a dielectric, equal to the dipole moment per unit volume of material
being defined as follow:
P=Nm ..(2-1)
where:

N: is the number of dipoles per unit volume.

m: is the average dipole moment.

The electric dipole moment corresponds to two electric charges of
opposite polarity £q separated by the distance (d)[98]:
m=qd ..(2-2)

We can represent the electrical displacement (D) as the sum of the electric

field (E) at a given point of dielectric and the polarization at the same point:
Where:

& is the permittivity of vacuum (8.85x10™2 F/m)
The relationship between the electrical displacement and the electric field

through a dielectric medium is:
D=¢¢E ..(2-4)

gr. 1s called the relative permittivity or dielectric constant of the medium,

for vacuum ¢,=1, so

D=¢E ..(2-5)
By substitute equation (2-4) in (2-3) we get [99,100]:

P=¢,¢E-¢,E

P=¢, (s -1)E ...(2-6)
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2.15 Types of Polarization:
2.15.1 Electronic Polarization

Electronic polarization may be induced to one degree or another in all
atoms. It results from a displacement of the center of the negatively charged
electron cloud relative to the positive nucleus of an atom by the electric field.
This polarization type is found in all dielectric materials and, of course, exists
only while an electric field is present. as shown Figure (2-3a).

2.15.2 lonic Polarization

lonic polarization occurs only in materials that are ionic. An applied field
acts to displace actions in one direction and anions in the opposite direction,
which gives rise to a net dipole moment. As shown figure (2-3b).

2.15.3 Orientation Polarization

The third type, orientation polarization, is found only in substances that
possess permanent dipole moments. Polarization results from a rotation of the
permanent moments into the direction of the applied field. This alignment
tendency is counteracted by the thermal vibrations of the atoms, such that
polarization decreases with increasing temperature. as shown Figure (2-3c) [87].
2.15.4 Interfacial Polarization.

The final type of polarization is space-charge polarization, sometimes
called interfacial polarization, and results from the accumulation of charge at
structural interfaces in heterogeneous materials. Such polarization occurs when
one of the phases has a much higher resistivity than the other, and it is found in a
variety of ceramic materials, especially at elevated temperatures [20,101].

Other polarizations that based on the composition chemical of the material
and its components and its called (Interfacial or space charge polarization), that
occurs at frequencies of low little and very under audio waves, depending on
the type of defects and heterogeneity that causes the polarization [102]. as
shown Figure (2-3d).
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Fig. (2-3) Schematic diagram for the types of polarization.[20]
a) Electronic Polarization
b) lonic Polarization
¢) Orientation Polarization

d) Space charge Polarization
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2.16 Dielectric Properties:

The outstanding feature for insulator materials in the field of electricity is
the dielectric properties. Though there are many properties of dielectrics, yet the
following are important from the subject of view:
1-Dielectric Constant.
2-Dielectric Loss.
3-Dielectric Strength (Breakdown Voltage).

2.16.1 Dielectric Constant

The permittivity means the charge storing capacity of a material. Consider
two metal parallel plates of area (A) separated by a distance (d), in vacuum,
attaching these plates to an electric circuit, the capacitance C, of the parallel
plates given by:
EA

d

If a dielectric material is inserted between the capacitor plates, the

C, = (2-7)

capacitance (C) of the parallel plates will increase, as following:

gA
C=— ...(2-8
5 (2-8)
Where:

€: 1s the permittivity of the dielectric material.

The relative permittivity, dielectric constant, of a material (g;) defined as:
g =— ..(2-9)

Since € is always greater than g, , the minimum value for & is (1). By

substitute equs. (2-9 in 2-8), the capacitance of the metal plates separated by the

dielectric is
C=¢ gaA .(2-10)
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C=¢C, ..(2-11)

Thus ¢ is a dimensionless parameter that compares the charge-storing
capacity of a material to that of vacuum. Dielectric constant depends upon the
frequency of the applied electric field. It decreases with the increase in

frequency. Dielectric constant also depends upon temperature [87,92,103].

2.16.2 Dielectric loss

When an electric fields acts on any matter the latter dissipates a certain
quantity of electric energy that transforms into heat energy. This is known as
"loss" of power, i.e., the dissipation of an average electric power in matter
during a certain interval of time. If a metal conductor is first connected to direct
voltage and then to alternating voltage, the acting magnitude of which is equal to
direct voltage, the loss of power (P,, in watt) in the conductor will be the same in

both cases in conformity with the Joul-lenze law and equal to [92,104]:
P, =V?*R ...(2-12)

Where V is the voltage in volt and R is the resistance of the conductor in
ohms. As distinct from conductors, most of the dielectrics display a
characteristic feature, under a given voltage the dissipation of power in these
dielectrics depends on the voltage frequency.

The expense of power at an alternating voltage is markedly higher than at
a direct voltage, and rapidly grows with an increase in frequency, voltage, and
capacitance, and also depends on the materials of the dielectric.

A dielectric loss is an amount of power loss in an electrical insulator.
Dielectric losses at a direct voltage can easily be found from eqgn. (2-12) where
R stands for the resistance of the insulator, while the losses under an alternating
voltage are determined by more intricate regularities. When considering
dielectric losses we usually mean the losses precisely under an alternating
voltage. Let the alternating voltage (V=V,exp(jot)) be applied to a circuit

31



Chapter two Theoretical Background

containing a capacitor, with air as a dielectric medium. The current (I) passing

through the capacitor according to Ohm's law.

X (2-13)
Where X_ is the impedance of the capacitor of a capacitance C
1
X =—— ..(2-14)
Clo

Considering the dielectric material in a capacitor (C), ®=2xnf, where, ® is
the angular frequency f is the frequency

=1

The current | may be calculated by substitute equation (2-11) in (2-14)
and the result in equation (2-13) as follow,
| = jwe,CV ...(2-15)

The current | in a dielectric is 90° advanced in phase in relation to the
voltage as shown in Figure (2-4), this implies that we have a capacitive
component of the current, then the heat for the system equal to zero, thus the

energy is transferred in a dielectric with out losses and emission of heat "ldeal

dielectric".

Fig. (2-4) Show simplified diagram of currents in a loss dielectric.[92]
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In actual fact the phase angle ¢ is slightly less than 90°, the total current |
through the capacitor can be resolved into two components active (resistive
current) 1, and reactive (capacitive current) I, currents [105].

The phase angle is very close to 90° in a capacitor with a high quality
dielectric, the angle 6 is a more descriptive parameter which, when added to the
angle o, brings the angle ¢ to 90°.
0=90°-¢ ...(2-16)

The angle 6 is the dielectric loss angle. If 6 is small, therefore sind = tand.

The tangent of this angle is equal to the ratio between the active and reactive

currents:

ta\néz:—a ..(2-17)

;
tano is the dielectric loss tangent or dissipation factor. It is important to note that
the dielectric response of a solid can be succinctly described by expressing the

relative dielectric constant as a complex quantity,

e ..(2-18)

& r r

I’:g

In which &!is the real component of dielectric constant of the material, and &/ is

the imaginary component, is known as the dielectric loss factor [106,107].

We can find the value of I, and I, by substituting equ. (2-18) in equ. (2-15):

| =jo(s - je)C V ...(2-19)
| =we! CV+ jowe,CV ..(2-20)
The total current (1) in terms of the components I, and I, are:

I =1+ ]I, ..(2-21)
|, =we’CV ..(2-22)
|, =we,CV ..(2-23)

By substituting equations (2-22) and (2-23) in egn. (2-17) we can get
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"

g
tano =—- ..(2-24)
gr
The quality factor (Q) of an insulator portion is determined, the reciprocal

value of the loss tangent [108]:
Q=1/tand =coto ...(2-25)

The expression form for the value of dielectric losses P,, in an insulation

portion having a capacitance C [109]:
P, =Vl =Vl tano ...(2-26) .

2.16.3 Dielectric Strength

The average potential per unit thickness at which failure of the dielectric
material occurs [110]. Whichever, the magnitude of the electric field required to
cause dielectric breakdown is called the dielectric strength [20,111]. When
applied to a strong electric field on the insulator is higher than the value of the
specific critical,the relatively high electrical current will apply, So the insulation
properties of the insulator will lose and become a conductor [112]. The voltage
that occurs then the breakdown is called (Breakdown Voltage). When divided by
the thickness of the samples [113]. As equation following [4,114]:

breakdown voltage

: _ (2-27)
insulator thickness

Dielectric strength =

E,,: Dielectric strength, and calculated by units: (KV/mm) or (V/mil) [115].

U,, :break down voltage, h:insulator thickness.
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When very high electric fields are applied across dielectric materials,
large numbers of electrons may suddenly be excited to energies within the
conduction band. as a result, the current through the dielectric by the motion of
these electrons increases dramatically; sometimes localized melting, burning, or
vaporization produces irreversible degradation and perhaps even failure of the
material [87,116]. Typical dielectric strengths of polymers are in the range of
(20-50)kV/mm, which are approximately (2-10) times higher than ceramics and
glasses and are hundreds of times higher than conducting metals and alloys. The
dielectric strength for oxide ceramic insulators lies in the range (1-20) kV/mm,
with the value of (9) kV/mm for Al,O; being typical[20] and dielectric Strength
can be reduced by Cracks, impurities and pores [113].

A breakdown can be seen in the material by watching one of the following
cases: -
1. Hole in the sample, which occurs when reach the real electrical durability of
the insulation.
2.Burn or melt, which occurs when the material is heated locally and
breakdown, occurs [117].
It is important to notice that the dielectric strength of insulation vary depending
on where in the applying-voltage (d.c) give (25-30%) values higher than the
voltage (a.c) at the frequency (60Hz) [118], as in NaCl, where the value of E,,
(3.8 x 10* kV/cm) in the (d.c) while the (1.4x10° kV/cm) in the (a.c), and this
difference can be attributed to the loss of relaxation [119]. When alternating
voltage is applied on insulator, there are several phenomena that occur in the
insulator from electrical conduction and polarization, as the lead increased
voltages on the insulator to increase the flow of leakage current and capacitance
current for alternating voltage, and upon the arrival of voltage to the greatest
value, which represents the state of the breakdown of the insulator it is in this
moment pass conduction current is within the insulator and increasingly after the

voltage of decreasing due to reduced resistance to insulator, and this situation
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often represent a circle between the source poles. The breakdown of solid
insulators describe all stages of isolation, where a crash of the material, the
phenomenon consists of the speed rise of the current for voltage above a certain
value, can be described graphically the relationship between the current and the
voltage in three regions. as in Figure (2-5) :

The first: In the region (1): - The relationship to Ohm's law with a high current
linearly with increasing voltage until it reaches to the values not exceeding
micro amper.

The second: In the region (I1): - saturation region where the current remains
constant despite increasing voltages.

The third: In region (I11): - an increase in current is increasingly voltages

above a certain value, which is breakdown voltage (Ubr) [119].

O
I Ubl‘ I
Fig. (2-5) Shows the relationship between Current and Voltage In The Solid
Insulators. [119]

The mechanism of failure and the breakdown strength changes with the

time of voltage application and for discussion purposes it is convenient to divide
the time scale of voltage application into regions in which different mechanisms
operate [120]. As shown in Figure (2-6)
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Fig. (2-6) Mechanisms of Failure and Variation of Breakdown Strength in
Solids with Time of Stressing.[120]
2.17 The Main Types of Breakdown that occur In Insulators
2.17.1 Intrinsic Breakdown:

Correlate defines of The Intrinsic Breakdown to solid materials by pure
material characteristics, and empty of defects under test circumstances that lead
to break down at maximum voltage. The real Intrinsic Breakdown that cannot
get it by experiences but the measures at low temperature and applying voltage
(d.c) to short periods .it can reach to pure value [121].

