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Abstract:

In this study, we studied the structural properties, which included  X-
ray diffraction and electrical properties, which included: ac-conductivity
(oac), real dielectric constant (¢') and loss tangent of dielectric (tan 9),
thermal properties, including thermal conductivity (K) for the nano
polycarbonate polymer as a function of temperature and pressure in the

same time.

The pressure values in this study were (0, 61, 65, 69, 73, 78, 82) MPa and
the temperature values were (25, 50,100,150,200,250) °C.

The structural parameters calculated from x-ray diffraction are grain
size, degree of crystallinity, d-spacing and inter-chain distance. And it has
been shown that all previous parameters increase with increasing

temperatures and decrease with increasing pressure.

The results of electrical properties showed that the values of
electrical conductivity increased with increasing pressure, temperature and
frequency. However, the values of the real dielectric constant and the loss
tangent of dielectric have been shown to be inversely proportional to

frequency while directly proportional to pressure and temperature.

As for thermal properties, thermal conductivity is inversely

proportional to pressure and directly with temperature.
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List of abbreviations and Latin symbols

Abbreviation/Symbol

Meaning

PC Polycarbonate
BPA Bisphenol A
Ty Glass transition temperature
PET Polyethylene terephthalate
atm Atmospheric pressure
SAN Styrene-Acrylonitrile
ABS Acrylonitrile-butadiene-styrene
PANI Polycarbonate —polyaniline
CB Carbon black
PTFE Polytetrafluoroethylene
GNP Granular graphite nanoparticles
PS Polystyrene
PVC Polyvinyl chloride
Pa Pascal's
n Positive integer
dhki The spacing of the crystal layers
Xt Angle 26
A Peak height
P: Angular location of top peak




Abbreviation/Symbol

Meaning

l: (20) Totally scattering for separated peaks in the
spectrum
Inor (20) Totally scattering for spectrum
B Number of separated peaks in spectrum
WAXD Wide angle X-ray diffraction
Xc The degree of the crystallinity
Ic Intensity of crystalline region
la Intensity of amorphous region
D Grain size
B The line broaden_ing at_half the maximum
intensity
0 Bragg angle
r Inter-chain distance
k Thermally Conductivity
Q The local heat flux density
Kt Coefficient of thermal conductivity
dT Temperature gradient
dx
Te, Ts, Ta The temperature of the disks C, B, A
respectively
ds Disc thickness
C Capacitance of the sample
d The thickness of the sample
€o The permittivity of vacuum
f Frequency of the applied field
® Angular frequency
Oac AC-conductivity




Abbreviation/Symbol Meaning

tan o The loss factor
g Real dielectric constant
g Imaginary dielectric constant

A The cross section area of the sample
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Chapter One Introduction

1-1 Introduction

Plastic materials are preferred for designers and engineers, because
of the advantages of these materials since they are lightweight, corrosion-
resistant, flexible, easy to process, transparent and a number of other
properties. Polymers have distinct properties that are otherwise
unavailable. The most important is the ease of production and resistance to
oxidation and acidic and basic solutions, as well as the speed of colouring
[1, 2].

The scientific and industrial importance of polymer science has
grown significantly in the late 20th century, where statistics show that
(40%) of scientists and (20%) of engineers work in the fields of plastic
technology and industries [3].

Polymers are long-chain molecules of very high molecular weight.
For this reason, the term “macromolecules” is frequently applied when
referring to polymeric materials [4].

Polymers are large particles comprised of chemical repeating units
that are associated with one another as a series of beads. They usually
contain more than five monomers and others may contain hundreds or
thousands of monomers in each series [5].

One of the most commonly used polymers in the world is called
polycarbonate (PC), which is one of the polymers of thermoplastics. It
contains in its chemical structure a group of carbonates. There are many
applications of polycarbonate used in engineering because it is tough,
strong and optically transparent in some grades, it works easily in terms of

thermoformed and moulded [6].
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There are trace amounts of monomer bisphenol A (BPA) in

polycarbonate products, Bisphenol A is produced by the condensation of

phenol with propanone [7].
1-2_Application of PC:

Polycarbonate is a very useful plastic material in applications

requiring high resistance and transparency. It is used as a natural filter for

ultraviolet radiation and a lighter alternative to glass. It is therefore used

for eyewear and many other industries as in the following examples:

X/
0’0

Electronic Ingredients:

Polycarbonate is a material that is used mainly in electronic
applications which require heat resistance characteristics and good
electrical insulation and flame retardant. It is used in
telecommunications hardware, in electrical appliances and in mobile
phones. It was used in (2011) for the first time in mobile phones by
(Nokia) company in the (N9), and then used in (2012) as a cover for
batteries in the third version of the phone of (Samsung's Galaxy), and
then began Apple Company in (2013) to use it as a body in (iPhone
5C's) [8].

Construction material:

The construction industry is the second biggest consumer of
polycarbonate, where it's used in the curved or flat glass and in the
sound walls, which require multiwall or flat solid sheet, or corrugated
sheets.

Data storage:

The production of discs of all kinds (Compact, Blu-ray and DVDs)
iIs one of the basic applications of polycarbonate, which is
manufactured by a mould cavity that is injected by the moulding of
polycarbonate into its, these mould has a side of the mirror surface

and the other side a negative image of the disk data.
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+«»+ Security, aircraft, automotive and railway components:
Very smooth surfaces can be obtained in the automotive industry
when using injection moulding of polycarbonate, which makes these
surfaces suitable for evaporation deposition of aluminum without the
requirement for a basic layer. Optical reflectors and decorative bezels
are usually made of polycarbonate. Polycarbonate is considered to be
one of the most widely used materials in the lens industry for
automotive headlamps, due to its high impact resistance and low
weight. These lamps require an external coating to protect against
scratches and ultraviolet radiation, which makes them deteriorate
(yellowing). The use of polycarbonate is limited to low-stress
applications for cars, where the stress caused by plastic welding or
moulding render or fasteners effects on the polycarbonate and make
it susceptible to stress corrosion cracking such as plastisol and salt
water. Polycarbonate can be used in the manufacture of bullet-proof
windows, as well as in the manufacture of thick plastic transparent
barriers to bank windows and teller's windows by making it in the
form of laminated layers [9].
+» Specialty applications:

In many small applications, polycarbonate is a versatile material
with physical properties and attractive processing, such as the
industry of glasses, food containers and inverted syrup bottles.
However, the use of (BPA) in polycarbonate industries has increased
potential hazards in food contact applications, and thus led to the
development of polycarbonate and to be used free of (BPA) in
various formulations. Other applications in which polycarbonate is
used are swimming glasses, sunglasses, safety glasses, sporting
helmets, police riot gear and windshields for many motorcycles, golf
carts and helicopters [10].
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1-3 Literature Review:

In (1970), Siegmann A and Geil PH studied the possibility of
crystallization of the polycarbonate glass state and found that the thermal
treatment under T, affected the amorphous regions, causing it to be
arranged and increased the degree of crystallization of polycarbonate, and
the crystallization rate of the PC increased when the annealing under the
Ty and after that the seed nuclei is formed that affects other processes [11].

In (1984), Murff SR, Barlow JW, and Paul DR studied the mechanical
and thermal attitude of PC- PE and where the results showed that the PET-
PC blends rich in polycarbonate exhibit two glass transitions of the PE-PC
blends point ou the existence of two amorphous phases of this blend.
Interestingly, there is only one T4 of PET-rich blends and thus one mixed
amorphous phase. Given the crystallization behaviour of polycarbonate, it
Is observed that the interaction between PET and PC does not lead to a
common randomized copolymer and it is not very large during the practical
processing conditions and shows that there are no large significant negative
of the PET-PC when studying the mechanical properties of the typical
additions [12].

In(1987), Beckman E and Porter RS studied the Crystallization of
bisphenol a polycarbonate induced by supercritical carbon dioxide, and
they found that when the previous compound is exposed to carbon dioxide
for one hour and at low pressures and temperatures up to (100atm) and
(75°C) respectively, the crystallization will begin and then the degree of
crystallinity will increase rapidly when the pressure increases from (100 to
300)atm for the carbon dioxide, This is probably due to the minimum Ty
of the PC-CO, mixture resulting from the opposite pressure on the glass
temperature of the polymer [13].
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In (1987), Marshall J, Skochdopole RE and Finch CR studied the
mechanical, thermal and impact properties of the polycarbonate mixture
with two types of Styrene-Acrylonitrile (SAN), obtained by injection
moulding. Where the results showed linear dependence and for many
parameters, such as the heat distortion temperature, modulus and strength
with blend composition and also showed that the solubility is limited
among the components when analyzed by T, where the soluble of SAN
more than the PC [14].
In (1988), Kim and Burns Concerning the thermal behaviour found that
the Ty of PC in PCIABS blends reduces linearly with rising the
acrylonitrile-butadiene-styrene (ABS) content. The T4 of ABS, on the other
hand, increased linearly with rising polycarbonate amount. The T, decrease
of polycarbonate in PC/ABS blends was attributed to the polybutadiene
chains acting as a plasticizer for PC [15].
In (1991), Amin M and others studied the Current-voltage characteristics
of polycarbonate samples (PC) have been studied in the voltage range 50—
1000 V and thermal annealing on the electrical conductivity (o) of PC.
They have seen that the conductivity decreases with increasing time of
annealing (2 h to 24 h). This may be due to the decreasing of free ions due
to recombination [16].
In (1999), Jeon BH, Kim S et al have studied characterization and
synthesis of polycarbonate —polyaniline (PANI) composites that produced
in emulsion polymerization manner, they found that increasing the
temperature of the glass transition increases electrical conductivity This is
due to the facility of transmission of the electron through the hydrogen
bond between the (PC) and the (PANI), that resulted from the frequent
contact between the PANI chains. Furthermore, the mechanical properties
have shown that low (PANI) content results in a decrease in the tensile
strength of the compound, because of the (PANI) functioned as a defect in
5
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polycarbonate matrix, and also led to increasing the tensile modulus
continuously due to the higher rigidity of the (PANI) than molecules [17].
In (2000), Beyer J, Morshuis PH and Smit JJ studied the conduction
current measurements on Polycarbonate samples which underwent
simultaneous electrical and thermal aging. Where By recording the
conduction current for different values of the electric field strength a
transition from ohmic to high field conduction has been observed [18].

In (2000), Lee WJ, Kim YJ and Kaang S studied the electrical properties
of polyaniline (PANI)/sulfonated polycarbonate blends, where they used
the conductor polymer polyaniline (PANI), and the matrix was
polycarbonate, which was prepared by using the blending method. Using
thermal and mechanical properties, the researchers were able to monitor
the effect of ionic groups of polycarbonate. Morphology and electrical
conductivity was also measured using the amount of (PANI) complex with
the presence of protonating agents, it was observed that the amount of
(PANI) complex protonated increases with increasing electrical
conductivity up to (7.5 S/cm) [19].

In (2007), Onbattuvelli VP studied the synthesis and characterization of
palladium/polycarbonate nanocomposites, where the electrical, optical and
thermal properties of nanocomposites have been studied in terms of the
effect of varied morphology on them. Thermal stability and better optical
transmission in ex situ nanocomposites were observed by the thermal
stability of this composites on the heating rates, while higher electrical
conductivity was detected in situ nanocomposites. By varying the shape,
size, distribution and concentration metal nanoclusters, synthetic strategies

can be developed to design new materials [20].
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In order to study the properties of the dielectric (permittivity €', resistivity
p, dielectric relaxation time 1, dielectric relaxation process, dielectric loss
€) in terms of the influence of (MnCI2) salt on them, Ayesh AS prepared
in (2008) the (PC/MnCI2) composites, at room temperature and at the
frequency range (10 Hz to 306 kHz), studies of dielectric were performed
as a function of salt concentration and frequency and the results showed
that with increased frequency value and salt concentration, the resistivity
of the composite would decrease. There was a change in the dielectric
properties of the (PC) when the (MnCl2) salt was added to the (PC) host.
They also found an increase in the dielectric loss and permittivity and
reducing the thermal stability and relaxation time when broadening the
dielectric spectra [21].

In (2009), Ya. Lebedev et al studied specimens of Teflon by the use of x-
ray diffraction. At first, three polymer components were used for the
carried out quantitative analysis of X-ray powder. One crystalline phase
and two amorphous phases were figured out for each specimen of Teflon.
By the low molecular weight outputs, one of the amorphous phases was
formed. Through XRD methods and computer simulation, the structure of
this phase was confirmed [22].

In (2011),Michael D. Via, Julia A. King, and Michelle E. Kinget
studied the Electrical and thermal conductivity of carbon
black/polycarbonate composites, where added varying amounts (2 to 10 wt
%) of Carbon black (CB) to polycarbonate (PC), and the results showed
that the carbon black/polycarbonate composites have electrical and thermal
conductivity more than pure polycarbonate because of the Carbon black
(CB) is very effective at increasing electrical and thermal conductivity for
the composite [23].
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Some thermal analyses were applying by Rodrigo Canto et al in (2011)
on the samples of pure or filled (PTFE) powders. These samples were
obtained by uniaxial compaction or by isostatic pressing. Significant
deformations were observed for the samples, which depended mainly on
the pressure mode and level, and when applying the uniaxial compaction
on these specimens, these distortions will be anisotropic strongly. As the
various mechanisms, such as void closure and thermal expansion and
recovery are the main cause of these deformations, which were observed
during sintering [24].

Julia A King et al studied in (2012) the possibility of adding granular
graphite nanoparticles (GNP) to polymers for making an electrically
conductive compounds, where varying quantities of graphite nanoparticles
were added to PC, the electrical conductivity of these resulting composites
was measured, and the addition of (GNP) to polycarbonate increased the
composite electrical and thermal conductivity. The (8wt %) (5.0vol %)
(GNP) in polycarbonate composite had a good combination of properties
for electrostatic dissipative applications. The electrical resistivity and
thermal conductivity were (4.0 x 107) ohm-cm and (0.37) W/m - K,
respectively [25].

The electrochemical characteristic and the electrode structure of poly
(tetrafluoroethylene) are influenced by heat treatment time, as a conclusion
by MinJoong Kim et al in (2013). The results showed that the large pore
volume in the electrode decreases with increasing heat treatment time and
concentration overpotential in the high-density region [26].

In 2018, Sumadiyasa and Manuaba studied the possibility of using XRD
technology to determine the size of the crystallite by applying the
Williamson-Hull equation and Scherrer equation and apply them on
Image-J software, then they found that the results are almost identical in

both previous equations [27].
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Gupta A and Goyal RK in (2019) studied the electrical properties of
polymer matrix nanocomposites based on polycarbonate as matrix and
expanded graphite (EG) as reinforcement, were fabricated using a simple
solution method followed by hot pressing, and they found that the dc and
ac electrical conductivities of the nanocomposites increased with
increasing EG content in the matrix. They found that the increase in
electrical conductivity, dielectric constant, and dissipation factor for the
nanocomposites might be good for the applications in

antistatic/electromagnetic interference shielding applications [28].
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1-4 The aim of the work:

Due to the numerous and important uses of polymeric and plastic materials
in previous years and in many advanced industrial applications, the

purpose of the survey is as follows:

1- Investigation of the thermal properties of Nano PC at different
temperatures and pressures.

2- Calculate the degree of crystallinity, Grain Size, d-spacing and the
inter chain distance of Nano PC at different temperatures and
pressures.

3- Investigation of the electrical properties of Nano PC at different

pressures and temperatures.

10
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Chapter Two Theoretical Part

2.1 Introduction

The word “‘polymer’’ is derived from the Greek (poly) and (meros),
meaning many and parts, respectively. Some scientists prefer to use the
word ‘‘macromolecule,’” or large molecule, instead of polymer. [29]

The polymer is formed by a combination of quite small molecules called
monomers by the interaction between them that called polymerization [30].

There are two types of polymerization, namely polymerization of
condensation and addition, which were explained in (1929) by Carothers,
Where the interaction of conversion from monomers to long-chain
polymers by the elimination of small molecule such as water called
polymerization condensation, While the interaction of conversion from
small chain monomers to long-chain polymers without the elimination of
any small molecules or atoms, is called addition polymerization [31].