This type of breakdown has to do with the presence of free electrons is a
noticeable phenomenon in alkali halides, mica, glass and others. It occurs under
room temperature [119]. Increasing electric intensity of the solid material
rapidly under the influence of voltages very short period to the maximum that is
called (Intrinsic Electric Strength) and get this VValue practically under the best
circumstances the process when removed externalities where the value depends
on the type of material and the temperature only [122].

Characterized by self-breakdown of the following advantages:
1. Short time of increasing voltage up sometimes to microseconds (108 107)sec
and the breakdown occurs at once after applying the voltage then the so-called

pure breakdown.
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2.The little dependence to dielectric strength and breakdown voltage with a
frequency voltages and this property is necessary to compare the values of the
peak voltage affecting whether a pulses or sine wave voltage.

3. If the influence of the regular electric field on insulator, the dependence of the
dielectric strength on the insulator material dimensions and its pole, is a little bit
[92].

4. Little dependence of the dielectric strength on the temperature [123].

2.17.2 Electrothermal Breakdown

The presence of the electric field produces a voltage applying on
insulation material heat. Therefore dielectric loss continues more. Elecrtoth-
ermal breakdown develops as follows: voltage applied to the insulation material
produces heat, which leads to raising the temperature of insulation material and
the loss continues even further. The most accurate theory of the Elecrtothermal
breakdown developed by the two Sovitien researchers (Fok and Semenov).
According to this theory, the breakdown voltage of the homogeneous insulator

layer in a state of Elecrtothermal breakdown (under alternating voltage) will be

equal to:

U =382 |— 7 o(ph) (2— 28)
" featans

Where:

Ubr: Breakdown Voltage, (kV).

A . Coefficient of Thermal Conductivity, (W/(m.K)).

f : Voltage frequency, (Hz).

&, 6,. Permittivity and loss angle at initial temperature before applying voltage
on the insulator .

a : Thermal Coefficient of dielectric loses factor, (K™).

h: Thickness of the Insulator, (m).
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A Coefficient of describes retrieval the heat from insulator to the environment.

Where:

B

_ Ao .
22(A, + oh)

4, . Coefficient of thermal conductivity of the poles material.

(2 29)

o . Coefficient of thermal conductivity from poles to the environment
(W/(m?.K)).

h,: Thickness of Pole, (mm).

When the dimensions of (sh) high and increasing, the function ( ¢(sh)) can be
equal to (0.662) approximately. In the case if the poles is very thin, we assume

(h, = 0) in equation (2-29) and which can get a simplified expression for the

limit (3):

= O - _
p =95, m (2-30)
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Fig. (2-7) draw to function ( ¢(sh)), and the (x-axis) logarithmic. [92]
As follows from equations (2-28) and (2-29) for the thickness of the insulating
layer is very large (h, =), there must be (h =) and ( @(Bh)=0.662), S0

Uorwhen (h, =), is gaining a maximum specific value:
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U =253 |- * kv (2—31)
featano,

In the state of Elecrtothermal breakdown, the dielectric strength of the materials
can guess its dependence on:

1. Voltage frequency, dielectric strength decreased with frequency increased.

2. The temperature, dielectric strength decreased with temperature increased.

3. The time during the application of voltage [92,120].

When applying electric field to the insulator at room temperature, so the
Conduction Current is in general very little, but its value increases rapidly with
the temperature of the crystal. The heat generated from the current conduction
will arrive partially to the environment and absorbed in partially to raise the
temperature of the crystal which in turn will increase the average generated heat.
If the average of heat generation at any point in the insulator exceeds the rate of
heat lost to the outside, produces then non-stabilizing and can be the sample of
submission to the thermal breakdown [124,125].

There are several factors affecting on the thermal breakdown voltage of
the polymers like geometrical structure, size (especially thickness), thermal
conductivity, specific heat of polymer, environment heat (ambient), the rate of
increase in voltage, the value of the (tans) and change its with temperature, and

relative dielectric constant [121] .

2.17.3 Electromechanical Breakdown:

During the test insulator breakdown, the poles that touched surface of the
sample will shed exert forces on the sample surface by Coulomb's attractive
mutual of the poles (Coulomb attraction of the electrodes).

Substances which can deform appreciably without fracture may collapse
when the electrostatic compression forces on the test specimen exceed its
mechanical compressive strength. The compression forces arise from the
electrostatic attraction between surface charges which appear when the voltage
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is applied. The pressure exerted when the field reaches about 10° \V/cm may be
several kN/m?. Following Stark and Garton, if do is the initial thickness of a
specimen of material of Young’s modulus Y, which decreases to a thickness of d
(m) under an applied voltage V, then the electrically developed compressive

stress is in equilibrium with the mechanical compressive strength if [120]:

ee Y —ym (d—j (2—32)
2d? d
or.
V? = 2vd In (d—)
E.E, d

Where ¢. and ¢, are the permittivity of free space and the relative permittivity of
the dielectric.

Differentiating with respect to (d) we find that expression (2-32) has a
maximum when [d/do= exp [-1/2]] = 0.6 . Therefore, no real value of V can
produce a stable value of d/do less than 0.6 . If the intrinsic strength is not
reached at this value, a further increase in V makes the thickness unstable and

the specimen collapses. The highest apparent strength is then given by:

4
e =Y _9¢ of 2- 33)
d. d. E.E,

This treatment ignores the possibility of instability occurring in the lower
average field because of stress concentration at irregularities, the dependence of

Y on time and stress, and also on plastic flow [122].

2.17.4 Streamer Breakdown

Under certain controlled conditions in strictly uniform fields with the
electrodes embedded in the specimen, breakdown may be accomplished after the
passage of a single avalanche. An electron entering the conduction band of the
dielectric at the cathode will drift towards the anode under the influence of the

field gaining energy between collisions and losing it on collisions. On occasions

41



Chapter two Theoretical Background

the free path may be long enough for the energy gain to exceed the lattice
ionization energy and an additional electron is produced on collision. The
process is repeated and may lead to the formation of an electron avalanche
similar to gases [120].

Figure (2-8) is shown a cross-section of a simplified example represents testing
of a dielectric slab between sphere-plane electrodes. Ignoring the field

distribution, i.e. assuming a homogeneous field,

Ambient
dA

AL
.?I Solid

/////"‘—"\/r’r’\f/f‘/

Puncture due to Puncture not due to
ambient discharge ambient discharge

el

4+ = -

DA

Fig. (2-8)Breakdown of Solid Specimen due to Ambient Discharge-Edge
Effect.[120]

If we consider an elementary cylindrical volume of end area dA spanning the
electrodes at distance X, then on applying the voltage V between the electrodes,
a fraction V1 of the voltage appears across the ambient given by:

v -V (2 34)

T
82

here di1 and d2 represent the thickness of the media 1 and 2 in Figure (2-8) and

e1and &2 are their respective permittivities. For the simple case when a gaseous
dielectric is in series with a solid dielectric stressed between two parallel plate
electrodes, the stress in the gaseous part will exceed that of the solid by the ratio
of permittivities. For the case shown in, the stress in the gaseous part increases
further as x is decreased, and reaches very high values as di becomes very small

(point B). Consequently the ambient breaks down at a relatively low applied
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voltage. The charge at the tip of the discharge will further disturb the applied
local field and transform the arrangement to a highly non-uniform system. The
charge concentration at the tip of a discharge channel has been estimated to be
sufficient to give a local field of the order of (10 MV/cm), which is higher than
the intrinsic breakdown field. A local breakdown at the tips of the discharge is
likely, therefore, and complete breakdown is the result of many such breakdown
channels formed in the solid and extending step by step through the whole
thickness. The breakdown event in solids in general is not accomplished through
the formation of a single discharge channel, but assumes a tree-like structure as
shown in figure (2-9) which can be readily demonstrated in a laboratory by
applying an impulse voltage between point-plane electrodes with the point
embedded in a transparent solid, e.g. (plexiglass). The tree pattern shown in
figure (2-9) was recorded by Cooper with a 1/30 psec impulse voltage of the
same amplitude. After application of each impulse the channels were observed
with a microscope and new channels were recorded. Not every impulse will
produce a channel. The time required for this type of breakdown under
alternating voltage will vary from a few seconds to a few minutes. The tree-like
pattern discharge is not limited specifically to the edge effect but may be
observed in other dielectric failure mechanisms in which non uniform field
stresses predominate [120,125,126].
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Fig. (2-9) Breakdown channels in plexiglass between point-plane
electrodes.[120]

2.17.5 Erosion Breakdown

Practical insulation systems often contain cavities or voids within the
dielectric material or on boundaries between the solid and the electrodes. These
cavities are usually filled with a medium (gas or liquid) of lower breakdown
strength than the solid. Moreover, the permittivity of the filling medium is
frequently lower than that of the solid insulation, which causes the field intensity
in the cavity to be higher than in the dielectric. Accordingly, under normal
working stress of the insulation system the voltage across the cavity may exceed
the breakdown value and may initiate breakdown in the void [120]. lately,
informations level about Erosion breakdown exposed from researchers Mason
and Kreuger [124,125]. Figure (2-10) shows a cross section of a dielectric of
thickness d containing a cavity in the form of a disc of thickness t, together with
an analogue circuit. In the analogue circuit the capacitance Cc corresponds to the
cavity, Cb corresponds to the capacitance of the dielectric which is in series with
Cc, and Ca is the capacitance of the rest of the dielectric.
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Fig. (2-10) Electrical discharge in cavity and its equivalent circuit.[120]

For t << d, which is usually the case, and assuming that the cavity is filled with
gas, The voltage across the cavity is:
V.=V b (2— 35)
d
Where ¢ is the relative permittivity of the dielectric.

Under an applied voltage Va when Vc reaches breakdown value V* of the
gap t, the cavity may break down. The sequence of breakdowns under sinusoidal
alternating voltage is illustrated in figure (2-11) The dotted curve shows
gualitatively the voltage that would appear across the cavity if it did not break
down. As Vc reaches the value V', a discharge takes place, the voltage Vc
collapses and the gap extinguishes. The voltage across the cavity then starts
increasing again until it reaches V", when a new discharge occurs. Thus several
discharges may take place during the rising part of the applied voltage.
Similarly, on decreasing the applied voltage the cavity discharges as the voltage
across it reaches V'. In this way groups of discharges originate from a single
cavity and give rise to positive and negative current pulses on raising and
decreasing the voltage respectively [120]. When the gas in the cavity breaks
down, the surfaces of the insulation provide instantaneous cathode and anode.
Some of the electrons impinging upon the anode are sufficiently energetic to

break the chemical bonds of the insulation surface. similarly, bombardment of
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the cathode by positive ions may cause damage by increasing the surface
temperature and produce local thermal instability. Also channels and pits are
formed which elongate through the insulation by the ‘edge mechanism’.
Additional chemical degradation may result from active discharge products, e.g.
O; or NO,, formed in air which may cause deterioration. Whatever is the
deterioration mechanism operating, the net effect is a slow erosion of the
material and a consequent reduction of the breakdown strength of the solid
insulation [120,124-126].

Fig. (2-11) Sequence of cavity breakdown under alternating voltages.[120]

2.18 Factors Affecting on the Dielectric Strength

We cannot describe the breakdown mechanism within a fixed factor that
change with it ,because the testing requirements will change during the
measurement, where the factors are interrelated and influence on each another.
[92,119].
We will expose these factors as follows:
1- Internal Structure of the Insulator

Where the dielectric strength depends on internal structure of the insulator
in terms of homogeneity and purity, as the presence of defects such as
dislocations or interacted crystals as possible to cause the electrical connect
paths, as well as the electrons that found because impurity atoms or excited heat
gives the energy due to the applying field and these produce (electrons) due to

atomic electronic collisions. If any of the electrons got enough energy to create a
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pair (electron - hole) by electron collision of an electron, after that the extra
electrons will collide and break by similar manner and breakdown happened
[112].
2- Engineering and the Type of Poles

The poles between the source of high voltage and the insulator effect on
the dielectric strength, where increasing the area of the poles (in comparison to
the dimensions of the insulator) reduces the break voltage and that the increasing
points of the penetrating of the insulator and the possibility of a break in the
weakest of those points, as well as affect the geometry and the type of poles in
the possibility of a burn or melt or crack in the insulator [92,119].
3- Humidity

Effect of humidity on the dielectric strength insulator, where dielectric
strength decreasing when the amount of humidity content increased, the
influence of humidity increases with increasing temperature [92,121].
4- Frequency

The losses in alternating fields are much higher than the continuous fields,
because the loss in the relaxation phenomenon such as the movement of dipole
depends on the rate of change of field, and as a result of this the intensity of
Electrothermal breakdown be less of alternating fields and decrease by the
source voltage frequency increase [126]. It is mention that the intrinsic
breakdown doesn’t depend as much as on frequency, while electrothermal
breakdown depend greatly on frequency [92,119].
5- Thickness of Insulator

The dielectric strength changing with a thickness of insulator is not linear,
but decrease to an increase of thickness, that prefer to measure the dielectric
strength when thickness be little to estimate the value of breakdown accurately,
and can explain why the decrease to the difficulty of heat recovery and taking

out from the insulator to the environment, leading to increase dielectric loss and
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decreased dielectric strength. Also, the increase in thickness reduces the electric

field generated by the applying voltage [92,122]. As shown in figure (2-12)
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Fig. (2-12) Effect of thickness on the dielectric strength.[119]

6-Temperature

Influence of temperature on the electrical breakdown where it's in
intrinsic breakdown affect on the interaction of an electron—phonon, At low
temperatures (T<<25°C) the phonon interactions are weak, so that the electrons
gain more energy in the electric field and be able to generate many of the free
electrons, and Breakdown voltage be relatively low. The Breakdown Voltage at
room temperature taken maximum values where the phonon interactions are
important but less than under room temperature as long as the thermal vibration
can generate new electrons and the intrinsic breakdown strength less dependent
on temperature. The Electrothermal breakdown is most common in the ceramic
insulators the influence of the temperature effect is clear as the reasons for the
breakdown can be attributed to the temperature of the environment or loss of
connectivity, which generate heat at a faster rate than the rate of disposal and
removal, this leads to increased local heat. In general, the dielectric strength

decreases with increasing temperature as shown in figure (2-13)[119,121,127].
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Fig. (2-13) Effect of temperature on dielectric strength.

7- Voltage Elevating Average

The voltage elevating average is a function of the dielectric strength in
solid materials, where the voltage elevating average determines type of
breakdown, where the range (10®-1 sec) is the extent of intrinsic breakdown,
while the range (0.1-10° min) is the extent of electrothermal breakdown. Where
applying voltage more time increases the possibility of occurring a
Electrothermal breakdown. Since the behavior of electrothermal breakdown
associated with the time rate of rise of voltage, which can lead to local heat to
the material as the loss of electrical power over time leads to raise the
temperature more and more local connectivity, in addition to this, voltage
elevating average possible cause cumulative effects of the collision (chemical
and electrochemical) and corrosion, which in turn destroy the material and
speeds up the breakdown by heating. Also, the increase in voltage elevating
average leads to reduce the time required for two collisions consecutive for the
same electron, leading to speed in a process of ionization and thus the speed of
the breakdown , the lack of stability and evaporation that occurs due to the

increase localized in temperature leads to the passage of high currents, which in
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turn lead to hole insulator. It was found that voltage elevating average and
temperature effect on the behavior of breakdown of some ceramics, where
depends on the conductivity characteristics and structure. Accordingly, in the
medium temperature based on voltage elevating average [105,119,121,128].
There are several from affecting factors on dielectric strength such as the time
during voltage applying, samples environment, method of applying field(d.c,

a.c, pulses....... etc.), samples ageing, mechanical stress, porosity...etc.
[92,129,130].
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3.1 Introduction

This chapter deals with the practical side of the research and includes
three main points which they are: -

First: the definition of raw materials were used in the preparation of composite
materials clarify the properties, general characteristics and demonstrate the
importance of their role in the composite material.
Second: the reference of how to prepare templates for manufacturing composite
materials, how to prepare specimens for each test and methods of testing as well
as view some pictures before and after the examination and diagrams of the
geometric shapes of these samples and systems of international standard
established for the purpose of preparing the samples used in the research.
Third: The tests that were made in research and represent of physical testing
following: -
1. Measuring the dielectric strength.
2. studying the factors influencing on the dielectric strength are:

A - The effect of thickness.

B - Effect of the voltage elevating average.

C - The effect of number of breakdowns.

3. Testing of the LCR meter.

4. Examination by x-ray diffraction.

5. Optical microscope examination.

With the definition of the equipment used to conduct these tests in terms
of type and point of manufacture side, before turning to these points to be
identified over the course of technological process steps used in the current
research to form a complete idea on the progress of the production of samples
and tests used in current research, and the fig. (3-1) illustrates this.
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Preparing raw material

(unsaturated polyester + aluminum dioxide powder + titanium dioxide powder)

Preparing suitable template

Mixing the material

matrix(unsaturated polyester weight + hardener weight) + reinforcement material (Al203 weight + TiO2 weight)

Sample casting
Waiting for (24) hours

Heat treatment in (70C°) (post curing)

Cutting and soften samples to be ready for testing

Physical testing

Optical microscope LCR measurement Dielectric strength testing

Effect of number of breakdowns  Effect of the voltage elevating average

XRD testing

Thickness effect

Fig. (3-1) Technological Process Steps Used in The Current Research.
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3.2 Raw Materials

The materials that are used in the preparation of the research samples for
this research consist mainly of matrix polymeric material (unsaturated polyester)
(UP), which reinforced layer by aluminum dioxide powder and titanium dioxide
powder, which are as follows:
3.2.1 Matrix Material

The Unsaturated Polyester resin (UP) used as a matrix in the preparation
of polymer composite material made by (SIR) company from Saudi Arabia. This
resin in the form of a viscous liquid, transparent pink color at room temperature
and it is one of the types of thermosetting polymers. The resin converts from a
liquid to the solid state by adding Hardener which manufactured by the same
company itself is a Methyl Ethyl Keton Peroxide and is symbolized by the
(MEKP) and be in the form of a transparent liquid is added to unsaturated
polyester resin by rate of 2 gm per 100 gm of resin at room temperature.
Motiving materials like cobalt naphthalene was used to increase the speed of
hardened which interact as a catalyst called accelerators, then it was mixed
directly with the resin, and it also the same company products, the way of its
preparing is by the interaction of naphthoic acid with cobalt oxide. After that
this liquid is added by quantity of (0.5) gm. per (100)gm. of resin. Its low cost,
fast hardening and gives a violet color to the polyester resin then it helps for
absorbing Ultraviolet (UV) rays which is the major factor in the hardening of the
polyester. for increasing the proportion of added accelerator will lead to a
hardening of abnormal for the resin (process of suddenly hardening), and
when completion of the addition of hardener (MEKP) to the resin, the process of
blending begin directly depending on the mixing manual for a period (10-15)
minutes using the rod glass to be in homogeneity mixture, but does not favor
over this period time because this will lead to make the viscosity of the mixture
is very high with high temperature, which lead to accelerate the process of

hardening, thereby hindering the process of pouring the mixture into the
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template as well as that will make the final product content the air bubbles
eventually lead to the failure of the sample so we should avoid this situation, the
Interaction that causes hardening of the mixture is the interaction of the emitter
of heat (exothermic reaction) any emission of heat during the Cross linking
process. So it should be mixing within the vessels with surface area appropriate,
also a material container must be heat conducting to ensure the transmission of
reactions heat to the external environment, knowing that the period of hardening
of the polyester is not less than three hours at room temperature. In order to fully
completing the process of hardening and reducing the rate of contractions and
increased bonding between the particles of matter, and then placed the sample
after hardening in an electric oven in temperature of (60) °C for a period of (90)
minutes This process is called fast treatment (post curing) and after the
completion of this process the sample becomes ready for a final examination,
Table(1-3) shows the most important properties of unsaturated polyester that
used in the research, according to the manufacturer specifications.
Table (3-1) shows the characteristics of (UP) by the manufacturer
specifications.
Density Thermal | Specific = Coefficient | Fracture @ Tensile = Percent ' Modulus
gm/cm® | conductivity | Heat = of thermal  Toughness ' strength = Elongation of
W/m°C | Jkg. K @ expansion = Mpam® = Mpa (EL%) | elasticity
10°Cc)* Gpa
1.2 0.17 710-920 = 100-180 0.6 41.4-89.7 <26 2.06-4.41

And the table (3-2) shows electric characteristics to the unsaturated polyester.

Table (3-2) Shows Electric Characteristics of (UP).[20]

Resistivity Dielectric strength Dielectric constant, 60 Hz
1014 Q.cm 15-20 V/um 3.0-44
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3.2.2 Reinforced Materials:

Two types of materials used in this research as reinforced Materials for
the matrix material (UP) and they are: -
1- Aluminum Dioxide powder (Alumina)
The kind of aluminum Dioxide powder (Al-Os) with different particles sizes that
used are:
The first: Micro Aluminum Dioxide powder German origin, prepared from a
company (RIEDEL-DE HAEN AG). The figure (3-2) represents x-ray analysis

of the micro alumina powder and the specifications show in the table (3-3).

Table (3-3) specifications of micro alumina by the manufacturer.

Density Purity Particle size Type Color

3.72 (g/m°) 99.5 30(um) y White

150

130

110 -

90 -

70 -

intensity

50 -

30 -

10_|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
20 25 30 35 40 45 50 55 60

20 degree

Fig. (3-2): XRD pattern for the micro gamma alumina powder
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The second: Nano Aluminum Dioxide powder an American origin, prepared by

(MTI) company. The figure (3-3) represents x-ray analysis of the nano alumina

powder and the specifications show in the table (3-4).

Table (3-4) specifications of nano alumina by the manufacturer.