2-2 Classification of Polymers: [32-35].

There are several ways of classification of polymers based on some

special considerations. The following are some of the common

classifications of polymers:

CLASSIFICATION OF POLYMER ‘

Based on. origin of Based on .molecular Based onl mode of
Source Based on swucture forces polvmerisation
1. Natural . 1. Addition
™ polymers — 1.Linear polymers [f=— 1. Elastomers polymers
| | 2. Semi- || 2.Branched chain 2 Fib 2. Condensation
synthetic polymers <. Tibres polymers
|
3. Synthetic 3. Cross-linked .
— | polv¥mer T polyvmers 3.Thermoplastics
4. Thermosetting
polvmers

Figure (2-1) ways of classification of polymers [33].

11
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(2-2-1) Classification Based on Source:

There are three subcategories under this sort of classification:
a- Natural polymers:

Plants and animals are natural sources of the polymer, which are
found in animals in the form of proteins, or in plants in the form of cellulose
and starch, as well as rubber that is harvested from the latex of the tropical
plant considered as a natural polymer.

b- Semi synthetic polymers:

When the natural polymers are modified in the laboratory, the
resulting polymers will be called Semi-synthetic polymers. These
polymers have commercial significance such as Cellulose acetate (rayon),
as well as Vulcanized Rubber, which uses sulfur as a bonding material in
the natural polymer( Which uses sulfuric as a bonding material in natural
rubber chains ). These Semi-synthetic polymers are formed in a controlled
environment and by some chemical reactions.

c- Synthetic polymers:

Polyethylene, which is used in packing, as well as Nylon Fiber,
which is used in fishing nets and clothing, is a common example of
Synthetic Polymers. These polymers are synthesized in laboratories and
are used commercially for human necessities
(2-2-2) Classification Based on Structure of Polymers:

As shown in figure (2-2), there are three different types based on the
structure of the polymers:

a- Linear polymers

PVC (Poly-vinyl chloride) is a common example of these polymers,
which have a high density and melting point, where the structures of these
polymers are similar and their straight long chains are bound by identical

links connected to each other.

12
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b- Branched chain polymers

Low-density polyethene (LDPE) used in containers and plastic bags
Is one of the Branched-chain polymers. The structure of these polymers is
similar to the branches originating at random points from a single linear
chain, and their low densities and melting points indicate that the polymers
not closely packed together because of the different branches lengths and
associated with straight and long chains that created by the monomers
c- Cross linked or Network polymers

A three-dimensional network is formed by monomers linked
together in this type of polymer, these polymers are hard and brittle because
they contain monomers with strong covalent bonds. Examples of these

polymers are Melamine and Bakelite used as electrical insulators.

Linear Polymer Branched Polymer Cross-linked Polymer

Figure (2-2) some patterns of polymers based on the chain forms

(2-2-3) Classification Based on the Mode of Polymerization:

Polymerization is the process by which monomer molecules are
reacted together in a chemical reaction to form a polymer chain (or three-
dimensional networks). Polymers based on this type can be classified into:
a- Addition Polymers

Additional polymers are formed by the frequent addition of
monomer molecules such as the formation of polypropene from propane
and polythene from ethene. There are two types of polymers: copolymers

13
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polymers such as Buna N, Buna S which formed by the addition of
polymerization of two different monomers, the other type is homopolymers
such as polythene, which made by polymerization of the single monomeric
gender.
b- Condensation Polymers

Nylon 6 is a common example of this type of polymer. In a frequent
reaction between two monomer unit (tri-functional or bi-functional)
condensation polymers will be formed, small molecules such as water,

alcohol and hydrogen chloride are eliminated during this reaction.

(2-2-4) Classification Based on Molecular Forces:

The strength of the forces between molecules in solids such as
polymers affect the properties of these materials. Polymers can be
classified into four species depending on the molecular forces:

a- Thermoplastic Polymers

These polymers are softened when heated and hardened when
cooled, it can be easily shaped by heating and using moulds, as it does not
contain any cross-links. The long chains of these polymers are linked by
inter-molecules forces (Van der Waal’s forces), such as (PVC), which is
used in the manufacture of pipes and polystyrene.

b- Thermosetting Polymers

These polymers have a low molecular mass and are semi-fluid in
nature, but when heated, they will become infusible and hard and start to
cross-link between polymer chains, and formation a three-dimensional
structure, which is irreversible in nature and examples of that Bakelite that

used in the insulators.

14
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c- Elastomers

These solid materials are elastic, rubber-like, and stretchable
because the intermolecular forces that bind polymer chains are weak.
These polymers can return to their original place after releasing the forces,
due to the presence of ‘cross-links’ amongst polymer chains, such as
neoprene and vulcanized rubber.

d- Fibers:

These polymers are a thread-like in nature where they can be easily
woven. These fibers have a high melting point, high tensile strength and
low elasticity, because of the strong inter-molecules forces between the
chains. These intermolecular forces are dipole-dipole interaction or
hydrogen bonds. These fibers are used in apparels and carpets such as
Nylon-66

2.3 Polycarbonate:

Polycarbonates are polyesters of carbonic acid and diols or
diphenols that feature a carbonate group (-O-C (0)-O-) in their repeating

unit and which are each of the aromatic and the aliphatic type [36-38].

| © Tﬁ ©

[-0—L—0 ]

carbonate O n
group CH;

Figure (2-3) structure of polycarbonate.

Polycarbonates are a principal engineering plastics which find uses
in a wide range of fields, in particular in appliances and consumer goods,

packaging and building materials, and electrical, automotive, aircraft, and
15



Chapter Two Theoretical Part

electronic components, safety helmets, optical lenses, load-bearing
electrical components, shields, medical apparatus, electrical insulators,
business machine components. Certainly, they feature excellent physical
properties, a fair chemical resistance, very good heat resistance, flame
retardancy, excellent toughness, electrical insulation, optical
characteristics, and fair processing, A variety of materials are produced and
are useful by polycarbonate, which has the characteristics of transparency
and shock resistance such as bulletproof glass [36-38].

The Polycarbonate is for the time being most commonly synthesized
by the ring-opening polymerization of cyclic carbonate monomers or the
copolymerization of epoxides with carbon dioxide, while the past approach
allows in some status the preparation of telechelic polymers, that
oftentimes impeded by the formulation of the five-membered cyclic
carbonate side product and by the concomitant decarboxylation reaction
leading to poly (ether-carbonate) instead of nano Polycarbonates. [36-38].
Through the 1980s, polycarbonate turned into the principle thing of
business and research was done on its properties, including optical
qualities, electrical and mechanical properties. In view of its capacity to be
changed and custom fitted to explicit applications, the polycarbonate

business is very broad [39].

2-4 Principle of Powder Diffraction:

X-rays can be defined as wavelength-specific electromagnetic
waves, located between ultraviolet rays and gamma rays, whose
wavelengths range from (0.1-100) A, so they are best used in most crystal
diffraction experiments. In general, X-ray diffraction depends on: the
crystalline structure and the wavelength of the radiation used, that is, the

wavelength should be equal to or near the fixed lattice.

16
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The scientific technique used to characterize the structure of the
material is called powder diffraction which use x-ray, neutron or electron
in the detection of micro-crystalline or powder samples.

Even if the size of the crystal is very small, the powder diffraction
technique can provide accurate structural information about that crystal.
The applications of powder diffraction have increased dramatically in
recent years. This technology has been used in the manufacturing, research
and data processing, and has given laboratories the ability to quickly
characterize and analyze unknown materials. This technique allows a rapid
and non-destructive analysis of multi-component mixtures without the
need for preparation of these samples, This technique has been applied in
many fields such as materials, chemistry, geology, forensics, mineralogy,
biological, pharmaceutical and archaeology sciences. This technique is
characterized by:
> Simplicity of specimen preparation: many materials are readily
available for this technique.
> Rapidity of measurement: collection times can be very short, since
all possible crystal orientations are measured simultaneously. It is
one of the most powerful methods to characterize and identify new
materials [40-43].