Product Al,O; (white powder, alpha type, Crystalline Structure)
Particle size 30 nm
Mfg. method SOL-GEL
Purity 99.99
Impurity (ppm) Ca<20, CI<310, Co<5, Crs5,
Fe<240, Mn<5, Na<50, C<5.
True density 3.97 glcm®
Morphology Spherical
Specific surface area ~25 m°lg

2000 -

1800 -

1600 -

1400 -

1200 -

1000 -

intensity

800 -

600 -

400 - A
200 -

o N

20 degree

Fig. (3-3): XRD pattern for the nano alpha alumina powder
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The kind of Titanium dioxide Powder (TiO,) with different particle sizes

that used in this research: -

The first: Micro Titanium dioxide powder German origin, prepared by a
(RIEDEL-DE HAEN AG) company. The figure (3-4) represents x-ray analysis

of the micro Titania powder and the specifications show in the table (3-5).

Table (3-5) specifications of micro Titania by the manufacturer.

Density Molecular mass | Purity Particle size Type Color
3.9(g/cm®) 79.9 (g/mol) 99.5 30 (um) o white
1800 f
1600 f
1400 f
1200 f
1000 f
§§ 800 f
E 600 f
" I
200 f I J\ JiJ\
Iy IS | SRR EEE S |
20 25 30 35 40 45 50 55 60
20 degree

Fig. (3-4): XRD pattern for the micro titania powder

The second: Nano Titanium dioxide powder an an American origin, prepared by

(MTI) company. figure (3-5) represent x-ray analysis of the nano titania powder

And the specifications show in the table (3-6).
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Table (3-6) specifications of nano Titania by the manufacturer.

Product TiO, (white powder, alpha type, Crystalline Structure)
Particle size 50 nm
Mfg. method SOL-GEL
Purity 99.99
Impurity (ppm) Al <20, Ca<75, Mg <65,
Nb<119,S<165Si<102
True density 4.2 glem’
Morphology Spherical
Specific surface area 210 +/-10 m°/g

800

600

400

Intensity

200

A5 1 S

20 25 30 35 40 45 50 55 60

20 degree

Fig. (3-5): XRD pattern for the nano titania powder

3.3 Molding Preparation
In order to mold the samples suitable molds must be prepared for forming

the samples below summarizing of the process of preparing the molds:
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1. Create glass base with dimensions (50x40x0.6) cm and for use as the basis
for a template.

2. Create tapes glass with thickness (1,2,3,4) mm and for use as walls of the
template.

3. Plating the inner surface and its borders with a thin layer of oily substance to
prevent adhesion between the plastic material and mold.

4. Glass tapes are installed in opposite by thermal silicon.

5. The installation process of thermal silicon are from outside and corners.

6. After completing the process of creating the mold accuracy cleaning process
and then followed by the drying process. The template is placed on a flat

surface and thus be ready for the mold casting process.

3.4 Preparation of Specimens
The manufacture methods of composite materials are multiple and each
one of them has advantages and disadvantages, as well as each method is
applied and used in appropriate field, so the hand lay-Up Molding method used
In the preparation of the samples in this research because it is a simple way to
use and can from which to obtain samples of different shapes and sizes. The
samples were prepared in this research are: -
1. Samples of unsaturated polyester alone only, (UP).
2. Samples of unsaturated polyester reinforced with micro aluminum dioxide,
(UP+MA).
3. Samples of unsaturated polyester reinforced with nano aluminum dioxide,
(UP+NA).
4. Samples of unsaturated polyester reinforced with micro titanium dioxide,
(UP+MT).
5. Unsaturated polyester samples reinforced with nano titanium dioxide,
(UP+NT).
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The weight fraction to the reinforcement materials are (1%, 2%, 3%, 4%) and

thickness of samples ranging from (1 - 4) mm.

The main method of preparation and casting the samples

For doing the above title the following steps were dependent:
1-The amount of unsaturated polyester was weighted according to the mold size,
and materials were added by (0.5)%, (2)%. of motivational material and
hardener were added respectively.
2-The amount of reinforced material was weighted according to the weight
fraction.
3-The process of blending matrix material (UP), the catalyst, micro
reinforcement material and the hardener at room temperature will be done
mechanically in a continuous and slowly way in order to avoid bubbles during
the mixing process, also to get an idealization diffusivity to ceramic particles in
unsaturated polyester, the mixing period time is about (8-10) minutes until the
mixture has been homogeneous, and the temperature rising of it will be observed
which is a sign of starting up the interaction process, it is important that the
mixture has a viscosity of a particular process for the purpose of protecting the
deposition of the particles.
4-The nano reinforcement material mixed by using Ultrasonic equipment,
because of agglomeration problem due to mass attraction that seems evident in
the small particles (nanoparticle). The process of blending matrix material (UP),
the catalyst and nano reinforcement material, by ultrasonic for an hour at (30 °C)
and adding the hardener at room temperature will be done mechanically in a
continuous and slowly way in order to avoid bubbles during the mixing process,
also to get an idealization diffusivity to ceramic particles in unsaturated liquid
polyester, the mixing period time is about (8-10) minutes until the mixture has
been homogeneous, and the temperature rising of it will be observed which is a

sign of starting up the interaction process, it is important that the mixture has a
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viscosity of a particular process for the purpose of protecting the deposition of
the particles. There are many of matters must be taking into account:
5- Casting the liquid mixture from the side of template (to avoid occur air
bubbles in the cast, which caused a failure later) slowly until we reach the
desired height so that stream will distributed to all regions of the template
continuously and regularly, and here the template must be evenly completely.
6-The template is placed on an electric vibrator for shaking the mold to get rid
of bubbles in the sample (if any) as well as the distribution of the composite
material in all corners of the mold.
7-The cast leaved in the template for (24) hours to get harden completely, and
then placed in an drying oven for an hour at a temperature (70°C), this process is
important to complete the polymerization, in order to obtain a better complexity
(cross link process) To remove the generated stresses from the manufacturing
process. And that is called post curing.
8-To cut the samples according to the specifications of each test using an
electrical saw with smooth teeth, must be sure that no vibration during cutting
the samples, also the soft teeth of the saw will avoid distortions that may occur
during cutting, the stage of set dimensions are using a device electric cutter and
then are polishing process by soft leaves the degree of (320, 500, 800, 1200)
respectively, when installed in the machine rotor smoothing.
3.5 Instrumentations

We have used in this research a set of devices for the purpose of testing
the samples. These tests were take placeon a standard samples atroom
temperature and these devices are: -
1- Mass Measurement Instrument

We have been using the sensitive balance of a high degree of sensitivity
of four decimal degrees. The type of device “denver instrument an American

origin.
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2- Ultrasonic Instrument

Ultrasonic device has been used for the purpose of mixing the liquid
composite materials (unsaturated polyester and nano reinforcement material).
The type of device is (Power Sonic). And the specifications of the device were

Korea origin, model (LUC - 410) and Temperature range (0 - 70)°C .

3- Dielectric Strength Instrument

The dielectric strength instrument consists of the following

1-High Voltage supplier has used with the range of voltage (0-60 kV) and
frequency (50 Hz) of the type (BAUR PGO S 3) Germany origin.

2-The instrument contains liquid with a high dielectric strength (voltage
transformer oil (40kv/mm)) to prevent transmittal of the circumstantial spark
(Flashover), in addition to rise speed of liquid inflammation, and the oil must
change to prevent the ionization of liquid which leads to inaccuracy
measurement.

3-1t contains copper poles of good electrical conduction and spherical shape, its

diameter about (2mm), as in the figure (3-6).

Fig. (3-6) Dielectric Strength Instrument.
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4- LCR meter

LCR meter is used to measure the resistance, capacitance, inductance,
Impedance, loss factor etc. of the materials. In an automatic LCR meter bridge
method, the bridge circuit employs a fixed standard resistor beside the unknown
Impedance and a multiplying digital to analog convertor (MDAC) that works as
a resistive potentiometer. The type of LCR meter is Agilent impedance analyzer

an American origin, its range of frequency (50Hz-5MHz), as in the figure (3-7).

Fig. (3-7) LCR Meter.
5- Optical Microscopic Instrument
The optical microscopy was connected to a microscope with a
digital camera and computer system (Model Nikon ME600, attached with digital
camera DXM/200F). This system is used for photographing the samples
surfaces. Which must be grinded and polished, as in the figure (3-8).

Fig.(3-8) Optical microscope.
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6- X-ray Diffraction (XRD) Instrument

For studying the x-ray diffract on mode from the samples and its
diagnosis for the purpose of this research, XRD equipment with the following
specifications was used:
TYPE: XRD-6000, SHIMADZU, JAPANESE ORIGIN.
TARGET: Cu
WAVE LENTGTH: (1.54060) A°
SPEED: (5) deg / min
VOLTAGE: (40) KV
CURRENT: (30) mA
RANGE (26): (20-60) deg.
3.6 Electric Tests
3.6.1 Dielectric Strength

The sample put between two copper poles which are embedded in oil with
make sure of touching poles with the sample surface then applying voltage
through the sample that occurs the breakdown voltage. After knowing the area
that breakdown happens which can be distinguish according to the damage that
occur because of the breakdown. The effect factors on dielectric strength are:

1- Thickness Effect:

The effect of samples thickness on the dielectric strength with the
different average elevating voltage were studied. The range of Samples thickness
used were (1 - 4) mm of the samples and average elevating voltage were (0.5 -5
kV/sec). The measurements had taken at room temperature is (27 = 2 ° C).

2- Effect of number of breakdowns

Dielectric strength is measured of the sample from lower average
elevating voltage (0.5kV/sec) to the highest (5kV/sec) with thickness (1 - 4) mm
of the samples, as the applying voltage was more than once, with taking care in to
the same point for each thickness and the process was repeated five times

periodically.
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3- Effect of the Voltage Elevating Average

Dielectric strength was measured to the samples of different average
elevating voltage(0.5,1,2,3,5 kV/sec) for lower and higher thickness of the
samples at room temperature, which ranged (27 £ 2 °C) during measurement
taking into account not return to the area which has been examined previously.
3.6.2 Dielectric Constant

The dielectric constant measured by LCR meter which connected to
computer, the sample puts between the poles and make sure that the poles touch
sample surface. Dielectric constant data have recorded on computer’s screen via
mathematic formulas that studied previously.
3.6.3 Dispersion Factor (Tangent Loss)

The Tangent Loss was measured by LCR meter which connected to
computer the sample puts between the poles and make sure that the poles touch
sample surface. Dispersion factor data have recorded on computer's screen via

mathematic formulas that studied previously.
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4.1 Introduction

This research includes expose and discussion the physical testing to
(Dielectric strength, Dielectric constant, x-ray analysis and optical microscope
pictures) supported by diagrammatic planning and illustrating figures to the
samples of unsaturated before and after reinforcement by particles. the general

behavior was similar to all weight fractions, so I didn’t put illustrate charts to

(2%, 3%) weight fractions.

4.2 Dielectric Strength
Effect factors on the Dielectric strength are:
4.2.1 Effect of Thickness

The figures (4-1),(4-2),(4-3),(4-4),(4-5) explain the effect of thickness on
the dielectric strength of the samples prepared from composite material that has
plastic matrix (Unsaturated Polyester) reinforcement by micro and nanoparticles
alumina with weight fraction (0%, 1%, 2%, 3%, 4%), respectively, and different
thicknesses, it was observed that there a decrease in dielectric strength with
increasing of dielectric thickness due to several reasons which are :
First: The breakdown voltage in units (kV) does not change linearly with the
increase in thickness, because the insulator material decrease the influence of
electric field because of the insulator response to the electric field by method of
polarization therefore, the influence increases and the decrease of the external
electric field with increasing of thickness of the insulator. the effect of increased
in leakage currents grow up from crystalline defects as holes (cavity) which
show significantly when casting samples of polymer, dislocations, interference
of crystalline and impurities of metals oxides that generate electrical
conductivity paths leads to the appearance of electric breakdown at early time
and decrease in dielectric strength also, the difficulty of heat recovery and throw
it from the insulator outside. These factors lead to decrease the Dielectric
strength, as these impurities contribute to influence on the crystal structure,

because the additions influence on the chemical bonds, as well as increase the
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charge carriers by providing electrons or ions to the conduction process. The
increasing in porosity and electrical conductivity leads to a decrease in the
values of the dielectric strength.