Bragg reached to deduce his law, which is based on the difference
of the path between the incident and reflected radiation, which is equal to
the length of one wave or the correct multiples of the wavelength (n ).

Bragg's law is described in the following relation: [44]

Zdhkl SiINO =nNA ... v v e e .. (2 - 1)
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Where:

n is a positive integer

A is the wavelength of the incident wave

dnie 1S the spacing of the crystal layers (path difference)

0 is the incident angle (the angle between incident ray and the scatter plane)
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Figure (2-4) Bragg diffraction.

In order to achieve the reflection of Bragg, this condition, which is called
the Bragg condition, must be met [44].
A< 2dpg e (2= 2)

The information that can be obtained by studying X-ray diffraction is:
(2-4-1) Degree of Crystallinity:

It is the degree of structural arrangement in the solid materials where
atoms or molecules are organized in a uniform and periodic manner in
crystal. This property plays an important role in influencing the density,
hardness, transparency and diffusion of materials and can be extracted by
differential scanning or X-ray diffraction [44].

There are several methods to determine the degree of crystallinity
by X-ray diffraction:

a- Separation of overlapping peaks: This method was applied in (1989) by
Sh.M.Abdo and Hineleh on synthetic polymers. The degree of
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crystallization was determined in the cases of preferred orientation or
texture polymers.

It requires quantization crystalline in this method to separate the
distribution of intensity of peak of the amorphous regions from crystalline
regions, it also requires correction of the intensity from the effect of the
Lorenz factor and polarization [45].

The intensity Iy can be calculated based on the Gauss function and

according to the following equation:

lea =57, G, = Y A, exp[— In 2[%}2] e (2°3)
Where:

A:: Peak height;

Xi: Angle 26;

n: Number of height peaks calculated,;
P:: Angular location of top peak.

The ratio between the scatterings of the totally separated peaks to total
scattering under the form side of the spectrum at a specified angular range

is known as crystallinity Xc and as shown in the equation below: [46].

SB[l 1:(26)d(20)

Xe =
T 22 lnor (20)(20)

Where:

Inor (20): totally scattering for spectrum;

l; (20): totally scattering for separated peaks in the spectrum;

B: number of separated peaks in spectrum;

20,-261: angular range chosen.

b- Wide-angle x-ray diffraction (WAXD): is one of the most common
methods to calculate the degree of crystallinity. The entire area under the
curve represents the intensity of the X-ray scattered. This area is divided

into two regions, called the crystalline region and the amorphous region,
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where the intensity of the beam is measured in each region, the intensity of
X-ray in the part (Ic) will be under the sharp peaks, while the intensity of

x-ray in the amorphous part (I,) is the remaining area under the curve [47].

14.07 Refined Pattern
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)
& 100
=
w Amorphous Peak
E 8.0+
.
(]
5]
&= 6.0
w
T
£ 40 —
2101 -
Crystalline Peaks
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10 12 14 16 18 20 22 24 26 28
2-Theta({deq)

Figure (2-5) shows the amorphous and crystalline regions.

For this method, the degree of crystallinity is calculated by the following

equation:
Ic
0f = -
Xc % TR (2-5)
Xe %= (o) L. (2-6)
_ lay 4
Xc%=(1+ =) T (2-7)
Where:

la: Intensity of amorphous region;

Xc: Is the degree of the crystallinity of the polymer;
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Ic: Intensity of crystalline region.
In this method, it is preferred a slow speed of angular scanning and
long count times to get high-quality data, where this method is superior to

that of conventional intensity minimum line structure method [48].

(2-4-2) Grain size:
The grain size (D) is calculated by Debye-Scherrer equation: [49]

D = KA 2—8
_,Bcosﬁ N )
Where:

D is the grain size (A);

B is the line broadening at half the maximum intensity (FWHM)(A);
A is the X-ray wavelength(1.5418 )(A);

0 is the Bragg angle(deg);

K is a dimensionless shape factor, with a value close to unity (0.89-0.9).

(2-4-3) Inter-chain distance:

The inter-chain distance (r) is calculated by flowing equation: [50]

5 A g
= — % —_
r 8 sinf ( )
Where:

0 is the Bragg angle(deg);
r is the inter-chain distance (A);
A is the X-ray wavelength(1.5418 ) (A);
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(2-4-4) d-spacing:
The d-spacing can be described as the distance between planes of
atoms that give rise to diffraction peaks, Calculation of the interstitial

distance of crystalline materials according to Bragg's law [51].

Figure (2-6) showing the d-spacing between the planes of atoms.
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2-5 Thermally Conductivity:

Polymers are poorly thermal conductivity materials and this fact
leads to the identification of one of the most important thermal properties
that affect most industrial applications known as thermally conductivity
[52].

Thermal conductivity is one of the methods of heat transfer in the
material. It is referred to as the ability of the material to connect the heat
and transfer it. Its denoted by x,k, or A. There are other methods of heat
transfer known as radiation and convection. Fourier’s laws are the basis for
the heat transfer equation [53].

Molecular agitation is responsible for the occurrence of thermal
conductivity. Along the temperature of the gradient, the heat will move
from the high molecular energy (high temperature) regions to the low
molecular energy (low temperature) regions. This transfer will then stop
when the thermal equilibrium is reached. The specific thermal properties
of the material and the magnitude of the temperature gradient are
responsible for the heat transfer rate [54].

The reciprocal of thermal resistivity (W/mK) is thermal conductivity
measurement units that calculated by the equation: [55]

_ 4T

Where:
Q is the local heat flux density (W-m2);

e (2-10)

K is coefficient of thermal conductivity (W-m™-K™);

dT
™ is the temperature gradient (K-m™).

A negative signal means that the heat moves from the high-

temperature zone to the less hot zone.
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There are two basic methods for calculation of thermal conductivity (K):
[54]
e Searle's Bar Method:
This method is used to measure the thermal conductivity (K) of a
material with good thermal conduction. The principle of this system is

the application of Fourier’s law described in Relationship (2-10).

e Lee Disc Method:

This method is simple and effective to calculate the thermal
conductivity of materials with low thermal conductivities, as shown in
figure (2-6).

Ta Te l Tc

S

<

A, C, B: Cupper Disk
S: Sample
H: Electric Heater

—1[1]s O

Figure (2-7) shows Lee disk device [54].

The sample to be examined (S) is placed between the two copper
plates (B, A) and The heater connected to the power supply source is placed

between the two disks (C, B), When a constant voltage difference is placed
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on both ends of the heater, the temperature will increase and the heat
energy will then be transferred to the two disks (C, B) evenly or in very
close quantities, This is due to the full contact of the two disk with the
heater. Thermal energy is transferred from disk (B) to disk (A) by the test
sample (S), from the following equation, we can derive the value of thermal
conductivity: [56]

Tg — Ty
k
[ ds

2 1 1
]:E I:TA‘I‘;I:dA‘I‘ZdS:lTA"'ZdSTB:l ......... (2_11)

Where:
E is the amount of heat passing through the unit of area per second.

The value of (E) can be calculated by knowing that the energy
entering the heater is equal to the energy coming out of it. In other words,
the energy entering the heater is equal to the energy dissipated to the outer

environment via the disks (C, B, A) and thus: [56]

T, +Tg

IV = T[TZE(TA + Tc) + 2ntre [dATA + dS( ) + dBTB + dcTc] - (2 — 12)

Where:

I: Current in the heated coil (I = 0.37 Ampere);

V: The voltage difference on both ends of the heater coil (V = 6 Volt);
Tc, Te, Ta: The temperature of the disks C, B, A respectively;

ds: Disc thickness (2.6)(cm).

2-6 Electrical Conductivity:

The electrical conductivity depends in general on the presence of

free ions or electrons and their movement, These ions or electrons in the
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insulating materials are constrained, because of the strong correlation
between the atoms, which is formed by strong covalent bonds, In other
words, electrons are highly localised in atoms and are not free to roam in
the crystal [57].

Because of the strong bonding of electrons in the case of insulation
materials, including polymers, due to an energy gap, which causes low
electrical conductivity. This conductivity varies from polymer to polymer.
In branched polymers, the value of electrical conductivity is increased by
a certain amount due to the interconnectivity that makes the electrons move
more easily [58].