Second :The dielectric strength are affected significantly by loss factor where
the dielectric strength decreases with increasing of loss factor, thus increasing
the thickness and the presence of crystalline defects lead to increased in loss
factor which due to increased leakage currents and connectivity within the
composite material. also, the increase in thickness reduces the electric field
which is generated by applied voltage. the dielectric strength increase linearly
with breakdown voltage according to electric insulation equation:

breakdownvoltage
insulator thickness

Dielectric Strength =

so a decrease of the electric field with thickness increase cause a decrease in
dielectric strength.

Third: The presence of these impurities under the influence of an electric field
and being charged, will transfer it through the crystal and making it easy to trap.
thus it lead to pile up charges that operate to induce opposite charges on the
other side which cause grow up of dipoles in the composite material which is
called the Interfacial or Space Charge Polarization. When a comparison between
the values of the dielectric strength of the micro polymer composite and the
values of the dielectric strength of the nano polymer composite, we note that the
values of Dielectric strength are approach by addition of micro aluminum

dioxide and nano aluminum dioxide[92,119,122].
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Fig. (4-1) Dielectric strength versus thickness (UP)
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Fig. (4-2) Dielectric strength versus thickness (UP+1% MA)
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Fig. (4-3) Dielectric strength versus thickness (UP+4% MA)
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Fig. (4-4) Dielectric strength versus thickness (UP+1% NA)
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Fig. (4-5) Dielectric strength versus thickness (UP+4% NA)

4.2.2 The voltage elevating average

The figures (4-6), (4-7), (4-8), (4-9), (4-10), (4-11), (4-12), (4-13), (4-14),
explain the change in the dielectric strength with the The voltage elevating
average of micro and nano polymer composite samples of aluminum dioxide
and titanium dioxide ((UP + alumina), (UP + titania)) at the same previous
weight fraction . It is observed that the increase of dielectric strength with the
increase in the voltage elevating average as the slow voltage elevating average
(0.5kV/sec) leads to increased in heat raised from the leakage currents, where
the applying voltage for a long time increases the possibility of occurrence of
electro thermal breakdown. since the insulating materials decrease electrical
resistance due to increased local temperature, so decrease will appear in
Dielectric strength with decreasing in the The voltage elevating average. The
reasons behind decrease of dielectric strength with a decrease in average time to

increase the voltage occurs cumulative effects of the collision (chemical and
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electrochemical) and the corrosion which in turn destroy the materials and
speeds up the breakdown by heating. These low values are the same operation
values when used insulators in practical applications. The values that we get
from the high rates increasing represent the time of opening or closing the
circuit, which contain in its application such electrical insulators. The increase in
the voltage elevating average leads to reduce the time required for two
consecutive collision of same electron due to the acquisition of electrons to
sufficient energy leading to speed the process of ionization and thus speed the
breakdown resulting in an increase in the values of dielectric strength. We note
abnormalities of some points about the general behavior and the reason is
attributed defects within the composite material or homogeneous weaknesses of
each testing points in the sample. We cannot be re-tested once again to the same
sample because of this test is one of the destructive. As we note that the electric
spark penetrates the insulator material at the time of breakdown which passes
through those points that represent points of weakness and this is called the
(effect of treeing) in the electric breakdown[105,119,121,128].
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Fig. (4-6) Dielectric strength versus voltage elevating average (UP)
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Fig. (4-9) Dielectric strength versus voltage elevating average (UP+1% NA)
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Fig. (4-11) Dielectric strength versus voltage elevating average (UP+1% MT)
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Fig. (4-12) Dielectric strength versus voltage elevating average (UP+4% MT)
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Fig. (4-13) Dielectric strength versus voltage elevating average (UP+1% NT)
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Fig. (4-14) Dielectric strength versus voltage elevating average (UP+4% NT)
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4.2.3 The Effect of the Number of Breakdowns

The test of dielectric strength change with the number of breakdowns
which is one of the tests that can know the possibility of use electrical insulators
with the electric breakdown and recycle it again in the practical applications that
need less voltage.

The figures (4-15), (4-16), (4-17), (4-18), (4-19), (4-20), (4-21), (4-22),
(4-23), describe the change in dielectric strength with the number of breakdowns
for micro and nano composite polymer reinforced by aluminum dioxide and
titanium dioxide ((UP + alumina), (UP + titania)) and the same previous weight
fraction. We note a sharp decrease in the dielectric strength, especially at small
thickness, It is possible that the reason is attributed to the large chemical
changes that appear with the diffusion of electric spark, because the material test
leads to burn the material or puncture it at the point of test and therefore the loss
of the dielectric property of the material and thus become conductive. In the
large thickness of breakdowns number be less in small thickness due to few
chemical changes through diffusion of electric spark. The anomaly tests of some
points from the general behavior of the test because the defects arising in the
samples of composite material, and the effect of thermal and mechanical to the
voltage on the sample sometimes may lead to a reduction in the thickness of the
sample, or even puncture it, therefore oil enter between the poles which effect
on the data of examination. there is a significant change in the possibility of
using the insulating materials after the first round of electric breakdown, as
sometimes a decreased in dielectric strength in the second round to half of the
value of the first round, which cause a significant decrease up to 90% in the

second round if compared with dielectric strength value in the first one[93].
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Fig. (4-15) Dielectric strength versus No. of breakdowns at (0.5 kV/sec), (UP)
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Fig. (4-16) Dielectric strength versus No. of breakdowns at (0.5 kV/sec), (UP+1%MA)
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Fig. (4-17) Dielectric strength versus No. of breakdowns at (0.5 kV/sec), (UP+4%MA)
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Fig. (4-18) Dielectric strength versus No. of breakdowns at (0.5 kV/sec), (UP+1% NA)
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Fig. (4-19) Dielectric strength versus No. of breakdowns at (0.5 kV/sec), (UP+4% NA)
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Fig. (4-20) Dielectric strength versus No. of breakdowns at (0.5 kV/sec), (UP+1% MT)
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Fig. (4-21) Dielectric strength versus No. of breakdowns at (0.5 kV/sec), (UP+4% MT)
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Fig. (4-22) Dielectric strength versus No. of breakdowns at (0.5 kV/sec), (UP+1% NT)
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Fig. (4-23) Dielectric strength versus No. of breakdowns at (0.5 kV/sec), (UP+4% NT)

There are a number of Notes that should be taken into account, the most
important is the appearance of some abnormal points in determining the values
of Dielectric strength, and this falls within the rates of error allowed to as this
test is one of the destructive tests, which depends heavily on the structure of
material therefore, the a repetition of the results is weak in this type of tests.
Also showed areas of breakdown in the form of black spots and this is proof of
break the polymer chains (hydrocarbon) with conversion to carbon (the
phenomenon of smut), which represents the black points. It was observed air
bubbles believed to represent the hydrogen gas liberated as a result of
breakdown, with continuing electric breakdown of the same point occurs
oxidation of carbon and conversion of it to carbon dioxide gas leaving place as a

hole in the samples.
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4-3 Examination by x-ray Diffraction

Because there are some abnormal results in the dielectric strength tests by
the formation new phases of a new substance or substances as a result of thermal
effects of voltage on the material where there is electric breakdown caused this
anomaly in the dielectric strength testing, so we use the x-ray test for the
diagnosis of materials where we focus the rays beam on the points of electric
breakdown accurately, we found the region where there is a electric breakdown
after the examination that there was no change in phases of the materials
constituting of the sample and the absence of new material after testing. As was
expected before the test because the conditions of preparation of ceramic
materials or change in phases need time and high temperatures. Interrelated
factors were behind of anomalous behavior in electrical tests that we have
already refer to it, but the reason behind decreasing of the density is convert
small part of alumina to amorphous. the following figures (4-24), (4-25), (4-26),
(4-27), show that:
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Fig. (4-24) XRD pattern for the (UP+4%NA) before the electric breakdown
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Fig. (4-25) XRD pattern for the (UP+4%NA) after the electric breakdown
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Fig. (4-26) XRD pattern for the (UP+4%NT) before the electric breakdown
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Fig. (4-27) XRD pattern for the (UP+4%NT) after the electric breakdown

4.4 Optical Microscope Pictures

The images taken for the electric breakdown points by using optical
microscopy have shown that the sample coaled in the electric breakdown area as
a result of destroying of polymeric chains to unsaturated polyester (UP), and the
formation of micro cracks as a result of electric breakdown which extends
directly to the point of electric breakdown. The optical microscope pictures
show that there is micro cracks were larger and more sinuosity and distortion of
the micro samples, This is because the great convergence of nanoparticles,
diffusing, dispersal, high homogeneity and high stable distribution in all
directions, that nanoparitcles enjoyed and the most important distinguish of nano
reinforcement. Either the micro reinforcement suffers from weaknesses in the
diffuse and The homogeneity and that because of the large mass and size, which
often tend to agglomeration in the bottom. As is well known, a different degree

of particles agglomeration of a substance to another cause a change its
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characteristics. the figures: (4-28), (4-29), (4-30), (4-31), (4-32), (4-33), (4-34),
(4-35), (4-36), (4-37), (4-38), (4-39), (4-40), (4-41).

Fig.(4-28)sample before Fig.(4-29) sample after
breakdown(UP) breakdown(UP)

Fig.(4-30) sample after Fig.(4-31) sample after
breakdown(UP+1%MA) breakdown(UP+1%MA)

Fig.(4-32) sample after Fig.(4-33) sample after
breakdown(UP+1%MA) breakdown(UP+2%MA)
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Fig.(4-34) sample after Fig.(4-35) sample after
breakdown(UP+3%MA) breakdown(UP+4%MA)

Fig.(4-36) sample after Fig.(4-37) sample after
breakdown(UP+1%NA) breakdown(UP+1%NA)

Fig.(4-38) sample after Fig.(4-39) sample after
breakdown(UP+2%MA) breakdown(UP+3%MA)
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Fig.(4-40) sample after Fig.(4-41) sample after
breakdown(UP+4%NA) breakdown(UP+4%NA)

4.5 The Effect of Additives Rates on the Dielectric Constant
The figures (4-42), (4-43) show behavior of dielectric constant with the

rates of addition at room temperature and range of frequencies (25049.75-

5x10° Hz for polymer composite samples (UP + micro alumina), (UP+ nano

alumina), (UP + micro titania) and (UP + nano titania), the results showed
increase in the values of dielectric constant with increase in the alumina and
titania additions, The reason for that may be due to:

1. The contribution of fillings (alumina and titania) to raise the values of
dielectric constant of the polymer composite because it has dielectric constant
values higher than the matrix material (Unsaturated Polyester).

2. Dielectric constant increases with the proportion of alumina and titania added
because of the increased in number of dipoles per unit volume which mean
increase in the number polarized dipoles, which oriented with the effect of
electric field.

3. The reason for the increase in dielectric constant is the appearance of
Interfacial polarization mainly with addition of fillings to unsaturated
polyester as the values of dielectric constant increased, for all the ratios
prepared.
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4. Increase the porosity of polymer composite samples especially when the
unsaturated polyester is the matrix material which lead to increased in the
polarization of the growing spatial charges.

5. For the high dielectric constant values when add titania fillings due to the high
values of dielectric constant of titania higher than the values of dielectric
constant of alumina.

6. For the high values of dielectric constant at the nanoparticles fillers are higher
than the values of dielectric constant in the microparticles fillers are attributed
high diffusion, stable, specific surface area and arrange distribution in all
directions that enjoyed by the nanoparticles in the matrix material
(unsaturated polyester) and the high homogeneity for reinforcement of
samples with nanoparticles and the great convergence between nanoparticles
that the most important what distinguishes reinforcement by nanoparticles.
Reinforcement microparticles samples are often suffers from weaknesses in
the diffuse and heterogeneity due to their large particle size, which often tend
to agglomeration in the lower layer of the sample because of gravity of the
microparticles that are larger than of the nanoparticles because of the large
mass, especially if the matrix material is a liquid, as in the unsaturated
polyester. as is known, a different degree of particles gathering of a substance
to another cause the change in characteristics of the polymer composite

samples.
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Fig. (4-42) Dielectric constant versus weight fraction at (5x10°Hz), (for all additives)
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Fig.(4-43) Dielectric constant versus weight fraction at (25049.75 Hz), (for all additives)
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4-6 The Effect of Frequency on the Dielectric Constant

Figures (4-44), (4-45), (4-46) show behavior of dielectric constant with
frequency at room temperature and range of frequencies (25049.75-5x10%)Hz
for polymer composite samples (UP + micro alumina), (UP + nano alumina),
(UP + micro titania) and (UP + nano titania), The results show that values of
Dielectric constant at low frequencies is high relatively because of the effect of
interfacial, orientation and ionic polarization where its effect appears fully. The
orient polar group is slow relatively and that the decrease in the values of
dielectric constant with increasing the frequency of each weight fractions
caused by retardation of these polarizations are sequential not keep pace with the
change in the direction of the electric field followed by retardation of the
orientation polarization and ionic polarization to keep pace with the change in
the electric field, respectively (retardation of oriented diodes), leading
consequently to the decrease in the values of dielectric constant with increasing
frequency, and this was normal behavior as in other insulators.

In other words, if the frequency has risen significantly, the moments will
be unable to follow up the electric field and this effect leads to the dispersion of
dielectric constant with increasing in frequency and this phenomenon is known
as the dispersion of insulator material. Usually, Orientation polarization in the
direction of the electric field at low or small frequencies, which it is neglected
when the frequency is very high, this is referred to Dielectric relaxation We note
from these figures that we cannot get areas in which the electric field is stable
and doesn’t follow dielectric constant with the frequency, perhaps this is due to
the lack of frequencies lower than 20 Hz, so that we can have access to stable

Zone.
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Fig. (4-44) Dielectric constant versus frequency for alumina additives
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Fig. (4-45) Dielectric constant versus frequency to titania additives
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Fig. (4-46) Dielectric constant versus frequency for all additives

4-7 Effect of Frequency on the Dispersion Factor

The figures (4-47), (4-48), (4-49), (4-50), (4-51), (4-52), (4-53), (4-54),
(4-55), show the relation of dispersion factor (tand) and frequency at room
temperature and at range of frequencies (25049.75-5x10%Hz for polymer
composite samples (UP + micro alumina), (UP + nano alumina), (UP + micro
titania) and (UP + nano titania), The results show similar in behavior of
dispersion factor (tand) and frequency for all samples and it is the oscillation in
values of dispersion factor (tand) with frequency, where values of dispersion
factor (tand) increased gradually with increasing frequency and reach high value
(maximum value) and then dispersion factor (tand) begin decreasing gradually.
The change in dispersion factor (tand) values return to change of dispersion

factor to incubator polymer material as in the equation below [131] :

g (e -¢)ar
tan§:—f:(5 ) +g

"

e (e.+e07) o
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Where: ¢_:is the maximum value of the electric permittivity, & :is the minimum
value of the electric permittivity, c: IS angular frequency, z: IS relaxation
time, ¢ : IS Real Dielectric constant, and ¢: IS Imaginary dielectric constant, ¢
- 1S alternating electrical conductivity.

It can be observed from the second term (%) of the equation above, that

the increase in the value of the dispersion factor (tand) to be closely related to
the alternating electrical conductivity, which in turn depends on the number of
charge carriers within the material, it’s relaxing time and applied electric field
frequency, when temperature is constant. The reason for the increase in the
alternating electrical conductivity when you add the filler is the appearance of
charges between the interfaces surfaces (between filling material and incubator
material (UP)) which increases with increasing the filler content to a maximum
value with increasing frequency[132]. In this case, the mechanism of jumping is
the controlling mechanism,so that when the jumping frequency is approximately
equal to the frequency of the applied electric field, so we get peak value of

dispersion factor (tand), and when continue increasing frequency, it leads to the

vanishing term (E) and becomes not influential, causing decreasing and

vanishing of the value of the dispersion factor (tand). We further note that when
increasing the content of the fillings ratio for each samples, the relaxation peaks
shift towards low frequencies and this behavior in this polymer is similar to
what observed by a number of other researchers when they studied Dielectric
properties of different polymers. one can take advantage of this behavior in
determining the relaxation time of materials [131-133].

There is another reason for the change in dispersion factor (tand) with
frequency due to the dipoles absorb energy of the electric field in order to
overcome the resistance of the viscous material that surrounds them during
rotation. This absorbed energy reduces the transition charge carriers between the
edges of capacitor with increasing of the frequency and dipoles which need high

energy in order to get relaxation and this cause a decreased of dispersion factor
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(tand). The increase in dispersion factor (tand) at certain frequencies is due to

get relaxation all dipoles by absorb of part of the energy while the other part is

used for the transfer of charge carriers. also may get the case of resonance when

consensus applying electric field frequency with the natural frequency of dipoles

which gets high loss.

In these composites may be get multiple resonance cases because theses

composites consist of different particles for different elements so there is

resonance frequency for each element and this is what we expected and founded

during this research .
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Fig. (4-48) Tangent loss versus frequency (UP+1%MA)
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Fig. (4-49) Tangent loss versus frequency (Up+4%MA)
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Fig. (4-50) Tangent loss versus frequency (UP+1% NA)
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Fig.(4-51) Tangent loss versus frequency (UP+4% NA)
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Fig. (4-54) Tangent loss versus frequency (UP+1% NT)

Tangent loss (tand)

0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

4 4.5 5 55 6 6.5 7

Log frequency (Hz)

Fig. (4-55) Tangent loss versus frequency (UP+4% NT)
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5.1 Conclusions
The findings of the study lead to the following conclusions:

1. The dielectric strength decrease when the ceramic materials added (Alumina
and Titania) to the matrix material (Unsaturated Polyester),and the composite
(UP + titania) has dielectric strength less than the composite (UP + alumina).

2. The dielectric strength of both Composites (UP + alumina) and (UP + titania)
decrease with the increase in thickness, its prefer in determining the values of
the dielectric strength to use a small thickness because of the lack of
proportionality and non-linear in change of dielectric strength with thickness.

3. The dielectric strength increase with the increase of average elevating voltage
for both Composites (UP + alumina) and (UP + titania), and the appearance
of a decrease in dielectric strength with low elevating averages which means
that there is electrothermal effect occurs within the insulator material must
be taken into consideration during the selecting of a dielectric strength under
an operating conditions.

4. The dielectric strength decrease with the number of breakdowns for both
Composites (UP + alumina) and (UP + titania), with the appearance of black
areas in the test areas which is coaled of the breakdown point as a result of
carbon convert to carbon dioxide.

5. Variation occurs during measuring the dielectric strength, and this means that
the material composition, its phases and the defects effect on the behavior of
electric spark inside the insulator material with repeating manner causes
inaccuracy in the measurements and it applied statistically over group of tests
out come.

6. The values of dielectric constant for both Composites (UP + alumina) and
(UP + titania) increases with increasing the proportion of ceramic additive
and be higher for composite (UP + titania), and the values of dielectric
constant decreases with increasing frequency, while the values of the loss

tangent increases with increase frequencies to reach the highest value at
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relaxation frequency, then its value begins to decrease gradually at
frequencies greater than relaxation frequency.

Generally, x- ray examinations showed for both Composites (UP + Al,O5)
and (UP + TiO,) no change in phases in the electric breakdown region for the
constituent materials of the sample with the absence of new material create
after the test.

Excluding the use of polymeric composite from the service after obtaining of
the electric breakdown because of the extremely low dielectric strength after
the first round of the electric breakdown directly.

It can be consider that a mechanism of the dielectric strength testing as one of
the methods in which it examines the homogeneity and the dispersal of

reinforcement material in the composite material.

10.The possibility of taking the advantage of prepared polymer composites

reinforced by (alumina and titania) in many electronic applications depend on

its measured properties.

5.2 Recommendations

Based on the findings of this study, the following recommendations are put

forward:

1.

Use of other oxides such as (ZrOz, SiOg, .... etc.) as reinforcement material
with unsaturated polyester or with other polymers such as PVVC and Epoxy.
The preparing of thin films for the same composites (UP + Alumina) and (UP
+ Titania) and studying the properties of their insulating.

Studying the mechanical and optical properties of the composites (UP +
Alumina) and (UP + Titania) in order to get the advantage and take
advantage in modern scientific applications.

Studying the Effect of electrical resistivity, activation energy and alternating,
direct electrical conductivity for the composites (UP + alumina) and (UP +

titania).
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5. Studying mechanical tests of the samples after the electric breakdown to
determine the effect of the electric breakdown on the material strength and
studying the Electromechanical influence.

6. Studying the effect of (frequency, humidity, temperature, type of poles) on

the dielectric strength and dielectric constant for the preparing composites.

101



References

[1] J. W. Weeton, M. P. Dean, L. T. Karyn, "Engineering's Guide to
Composite Material', Published by American Society for Metals, U.S.A.,
(1987).

[2] D. R. Askeland, ""The Science & Engineering of Materials', Wadsworth,
Inc., California, (1984).

[3] V. Raghavan, ""Materials Science & Engineering A First Course', 2.
edition, Prentice - Hall of India Private Limited, New Delhi, (1979).

[4] W. Bolton, ""Engineering Materials Technology", 3" edition, Prentice Hall
Co., (1998).

[5] P. M. Ajayan, L. S. Schadler, P. V. Braun, "*Nanocomposite Science and
Technology™, WILEY-VCH Verlag, p.(35-77), (2003).

[6] Mah Rukh Siddiquah, "Effect of Doping of Various Metal Cations on
Structural, Electrical and Magnetic Properties of Nano Cobalt Ferrites',
University Islamabad, Ph.D. Thesis, (2008).

[7] Z.-M. Dang, L.-Z. Fan, Y. Shen, C.-W. Nan, " Dielectric behavior of novel
three-phase MWNTs/BaTiO3/PVDF composites”, Materials Science and
Engineering B, Vol.103, p.(140-144), (2003).