Electrical conductivity is the measure of the materials susceptibility
to transport electrical charges, and its unit is siemens per meter (S/m) and
its symbol is o [59-61].

The dielectric constant of polymers is of great importance and has
become increasingly important when polymers have been used as
insulating materials, because they are important for engineering
applications. The insulation constant is measured from the capacitance of
the electrolytic capacitor which includes the polymer material as an
insulating medium to the capacitor capacitance when the air only includes
an insulating medium [62,63].

Since the Polycarbonate behaves as an insulator (dielectric material)
at pre-breakdown region (low current region) so it has dielectric properties
which include the real dielectric constant (¢'), the imaginary dielectric
constant  (&") and the loss tangent (tand).

The real dielectric constant (&) or the relative permittivity is the ratio of
the material's permittivity relative to the permittivity of vacuum, [64] and
it can be calculated from the equation:
g = CA/A€0 ooves i ve e (2 —13)
&0 :the permittivity of vacuum;
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C: the capacitance of the sample;
A: the cross section area of the sample;

d: the thickness of the sample.

While the imaginary dielectric constant (g”) (dielectric loss) can be
calculated from the equation:
g =tan 6 *€ .. (2 —14)
tand :is the loss factor which refers to the ratio between the amount of real
and imaginary dielectric constants. [65]

Electrical conductivity is measured from the following equations:

® = 21f i (2 —15)
cac = ®€0€ * tand ... vev v vee e v (2 —16)
Where:

o is angular frequency;
o4 IS ac-conductivity;

f is the frequency of the applied field.
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3-1 introduction:

This chapter includes the materials and devices used in the
preparation process, and includes a method Preparation and the shape of
prepared samples, as well as a general description of the devices used in

this study.

The experimental work is explained in the flowchart of the figure (3-1).

Nano polycarbonate has been used in the form of powder

Weighting

42 samples were weighed, each sample weight was 3 g.

Compacting

every 6 samples were compressed in one of the ranges (0,61,65,69,73,78,82) ) MPa

Heat Treatment

Sintering each Seven of the different pressured samples at one of the ranges
(25, 50,100,150,200,250) °C

v

Degree of Crystalline Grain size d-spacing Interchain distance

Electrical Properties

ac-conductivity loss tangent of dielectric real dielectric constant

Thermally Properties

Thermally Conductivity

Figure (3-1) A flowchart explains the experimental work
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3-2 Samples used

Nano polycarbonate has been used in our current research in the

form of powder and product from Japanese company (Teijin).

Glass transition temperature (Tg) 297°F (147°C)
Compressive strength 80 MPa
Density (p) 1.20-1.22 g/cm3
Thermal conductivity (k) at 23 °C 0.22-0.19 W/(m-K)
Dielectric constant (g;) at 1 MHz 2.9
Dissipation factor at 1 MHz 0.01

Table (3-1) Some properties of Nano PC.

3-3 Samples preparation

The Nano polycarbonate samples are prepared by the following

steps:
(3-3-1) Weighting:

To measured proper weights, we used a sensitive electronic
balance. 42 samples were weighed, where each sample weight was (3g).
When using the sensitive electronic balance in the laboratory, it should be
clean from the inside and outside. It is preferable to use the same balance
throughout the duration of preparation of the samples to avoid the error.
This type of scales has the ability to determine the weights at high
accuracy 10 g (as shown in Fig (3-2).
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Figure (3-2) Sensitive electronic balance.
(3-3-2) Forming (Compacting):

The powder was pressed for 1 min, into disc-shaped pellets 10 mm
in thickness and 19 mm in diameter, using hydraulic uniaxial press on 36
samples, every six samples were compressed in one of the following
ranges (61, 65,69,73,78,82) MPa , as shown in figure (3-3),(3-4).

I 77 A\\\

Figure (3-3) hydraulic uniaxial press with the model.
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-

Figure (3-4) One of the samples after pressing it's by hydraulic

uniaxial press.

(3-3-3) Heat treatment:

Heating each Seven of the different pressured samples at one of the
ranges (25, 50,100,150,200,250) °C for 20min by using a non-vacuum
electric furnace (Carbolite), at the heating rate 5 °C/min. The furnace is
an electrical device with thermal insulation temperature controlled by a
thermal regulator and is used for the process of drying, heating, sintering
and calcification, temperature range ranging from (25-1100) °C, as shown
in figure (3-5).

Figure (3-5) Electric Furnace.
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3-4 X-Ray Diffraction Measurements

In order to measure the Bragg's angle and obtaining a high accuracy

of diffraction spectra for the samples, as well as the intensities of the sites

associated with the angles, the X-ray diffraction system, was used. The

reflections were recorded from the crystalline levels by the counter, which

appears on the computer by a special program

Through the use of an X-ray diffraction device (SHIMADZU Japan)
(XRD600), this technique was worked as shown in the figure (3-6), with

the following features:

Radiation CuKal
Voltage 40 kv
Wavelength 1.5418 A
Current 30 mA
Speed 8deg /min
Range (5-80) deg

Table (3-2) Specifications of XRD device.

Figure (3-6) Show XRD device.
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42 samples were tested in this device at different temperatures and
pressures for each sample in the same time and according to the following

ranges of temperature and pressure:

1- P=(0,61,65,69,73,78,82) MPa
2- T=(RT, 50,100,150,200,250) °C.

Figure (3-7) shows all samples processed for the XRD analysis.
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3-5 Thermal Conductivity Measurements

George and Griffin Company manufactured Lee's Disc device which
was used in our current study, which enables us to calculate the thermal
conductivity of all samples, in which heat is transferred from the heater to
the disc that follows it until it reaches the final disk. The temperature of the
three disks can be determined (TA, TB, TC) using the thermometers
respectively, shown in figure (3-8).

25117 7

ol
oasg

Figure (3-8) shows thermal conductivity test device.

36 samples were tested in this device at different temperatures and
pressures for each sample in the same time and according to the following

ranges of temperature and pressure:

1- P=(61,65,69,73,78,82) MPa
2- T=(RT, 50,100,150,200,250) °C.
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Figure (3-9) shows all samples processed for thermal conductivity

measurements.

3-6 Electrical Conductivity Measurements

The ac-conductivity and the dielectric characteristic such as the
loss tangent of dielectric (tand) ,the real (¢') and imaginary (&') dielectric
constant were measured in the range (50 Hz,1 MHz,3 MHz) using the (
LCR METER) model (8000G Series, GW instek company, Japan,
frequency range (50Hz-10MHz). as shown in figure (3-10).

Figure (3-10) shows electrical conductivity test device.
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36 samples were tested in this device at different temperatures and
pressures for each sample in the same time and according to the following

ranges of temperature and pressure:

1- P=(61,65,69,73,78,82) MPa
2- T=(RT, 50,100,150,200,250) °C.

Figure (3-11) shows all samples processed for electrical conductivity

measurements.
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Results & Discussion

(4-1) introduction :

We will discuss the results of the experimental work in this chapter,

which include the effect of pressure and temperature on some properties of

Nano polycarbonate by using various analyzes and tests, such as electrical

and thermal properties tests, X-ray diffraction analysis.

(4-2) X-ray Diffraction :

(4-2-1) the Degree of Crystallinity from X-ray Diffraction (XRD)

The spectrum of refractive radiation shown in Figure (4-1)(A-B-C-

D-E-F) that scanned in the angular extent of (5°-80°) for the samples

treated at different temperatures between (25 -

pressures between (61 - 82) MPa.

250) °C and different
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Figure (4-1) (A) XRD of polycarbonate at 50 ° C with different pressures.
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Figure (4-1) (B) XRD of polycarbonate at 100 ° C with different pressures.

600 1000
500 P=0 MPa 800 P=61 MPa
@ T=150°C @ = °
£ 400 @ T="150"°C
=2 o
>~ = 600
E 300 =
‘2’ > 400
2
B 200 =
2 2
100 — 200
0 0
5 101520253035404550556065 707580 5 10152025303540455055 6065707580
2 THETA (DEG) 2 THETA (DEG)
1000 1000
800 P=65MPa 800 P=69 MPa
g T=150 °C g T=150°C
<= 600 = 600
= =
o (&)
2 400 Z 400
w w
[ =
2 £
200 200
0 0 .

5 101520 25 30 35 40 45 50 55 60 65 70 75 80
2 THETA (DEG)

5 101520 25 30 35 40 45 50 55 60 65 70 75 80
2 THETA (DEG)

40




Chapt

er Four

Results & Discussion

Figure (4-1) (C) XRD of polycarbonate at 150 ° C with different pressures.
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Figure (4-1) (D) XRD of polycarbonate at 200 ° C with different pressures.
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Figure (4-1) (E) XRD of polycarbonate at 250 ° C with different pressures.
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Figure (4-1) (F) XRD of polycarbonate at 25 ° C with different pressures.

The degree of crystallinity of the polycarbonate samples was
calculated from the intensity measurements of the diffraction spectra at the
different temperatures and pressures by using the equation (2-5) and
applying it's on the Microsoft Office Excel program, where the results of
the degree of crystallinity (Xc) were summarized in Table (4-1). Where it
Is show that values of the degree of crystallinity increase with increasing

temperature but decreases with increasing pressure.

Table (4-1): Degree of crystallinity as a function of pressure and temperature

Degree of crystallinity

T/P T=25°C  T=50°C  T=100°C T=150°C T=200°C  T=250°C
F=NVIEEE  60.3579 | 61.98763 62.7041 64.8136 65.8136 70.11049
E=SVZER 56.6916 | 59.84739 60.1264 60.4756 62.6525 67.25158
SRRV 55.8074 | 57.44095 57.9607 58.9487 60.2601 64.26014
F=GRVIER 55,7727 | 56.36842 57.7571 58.5863 59.3099 61.08975
E=VEVZER 53.4975 | 54.09508 55.3854 55.6538 56.5331 58.16458
F=VERVIEEE 52,0335 | 52.16867 53.6847 53.6329 54.3428 55.15921
Z=PAVIEER 50.5695 | 50.24227 51.984 51.612 52.1524 52.15384
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Figure (4-2) Xc of polycarbonate at different pressure and temperature.

We observe from Figure (4-2) that the temperature increasing will
increase the degree of crystallinity (Xc) until the temperature reaches (250
° C). This is due to the fact that the polycarbonate samples are a shrinkage-
free during heat treatment. This causes freedom in the movement of the
molecules inside the crystal lattice. This is because the way of
manufacturing the samples leads to the highest preferred orientation of
these samples, and this is contrary to semi-crystalline polymers such as
(PP, PET, PE...) in which the degree of crystallinity decreases during the

temperature increase [66].

The degree of crystallinity decreases with increasing pressure Due
to the break of covalent bonds as a result of pressure and thus decreases the

degree of structural order [67].
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(4-2-2) Grain Size:

The Bragg angle (26) and FWHM were calculated through (Origin

Lab) program. Where the (XRD) values were included in this program and
extraction the data that needed to calculate the grain size. The grain size
was calculated from (Debye-Scherer) equation (2-8) and applying it's on

the Microsoft Office Excel program, as shown in Figure (4-3).

The results obtained in Table (4-2) show that values of grain size

increase with increasing temperature but decreases with increasing

pressure.

Table (4-2): Grain size of polycarbonate at different pressure and temperature.

Grain size (A)

T/P T=25°C T=50°C T=150°C T=200°C  T=250°C
P=0 MPa 1.678535 | 1.83272 1.98914 2.02519 2.244628
EGERVES 1.60017 | 1.686895 | 1.72923 1.7974 1.96817 2.185022
SEGINVES 1.59946 | 1.639458 | 1.67853 1.73308 1.73933 2.144628
EGERN/ES 1.45235 | 1.497089 | 1.57591 1.64994 1.96817 2.06519
VN V58 1.44995 | 1.437757 | 1.55433 1.57546 1.66371 1.668165
P=78 MPa [u¥e]e}:2! 1.416594 | 1.64482 1.60017 1.68002 1.785022
ECPAN/ES 1.26012 | 1.245125 | 1.54591 1.58152 1.63182 1.717225
2; . X
u K M P=0MPa
19 m A P=61 MPa
= 1.8 A () _
E 1.7 . " : o 4 P=65 MPa
5 16 Y x % ¢ X P=69 MPa
'% 1.5 v X ® P=78 MPa
©® 14 ° P=73 MPa
13 2 * # P=82 MPa
1.2
1.1
25 50 75 100 125 150 175 200 225 250
Temperature (°C)

Figure (4-3) Grain size of PC as a function of pressure and temperature.
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The dependence of grain size on temperature is shown in Fig (4.3).
Where the grain size increased slowly at first whilst the grain size increased
more rapidly after that. Grain growth rate increases more rapidly at the
higher annealing temperature (135 °C for PC). These kinetics of grain
growth trend was influenced by the grain size which is consistent with

previous studies [68].
(4-2-3) dnki —Spacing:

The Bragg's equation (2-1) was used to calculated the d—spacing of
the polycarbonate samples, taking into account that the wavelength is
(1.5418) A and (n = 1) as shown in Figure (4-3).

The results obtained in Table (4-4) show that values of grain size increase

with increasing temperature but decreases with increasing pressure.

Table (4-4): dw —Spacing of polycarbonate at different pressure and temperature.

A

d—spacing
T=25°C T=50°C \ T=100°C  T=150°C  T=200°C  T=250°C
0.51375 0.517321 0.51953 0.52155 0.53148 0.54045
0.51322 0.514613 0.51794 0.52009 0.52394 0.534009
0.51293 0.513729 0.51585 0.51834 0.52123 0.531998
0.51247 0.513121 0.51409 0.51678 0.5193 0.524367
0.51202 0.512514 0.51334 0.51522 0.51737 0.520735
0.51157 0.515906 0.51458 0.51467 0.51744 0.518104
0.51112 0.512298 0.51283 0.51311 0.51551 0.517473
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Figure (4-3) dna —spacing of PC as a function of pressure and temperature.

Figure (4-3) show that when the temperature increases, the energy

distribution between the atoms of the molecules in (PC) changes, thermal
vibration of the atoms increases. The unit cell expands and causes changes
in d-spacing and therefore in (260) positions of the diffraction lines.
The (d-spacing) increases with decreasing pressure due to the number of
broken bonds per unit volume at a distance from the surface at the time.
We follow previous theories in assuming that broken bonds occur
whenever this bond breaking density exceeds the threshold value for force
bonding [67].
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(4-2-4) inter-chain distance:

The inter-chain distance of the polycarbonate samples was
calculated using the equation (2-5) and applying it's on the Microsoft
Office Excel program, where the results of the inter-chain distance (r) were

summarized in Table (4-5).

The results obtained in Table (4-5) show that values of inter-chain
distance (r) increase with increasing temperature but decreasing with

pressure, and for all samples and the same reasons of the d-spacing.

Table (4-5): inter-chain distance of polycarbonate at different pressure and temperature.

Inter-Chain distance (A)

T/P T=25°C T=50°C T=100°C T=150°C T=200°C T=250°C
SRR\ |2EEN 0.64219 0.646652 0.65118 0.65577 0.66435 0.680563
FEGERV/IZER 0.64665 0.655767 0.65577 0.65886 0.66674 0.67155
FEGIHV/IZER 0.64491 0.649662 0.65156 0.65342 0.66654 0.667511
FEGIRV/IZER 0.64272 0.646652 0.64966 0.65577 0.66435 0.664354
SEVERV/IZER 0.64166 0.642776 0.64618 0.64994 0.65042 0.660564
FEVERV/IZER 0.64132 0.641938 0.64674 0.64886 0.65153 0.659642

FERPAV/EER 0.64072 0.642642 0.64377 0.65155 0.65423 0.654938

0.675
0.67 - A mp=omPpa
< 0.665 X A P=61 MPa
(] . T
8 - X P=65 MPa
3 066 - A ®  xP=69 MPa
c
S 0655 - A A X . e ©®P=78MPa
] s * o P=73 MPa
2 065 - @ s
= s = - 4 P=82 MPa
0.645 - ’
K ¢
0.64 ! T T T T T T T T 1
0O 25 50 75 100 125 150 175 200 225 250
Temperature (°C)

Figure (4-4) inter-chain distance (r) of PC as a function of pressure and temperature.
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(4-3) Thermal Conductivity:

Phonons are the only carrier of thermal energy, through which the

thermal conductivity of insulation solids material is made because the
phonons play a large role in the thermal conductivity of all solid materials
[69].