[8] Qungiang Feng , Zhimin Dang, Na Li, Xiaolong Cao, ' Preparation and

dielectric property of Ag-PVA nano-composite **, Materials Science and
Engineering B, Vol.99, p.(325-328), (2003).

[9] Vishal Singh, , A. R. Kulkarni, T. R. Rama Mohan, " Dielectric Properties
of Aluminum-Epoxy Composites”, Wiley Periodicals, Vol. 90, p.(3602-3608),
(2003).

[10] R.A. Abas, "Studying Some Dielectric Properties and Effective
Parameters of Composite Materials Containing of Novolak Resin", Journal
of Engineering and Technology, Vol.25, No.8, p.(277-288), (2007).

[11] H.S.H. Al-ammar," Study of Some Parameters That Effected on
Dielectric Strength For Composites (Ceramic - Glass)", University of

Baghdad, Master Thesis, (2008).

102



References

[12] F. J. E. Al- Zubaidy, "Some Factors Effecting on the Dielectric Strength
For Composites (PVC- Ceramic)", University of Technology, Master Thesis,
(2009).
[13] Eduard A. Stefanescu, Xiaoli Tan, Zhiqun Lin, Nicola Bowler, Michael R.
Kessler, '*Multifunctional PMMA-Ceramic composites as structural
dielectrics ™, polymer, Vol. 51, p. (5823-5832),(2010).
[14] S.A.S. Ali," Study The Electromechanical Effects For Different Types
of Glass ", University of Baghdad, Master Thesis, (2010).
[15] Bahaa Hussien, ""European Journal of Scientific Research™, Vol.52,
p.(236-242), (2011).
[16] V.Tome, G. Polizos, C. A. Randall and E. Manias, " Polyethylene
nanocomposite dielectrics: Implications of nanofiller orientation on high
field properties and energy storage **, Journal of Applied Physics, Vol.109,
p.(074113) (2011).
[17] Chia-Ching Wu,Cheng-FuYang," Investigating the mechanical properties
of high dielectric constant polyetherimide, (BaggSro,),(Tio9Zro1)O3
composites "', Composites, Vol. 42, p.(1799-1802) ,(2011).
[18] Weimin Xia, , Zhuo Xu, Fei Wen, Zhicheng Zhang, ' Electrical energy
density and dielectric properties of poly(vinylidene fluoride-chlorotriflu-
oroethylene) (BaSrTiO3) nanocomposites **, Ceramics International ,\Vol. 38,
p. (1071-1075), (2012).
[19] Ram Avatar Sharma, Dawid D'Melo, Subhendu Bhattacharya, Lokesh
Chaudhari and Sarojini Swain, "Effect of Nano/micro Silica on Electrical
Property of Unsaturated Polyester Resin Composites”, Transactions on
electrical and electronic Materials, Vol. 13, No. 1, p. (31-34), (2012).
[20] Brian S. Mitchell, ""An Introduction To Materials Engineering And
Science™, A John Wiley & Sons, Inc, P.(99-100), (2004).
[21] Vinson, J.R. And Sierakowski, R. L., "The Behavior Of Structures
Composed Of Composite Materials', Second Edition, Kluwer Academic
Publisher, (2002).

103



References

[22] William, D. Callister, Jr. , ""Materials Science and Engineering: An
Introduction”, 7" Edition, P.(520-528), (2006).

[23] Sudipt Kumar ,J.Ananda Theerthan, ** Production and Characterisation
Of Aluminium-Fly Ash Composite Using Stir Casting Method"*, National
Institute of Technology Rourkela, (2008).

[24] Sonam Agrawal, "Effective Thermal Conductivity of Epoxy Matrix
Composites Filled With Titania (TiO,) Powder', National Institute of
Technology Rourkela, P.(3), (2011).

[25] Deborah D. L. Chung, ""Composite Materials Science and Applications",
Second Edition, Springer-Verlag London Limited, p.(9), (2010).

[26] R. Seymour, ""Polymer Composites' , Vsp, Utrecht, Netherlands, (1990).
[27] M.M. Schwartz, "*Composite Materials Hand Book"*, McGraw-Hill, Inc.
New York, (1984).

[28] C.P.Patrick, '‘Design and Manufacture of Composite Structure™,
McGraw-Hill, Inc. New York, (2001).

[29] Shridhar Yarlagadda, *Introduction To Composites', University of
Delaware Center for Composite Materials-yarlagad, p.(302-831), (2007).

[30] B. Segmour & Raymond, "Modern Plastic Technology*’, Publishing
Company, Enc. (1975).

[31] N. G. Crum, C. P. Buckley & C. B. Bucknall, "'Principles of polymer
Engineering", 2" ed., John Wiley & Sons, New York, (1997).

[32] R. J. Craw for, ""Plastic Engineering", 2" Edition, Pergamon Press, V. K.,
(1987).

[33] L. Robert, P. E. Mott, "Applied Strength of materials”, University of
Dayton, 3" ed, (1996).

il Apalall U o (beall)) (s shal) Sliadd) aiaai L 135" jae e lon) dena [34]
(2001) ¢ alall gy 55l

Al ca sl s il dalal) Sy deliall GLIY) L ol 9" jee Jaelaw) daas [35]
.(2002)
104



References

[36] K. Lisaka & K. Shibayama, ""Effect of Filler Particle size on Dynamic
Mechanical Properties of Poly methyl Meth cry late', Journal of Applied
Polymer Science Vol. 22, (1978).

drala daghe M3 umsl cliadl sl e desa 053 2 5 ol T ae GaS € [37]
(1980) ¢ il

[38] H. F. Mark & J. I. Kroschwitz, ""Encyclopedia of Polymer Science &
Engineering", John Wiley & Sons, New York, (1988).

[39] Ivor H. up degraff, ""Hand-Book of Composite**, Van No strand Reinhold
Inc, Edited by George Lubin, New York, (1982).

Ay a3l el Aalall CASH )y (M) Cald A8 gauga” pee Jielon) dena [40]

.(2002)
[41] George Odian,”" Principles of Polymerization" Fourth Edition, by John
Wiley & Sons, (Canada), (2004).

(1993) tom sall cian 5l 5 A Lall Il s Ml plyasS™ dana e o S1 0 [42]

"8 sald) pLiasS" (ol ) aa S aie (3 B alie GBS 3 dea i s 08 SIL [43]
(1984) ¢ _padll daala ¢a slall 4408 (oLl ad

[44] D. C. Barton & P. D. Soden, ""Composites', Vol. 13, No. 1. Jon, P. (66-
73), (1982).

MAgidna ML B glall A8 yall 3l gall LSl Gailadd) Al 2" |5 ) eall JLS al [45]

[46] L. A. Khalaf, " Studying Mechanical & Physical Properties for
Unsaturated Polyester Reinforced by Fiber Glass & Nylon Fiber
Composites" , University of Technology, Materials Engineering Department,
Master Thesis, (2006).

105



References

[47] Oxford University Press, " Polymer Data Handbook" ,Oxford, New York,
Athens, Auckland,...etc., (1999).

Uaadall e iul (sl S gnl) A el sd Al jag e el deaa il [48]
(1996) ,3ua ol 5Sill Aaalal) cdugpdatil] o glall and col ) 4383 Al

[49] P. A Thornton, V. J. Colangelo, "Fundamentals of Engineering
Materials', Prentice. Hall. Inc, (1985).

[50] A.A. Berlin, S. A. Volfson, "principles of polymer composites', springe-
verlag, New York, P45, (1986).

[51] L .Holliday, ""Composite Material*, Elsevier Publishing, London, (1966).

[52] William. D.Callister, *'Materials science & Engineering An
Introduction’, John Wiley& Sons , Inc, 6" Edition, (2003).

[53] S. M. Elie, ""Study of Mechanical Properties and Thermal Conductivity
for Polymer Composite Material Reinforced by Aluminum and Aluminum
Oxide Particles™,University of Technology, Materials Engineering Department,
Master Thesis, (2007).

[54] M. W. Gaglord, ""Reinforced Plastic theory & practice", 2™ Edition,
chahnenrs putico, Inc, (1974).

[55] Bryan R. Noton, ""Composite Materials', Vol. 3, New York, (1974).

[56] A.D Jayatilaka, "'Fracture of Engineering Brittle materials', Applied
Science, London, (1979).

[57] Jack. R. Vinson, Tsu-Weichou, ""Composite Materials & Their Use in
Structure", Applied Science Publishers LTD, London, (1975).

[58] W. Bolton, "Engineering Materials Technology", 4" Edition, Butter
Worth Heinemann, (2000).

106



References

[59] Mikell P. Groover, "Fundamentals of Modern Manufacturing", 4"
Edition, John Wily & Sons Inc, (1997).

[60] Derek Hull, ""An Introduction to Composite Materials', Cambridge
University Press, first Published, (1981).

[61] S. M. Lee Editor, "International Encyclopedia of Composite", VCH
publishers, Inc, (1990).

(1995), 2138 Aasls |1y giuall g Glaall s jile s 3 sana (sibadl deal 3, Luad) [62]
o pmal) ATV S g il g Ao Lhall jae hy Maalial) ddid" 5 5AT5 (e s 5 [63]
(1978)
[64] N.AL-Saad and N.AL-Azzai, "Preliminary Test for Extraction (AL-O)
JFrom Iragi Kaolin Mineral processing”, Dep. Ministry of Industry, Iraq,
(1983).
[65] R.Heslop and P.Robinson, "Inorganic Chemistry”,3™ Edition, Elsevier
publishing co., P.(774), (1967).
[66] J. C. Emeleu , F.R.S.Cambridge and Sir.Nyholm, "Compressive Inorganic
Chemistry", Vol.5, (1996).
[67] T.P.Jones, J.Aust, ""*Ceram.soc',Vol.5, P.(41), (1969).
[68] Mei Zhang and Raman P. Singh, "Materials Letters"”, Vol.58, (2004),
p.(408- 412).
[69] E. Door, "Alumina", U.S.A, p.(10-218), (1984).
adaill 3 ) 55 9 oAl 5 ebe Hai Juald das 55 "ASal ) A& 3 gall el 3 L), 5 [70]
.(1986) ,(96-930=) , piil s dcliall &l Hla | calall Canll 5 Ml
[71] F.H. Norton, "Fine ceramics Technology and applications". McGraw-
Hill, Inc. (1970).
[72] S.Mrowec, "Defects and diffusion in solids", PWN-Polish, Scientific
publishers, Warszawa, (1980).
[73] F.F. Lange, "J. Mater. Sci. ", Vol.17, P.( 247-254), (1982).