The thermal conductivity of polycarbonate specimens was measured
by using equations (2-10) , (2-11) and applying it's on the Microsoft Office
Excel program, as shown in Fig (4-5). The results obtained in Table (4-6)
show that values of thermal conductivity increase with increasing

temperature but decreases with increasing pressure.

Table (4-6): Thermal conductivity as a function of pressure and temperature.

Thermal conductivity (W/M.K)
T=50°C  T=100°C  T=150°C

T/P T=25°C T=200°C  T=250°C

P=61 MPa 0.0035 0.003985 0.0051 0.00599 0.00675 0.006857
P=65 MPa 0.00244 0.002641 0.00315 0.00376 0.00464 0.005131
P=69 MPa 0.00236 0.002405 0.00269 0.00271 0.00313 0.003278
P=73 MPa 0.00223 | 0.002401 0.00248 0.00263 0.0029 0.003131
P=78 MPa 0.00216 0.002355 0.00258 0.00278 0.00308 0.003281
P=82 MPa 0.00212 0.00231 0.00268 0.00293 0.00316 0.003222
0.007 - - =
0.006 1 u M P=61 MPa
= _
S 0.005 - [ | A AP=65MPa
E A P=69 MPa
< 0.004 - [ | A X P=73 MPa
" A o & ©®P=82MPa
0.003 - PY X
N 4 9 X P=78 MPa
x o
0.002 ¥ T T T T T T T T 1
25 50 75 100 125 150 175 200 225 250
Temperature (°C)

Figure (4-5) Thermal conductivity as a function of pressure and temperature
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We note from figure (4-5) that the thermal conductivity increases
with increasing temperature due to increased segmental mobility in the

polymer chains [70].

Figure (4-5) shows also that the thermal conductivity decrease with
increasing pressure , here when the pressure increase, the contrast in the
bonding strength between no bonded and covalent interactions becomes
less pronounced; these effects may reduce the density of localized
vibrations at high pressures and suppress contributions to thermal transport

from localized modes and anharmonic effects [71].
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(4-4) Electrical Conductivity:

(4-4-1) AC-Conductivity (cac):

The alternating electrical conductivity of polycarbonate was

calculated at different pressures, temperatures and frequencies by
equations (2-13) (2-14) (2-15) (2-16).

Table (4-7): Electrical conductivity as a function of pressure and temperature at 50 Hz.

Tr
P=61 MPa

Electrical conductivity(Q.m)* at 50 Hz

T=100°C

T=150°C

T=250°C

P=65 MPa

P=69 MPa

P=73 MPa

P=78 MPa

P=82 MPa

2.4*10° 2.49*%10°® 2.55*10°® 2.61*10° 1.05*10°
3.61*10° 3.80*10° 3.82*10° 3.94*10° 2.50*10°
5.44*10° 5.61*10° 5.68*10° 6.38*10° 2.50*10°
5.72*10° 5.85*10° 6.22*10° 6.23*10° 2.50*10°
5.82*10° 5.86*10° 6.46*10° 6.29*10° 3.71*10°
5.84*10° 5.86*10° 6.33*10° 6.30*10° 3.86*10°

Table (4-8): Electrical conductivity as a function of pressure and temperature at 1MHz.

T/P
P=61 MPa

T=100°C

Electrical conductivity(Q.m)* at IMHz

T=150°C

T=250°C

P=65 MPa

P=69 MPa

P=73 MPa

P=78 MPa

P=82 MPa

5.20*10° 5.36*10° 5.58*10° 6.02*10° 7.02*10°
5.25*10° 5.37*10° 5.69*10° 6.05*10° 7.21*10°
5.33*10° 5.47*10° 5.79*10° 6.09*10° 7.92*10°
5.76*10° 5.83*10° 5.92*10° 6.09*10° 9.14*10°
5.79*10° 5.46*10° 5.76*10° 6.17*10° 0.00011
5.78*10° 5.44*10° 5.64*10° 6.21*10° 0.00015

Table (4-9): Electrical conductivity as a function of pressure and temperature at 3MHz.

T/P
P=61 MPa
P=65 MPa
P=69 MPa

P=73 MPa
P=78 MPa
P=82 MPa

T=25°C

T=50°C

Electrical conductivi

T=100°C

T=150°C

T=250°C

1.02*10* 1.04*10* 1.12*10* 1.40*10* 2.08*10*
1.03*10* 1.04*10* 1.31*10* 1.42*10* 2.77*10*
1.04*10* 1.07*10* 1.33*10* 1.46*10* 2.79*10*
1.08*10* 1.10*10* 1.34*10* 1.52*10* 4.36*10*
1.1*10* 1.11*10* 1.39*10* 1.58*10* 4.45*10*
1.12*10* 1.13*10* 1.4*10* 2.12*10* 5.94*10*
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Figure (4-6) Electrical conductivity as a function of pressure and temperature at 50 Hz
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Figure (4-7) Electrical conductivity as a function of pressure and temperature at 1IMHz
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Figure (4-8) Electrical conductivity as a function of pressure and temperature 3MHz

Table (4-7), (4-8) and (4-9) show electrical conductivity at (50Hz,
1MHz, 3MHz), it has been shown that the values of electrical conductivity
increase with increasing temperature, pressure and frequency, and for all
samples.

From figures (4-6), (4-7) and (4-8) we note the response of the o,
for (PC) at various temperatures. Generally, the noted improvement in G4
Is attached to the electronic interactions, where the samples contain definite
guantities of impurities and metallic ions which are activated at a special
temperature, yet samples that have a poorer degree of conducting
components must show a less reaction and, in this way, giving weak
electrical conductivities. [72, 73].

We conclude from figures (4-6), (4-7) and (4-8) above that the o,
improved by increasing of the frequency, where at the high-frequencies the

contributions of the polarization effects reduce [74-76].

When we study the figures (4-6), (4-7) and (4-8) that the utilisation
of pressure caused an increasing conductivity, where pressure caused

movement of the polymer chains, which affect the arrangement structure
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of the polycarbonate. The variance in pressure with 6,c can be explained
by looking at two phenomena that occur in the structure of the material,
namely the formation of additional conductive networks, and the disruption
of existing connection networks. The formation of this continuous pathway
occurs not only through direct contact between the electrically conductive
molecules that distributed in the polycarbonates, but also when the distance
between the molecules is very small, so the electrons can easily jump
across the gap [77]. Thus, there is a threshold value for the molecular gap,
which is electrically equivalent to the molecular contact. The formation of
a continuous pathway is facilitated by high pressure by decreasing the

molecular gap in the non-continuous zone.

(4-4-2) Dissipation Factor:

The Dissipation Factor or so — called the loss tangent of dielectric
(tan &) of polycarbonate was calculated at different pressures and
temperatures by equations (2-13) (2-14).

It is can be define as the ratio of the loss of energy in the
electrically insulating materials to the total moving transmitted energy

during the dielectric.

Table (4-10): Dissipation factor as a function of pressure and temperature at 50 Hz.

Dissipation factor at 50 Hz
T=25°C  T=50°C T=100°C

T=150°C_ T=250°C

4.42*101 4.58*10! 4.65*10t 6.93*10" 1.62
4.57*%101 4.56*%10" 4.67*107 7.01*%101 1.79
5.02*101 4.79%101 5.29*%101 6.92*101 2.34
4.89*10! 4.90*10! 5.46*10" 6.75*10" 2.67
5.20*10! 5.36*10" 5.97*10% 7.29*10t 3.24
5.52*101 5.75*101 6.24*101 6.97*101 3.17
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Table (4-11): Dissipation factor as a function of pressure and temperature at 1IMHz.