107



References

[74] National Academies Press Washington, ** In Food Chemicals Codex"*, 5"
ed., DC., (2003).
[75] Paul M. Kuznesof, Ph.D, ""Chemical and Technical Assessment (CTA)
Titanium dioxide ", P.(2-8), (2006).
[76] A. Markowska-Szczupaka, K. Ulfig, A.W. Morawski, " The application of
titanium dioxide for deactivation of bioparticulates: An overview", Catalysis
Today, Vol. 169, P. (249-257), (2011).
[77] Ali Mehrizad, Parvain Gharbani, Samad Motameni Tabatabii, "Synthesis
of nanosized TiO, powder by Sol-Gel method in acidic conditions™, Journal
of the Iranian Chemical Research, Vol. 2, p.(145-149), (2009).
[78] Chien-1 Wu, Jiann-Wen Huang, Ya-Lan Wen, Shaw-Bing Wen, Yun-Hwei
Shen, Mou-Yung Yeh, "Preparation of TiO, nanoparticles by supercritical
carbon dioxide ", Materials Letters, VVol.62, p.(1923-1926), (2008).
[79] Petri Ahonen, *Aerosol production and crystallization of titanium
dioxide from metal alkoxide droplets™, Technical Research Centre of
Finland,Valtion teknillinen tutkimuskeskus (VTT), Ph.D. Thesis, p.(11), (2001).
[80] O. Carp, C.L. Huisman, A. Reller , ** Photoinduced reactivity of titanium
dioxide", Progress in Solid State Chemistry, Elsevier, Vol.32, p.(33-177),
(2004).
[81] Cheng-Lun Yu, "Titanium Dioxide Thick Film Printing Paste For Dye
Sensitized Solar Cell*', Master Thesis, Case Western Reserve University, p. (2),
(2011).
[82] Farzana Hussain, Mehdi Hojjati, Masami Okamoto, Russell E. Gorga,
"Review Article: Polymer-Matrix Nanocomposites, Processing, Manufac-
turing, and Application: An Overview", USA, (2006).
[83] Kurt E. Geckeler and Hiroyuki Nishide, ""Advanced Nanomaterials",
WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim, Vol.1, (2010).
[84] Carlos Pérez Bergmann and Ménica Jung de Andrade, "*Nanostructured
Materials for Engineering Applications™, Springer-Verlag Berlin Heidelberg,
(2011).

108



References

[85] Thomas Schroeder, *""Physics of Dielectrics and DRAM", IHP Im
Technologie park(25 15236) Frankfurt (Oder) Germany.
gLl o dgane anlis salsall o deae sl il ol sadla cpall oMo el [86]

(1999) ,(181-179u=) L sl Sl daalall "dluaad) Adpdail)
[87] William D. Callister, Jr., ""Materials science and engineering an
introduction™. John Wiley & Sons, p.(702-709), (2007).
[88] Kwan Chi Kao, "Dielectric Phenomena In Solids With Emphasis on
Physical Concepts of Electronic Processes", Elsevier, Inc, ( 2004).
[89] Harinath Aireddy, " Investigation of Physico-Mechanical & Dielectrical
Properties of Bio-Waste Reinforced Polymer Composites", National Institute
of Technology, Rourkela, India,(2011).
[90] D. Halliday, R. Resnick ,"Fundamentals of physics", John Wiley and sons,
Inc, NEW YORK, P.(489-499), (1974).
[91] J.C. Anderson, "Dielectrics™, Chapman and Hall LTD, London, P.(39-
48,121-149),(1964).
[92] B. Tareev, "Physics of dielectric materials”, Mir publishers, Moscow,
P.(101-145,174-202), (1979).
dads | pieale Ay " A1l Gl g3l (e Al jgSll )1 gad) pudaad” |Gl ) dea) e [93]

(1995) ¢alary
[94] J.R.Reitz, "Foundation of electromagnetic theory", 3" edition, Addison-
Wesely, Inc, U.S.A, P.(75-113), (1979).
[95] James D. Patterson, Bernard C. Bailey, ** Solid State Physic Introduction
to the Theory", Springer-Verlag Berlin Heidelberg ,(2007), p.(509), (2007).
[96] Jalle, "An outline of polymer chemistry”, Oliver and Boyed, Ltd, (1974).
[97] M.C. Lovell, AJ. Aery, and M.W. Vernon, "Physical properties of
materials”, New York (1976).
[98] R.A. Levy, "Principle of solid state physics", 4™ edition, Academic press
(1976).
[99] H. Frohlich, "Theory of dielectrics”, 1% edition, Oxford University Press.
(1958).
109



References

[100] S. Borowitz, and A. Beiser, "Essentials of Physics", 2™ edition, Addison-

Wesley publishing Company, (1971).

[101] Mailadil t.Sebastian, "dielectric materials for wireless communication”,

Elsevier, (2008).

Aad) £l 38" 350 g0 gy gSall SLE SLE Al (gl dm a1 [102]
(1988) ,(329-299) U= ¢ sall daala ¢ galall undl 5 Jlall aaladil 5 5) 5 5 ¢"dubeal

[103] R.S. Khurmi, R.S. Sedha, "*Material Science", 2" edition, S. Chand and

Company Ltd, (1989).

[104] Zuo-Guang Ye,""Handbook of dielectric, piezoelectric and ferroelectric

materials Synthesis, properties and applications **, Wood head Publishing

Limited,(2008).

[105] W.D. Gingery, H.K. Bowen, and D.R. Uhlmann, "Introduction to

Ceramic™, 2™, Wiley New York, (1976).

[106] D. Halliday, R. Resnik, "*Physics™, Part (1,2), John Wily and Sons., Inc.,

(1962).

[107] Anthory, R. West, ""Solid state chemistry and application®*, (1989).

[108] Abdullah A. H. Al-tamimi, "Preparation and Study of The Dielectric

Properties of some Epoxy Composite ", Master Thesis, College of Education,

University of Basrah, (2003).

[109] I.J. McColm, **Ceramic Science for materials Technologists', Leonard

Hill, New York, (1983).

[110] Department of Defense Handbook, **Composite Materials Handbook™,

Vol.5, Ceramic Matrix Composites , U.S.A, Mil-Hdbk(17-5), P.(27), (2002).

[111] A. H.A. Al-Fouadi, "Dielectric Properties of Local Clay-Based

Cordierite Ceramics™, Al-Mustansiriyah University, Ph.D. Thesis, (2007).

[112] K.J. Pascoe, "Properties of materials for electrical engineers"”, John

wiley and sons, London, P.(173-194), (1974).

[113] L. H. Van Vlack, "Elements of materials Science and engineering", 5"

Edition, Addison-Wesley, (1987).

110



References

[114] Peter Barber, Shiva Balasubramanian, Yogesh Anguchamy, Shushan
Gong, Arief Wibowo, Hongsheng Gao, Harry J. Ploehn and Hans-Conrad zur
Loye, "Polymer Composite and Nanocomposite Dielectric Materials for
Pulse Power Energy Storage ", Materials, Vol. 2, p.(1697-1733), (2009).
[115] L.A.Utracki, "Polymer Blends Handbook™, Kluwer Academic
Publishers Dordrecht, Boston,London, Vol. 1, P.(925), (2002).
[116] Jean Sebastien Plante and Steven Dubowsky, "International Journal of
Solids and Structures ", Vol.43, p.( 7727-7751), (2006).
[117] J. Stanek, "Electric melting of glass", Elsevier Scientific Comp, LTD,
Amsterdam, P.(28-31) ,(1977),.
[118] S. Felix, S.S. Sonja, "Industrial ceramics®, John Wiley and sons, Inc,
New York, U.S.A, P.(1050-1075), (1963).
[119] I.bunget, P.Mihai, "Physics of solid dielectrics", Elsevier Oxford, P.(259-
281), (1984).
[120] E. Kuffel, W.S. Zaengl and J. Kuffel, ""High Voltage Engineering
Fundamentals™, 2" Edition., New Delhi, P. (369, 374, 382), (2000).
[121] 1. Kroschwitz, Jacgueline, "Electrical and Electronic Properties of
Polymers: A State of Art Compendium", United State of America, P.(106-
107), (1988).
[122] A.R. Blyth, "Electrical properties of polymers"”, Cambridge university
press, London, P.(140-155), (1979).
Al ¢ A agall L) paad) 3 gall Gaand Jandl) dul ja"cane &) daale s s2l) [123]
(2004) oy dadls ¢ fisale

[124] E. Kuffel, W. S. Zaengl, "High-Voltage Engineering” fundamentals,
Toronto, P. (402-403), (1984).
[125] E. kuffel, M. Abdullah, "High Voltage Engineering", Britain, P. (78- 82),
(1977).
daala ¢ aladl Canll ) el asledll 351 55 ¢ Alad) Sl dwdia™ B e - &) (S 1 [126]

[(1982) ,(91-82) L= «Juasal
[127] R.C. Buchanan, "Perpratrneil of Engineering”, New York, (1976).

111



References

[128] D.V. Razevig, "High Voltage Engineering"”, Translated from Russian,
M.P. Chourasia, Khanna publisher, New Delhi, India, P.(96-100), (1978).

[129] Roland Coelho, "Physical of Dielectrics” for engineering, Vol. 1, New
York, P. (143), (1979).

[130] R. L. Timings, "Engineering Materials", Vol. 2, 2™ edition, Malaysia, P.
(300). (2000).

[131] R. Popielarz, C.K.Chiang, R.Zozaki and J.Obrzut,” J. of Am. Chem."
Soc.", Vol.34, p.(5910-5915), (2001).

[132] S. Singha and M. J. Thomas, "IEEE Trans. Dielect. Elect. Ins.”, 15, 1,
(2008).

[133] D. Ravinder and K.V. Kumar," Bull. Mater. Sci."”, 24, 5, (2001).

112



Abstract

This research includes studing the effect of additioning ceramic
materials which represents by aluminum dioxide (alumina-Al20s) and
titanium dioxide (titania-TiOz2), with different particle sizes ranging between
micro size and nano size as dispersion to unsaturated polyester (UP) as a
matrix material and also the studing some affecting factors on the dielectric
strength, dielectric constant, dispersion factor (loss tangent), and X-ray
examination of the composite material. Reinforcement ceramic materials
(alumina and titania) with weight fraction (1%, 2%, 3%, 4%) was added to
unsaturated polyester, and prepared by Hand lay-Up Molding and the
thicknesses ranged between (1-4) mm. Generally, the results of tests showed
increases dielectric strength with the increases in proportion of additive
ceramic, and the values of dielectric strength of the composite (UP + TiOz2)
was less than the values of dielectric strength of the composite (UP + Al203)
This is due to high dielectric constant possession for titanium dioxide, with
dielectric loss factor higher than alumina compared with other insulator
materials and also it appear that the dielectric strength decreases with

increasing dielectric loss factor.

The results showed for both Composite (UP + Al203) and (UP + TiO2)
respectively, a decrease in the dielectric strength with thickness increasing,
and increasing in the dielectric strength with the increase in the average
elevating voltage. The effect of the number of applying breakdown voltage
on the dielectric strength for both Composite has decreased dielectric
strength clearly after the first round. The results showed for both Composite
(UP + Al203) and (UP + TiO2), respectively, an it was shown also the
increase in the values of dielectric constant with increasing of the proportion



of additive ceramic (alumina + titania) and a decrease in the values of
dielectric constant with increasing frequency, either tangent loss was
observed that its value increases with increasing frequency to reach to the
highest value at the relaxation frequency, and then its values start to decrease
gradually at frequencies greater than relaxation frequency.The x-ray
examinations made clear to both Composite (UP + Al203) and (UP + TiOz2)
on the whole, in the region in which the electric breakdown occurs any
change in the phases for the constituent materials of the sample does not
seem and there is no new material has been apear after the test. The images
taken for the electric breakdown points by using optical microscopy has
shown the sample coaled in the electric breakdown area as a result of
polymeric chains of unsaturated polyester (UP) destroyed, and there is
appearance of microscopic cracks as a result of electric breakdown extends

directly from the point of electric breakdown.