T/P
P=61 MPa

Dissipation factor at 1MHz

P=65 MPa

P=69 MPa

P=73 MPa

P=78 MPa

P=82 MPa

T=25°C  T=50°C  T=100°C T=150°C T=250°C
2.05*%101 2.42*%10" 2.73*101 3.28*10* 3.69*10!
2.22*10% 2.24*10%1 2.82*10* 3.01*10% 3.71*101
2.39%10* 2.44%101 2.78*10" 3.13*10*! 3.90*%10!
2.50*%101 2.85*%107 3.01*10* 2.97*%10* 4*101

2.49%101 2.57*%10" 3.10*10* 3.28*10* 4.80*10!
2.48*10" 2.46%10 2.70%10" 3.29%10* 5.80*101

Table (4-12): Dissipation factor as a function of pressure and temperature at 3MHz.

T=25°C

T=50°C

T=100°C

Dissipation factor at 3IMHz

T=150°C

T=250°C

Temperature (°C)

9.10*107 9.80*107 1.02*101 1.15*10% 1.93*10!
9.34*107 9.62*107 1.16*101 1.42*10% 2.10*10%
9.65*107 1.02*10* 1.14*10% 1.45*101 2.19*10%
9.92*1072 1.03*10* 1.23*10* 1.65*101 2.34*101
1.02*101 1.05*101 1.29*101 1.80*10 2.47*10%1
1.05*10* 1.07*10? 1.34*10* 1.95*10% 2.60*101
F=50 HZ
3.40E+00 -
——P=61 MPa
« 2.90E+00 -
9 = P=65 MPa
& 2.40E+00 -
= ——P=69 MPa
e 4
§ 1.90E+00 P=73 MPa
g 1.40E+00 -~ —P=78 MPa
9.00E-01 - P82 MPa
4.00E-01 x<¥’x’ T T T T T 1
25 50 75 100 125 150 175 200 225 250

Figure (4-9) Dissipation factor as a function of pressure and temperature at 50Hz
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Figure (4-10) Dissipation factor as a function of pressure and temperature at 1IMHz
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Figure (4-11) Dissipation factor as a function of pressure and temperature at 3MHz

Table (4-10), (4-11) and (4-12) show dissipation Factor at
(50Hz,1MHz,3MHz), It has been shown that the values of dissipation
Factor increase with increasing temperature, pressure but decreases with

increasing frequency.
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We note from figures (4-9), (4-10) and (4-11) that the value of the

dissipation factor is high in the low frequencies due to the mobility of

dipoles and therefore not to keep up with the poles of the electrode field

and the dissipation factor stays fairly stable at high frequencies [78].

The relationship between dissipation factor and temperature was
studied in the last three forms. This relationship is typical of polar
insulators, thereby the increasing the temperature lead to facilitated of the
direction of the dipole momentum. The increase in the dissipation factor
may also result from an increasing in crystallization [79], but not in non-
crystalline polycarbonates.

The pressure increases with increasing dissipation Factor. Where the
pressure leading to a rearranging in the conductive molecules and hence

the dissipation factor of the PC increase [80].
(4-4-3) Dielectric constant (g):

The real dielectric constant of polycarbonate was measured at

different pressures and temperatures by equation (2-13) (2-14).

Table (4-13): Real dielectric constant as a function of pressure and temperature at 50Hz.

Real dielectric constant at 50Hz
T/P T=25°C T=50°C T=100°C T=150°C T=250°C
P=61 MPa 6.56*10 4.56*10° 1.03*10° 4.42*%10° 4.52*10%
P=65 MPa 9.08*10 7.72*10? 1.08*10° 5.09*10° 4.98*10*
P=69 MPa 1.16*10 1.09*10° 1.12*10° 5.75*10° 9.47*10*
P=73 MPa 1.41*10? 1.40*10° 1.17*10° 6.42*10° 1.50*10°
P=78 MPa 1.67*10? 1.72*10° 1.21*10° 7.09*10° 1.85*10°
P=82 MPa 1.92*%10? 2.04*10° 1.26*10° 7.76*10° 2.29%10°
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Table (4-14): Real dielectric constant as a function of pressure and temperature at 1MHz.

Real dielectric constant at IMHz
T/P T=25°C T=50°C \ T=100°C T=150°C T=250°C
P=61 MPa 3.44 4.39 4.67 6.24 7.01
P=65 MPa 3.92 4.5 4,99 6.27 7.08
P=69 MPa 4.41 4.62 5.3 6.3 7.16
P=73 MPa 4.54 4.7 5.86 6.79 7.23
P=78 MPa 4.67 4.79 6.41 7.28 7.31
P=82 MPa 4.81E 4.88 6.97 7.3 7.38

Table (4-15): Real dielectric constant as a function of pressure and temperature at 3MHz.

Real dielectric constant at SMHz
T/P T=150°C T=250°C

P=61 MPa 1.55 1.92 2.62 2.92 3.29
P=65 MPa 1.64 2.03 2.64 2.99 3.37
P=69 MPa 1.67 2.36 2.83 3.28 3.38
P=73 MPa 1.74 2.54 2.9 3.42 3.44
P=78 MPa 1.8 2.76 3 3.6 3.49

P=82 MPa 1.86 2.98 3.11 3.78 3.53

F=50 HZ

2.50E+05 - 1P
;::" 2.00E+05 - o oees P
8 1.50e405 -  b-69 MPa
g 1.00E+05 - P=73 MPa
s
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Figure (4-12) Real dielectric constant as a function of pressure and temperature at 50Hz
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Table (4-13), (4-14) and (4-15) and show real dielectric constant at
(50Hz,1MHz,3MHZz), It has been shown that the values of real dielectric

constant increase with increasing temperature and pressure but decreases

with increasing frequency.
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It can be observed in figures (4-12), (4-13) and (4-14) that the &’

increasing as the temperature increases and thus facilitates the routing of

the dipoles. Thus we conclude that the segmental movement is the

dominant mechanism [81, 82].

The inverse relationship between the €' and frequency can be
explained by the fact that at low frequencies the time period is sufficient
for the dipoles to arrange the molecules and align them to the current
between the poles. At high frequencies, however, the time period is short
and less than the time required to align the molecules so that they can align

themselves with the direction of the electric field external [78].
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Chapter Five Conclusion & Suggestions

5-1 Conclusions:

1-

The heat treatment of polycarbonate improve the degree of crystallinity of

it, which will but decreases when the pressure on the sample increases.

The best method of measuring crystallinity is to construct the complete
(XRD) diagram and compare it with reliable theoretical values, such as
what can be obtained from the (ATHAS) database.

When the samples are heated, the thermal energy of the molecules will be
increased and thus the cell of the unit will expand causing changes in the
thermal conductivity-spacing, interchain distance and the grain size.
Conversely, when the pressure increases, the covalent bonds between the
molecules will be broken.

All the electrical properties that are included loss tangent of dielectric, real
dielectric constant and ac-conductivity were found to increase with
increasing temperature and pressure.

The ac-conductivity of (PC) as a function of frequency was calculated and

it was observed to increase as frequency increased.

- The real dielectric constant and loss tangent of the dielectric for PC as a

function of frequency was calculated, and it was noted to reduce as

frequency increased.
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5-2 Suggestion:

1- Study the effect of rainwater and saline water on Nano polycarbonate

with different tests.

2- Study the effect of irradiation on the optical properties of

polycarbonate.

3- Study the effect of climatic conditions on the mechanical and structural

properties of polycarbonate.

4- We can employ other polymeric materials and make the same

measurements like:
-Polyethylene (PE)
-Polyethylene terephthalate (PET)

-Polybutylene terephthalate (PBT)

65



10-

11-

References:

F.M. Ashby, R.W. Messler, R. Asthana, E.P. Furlani, R.E. Smallman,
A.H. Ngan, J. Roy and N. Mills "Engineering Materials and Processes
Desk Reference"1st edition, Butterworth-Heinemann, USA, (2009).
M.C.Gupta and A.P.Gupta, "Polymer Composite”,New Age International
LTD. Publishers, (2005).

V.K. Samarov, E. Bisikalov, A. Seliverstov and D. Seliverstov "HIP of
Complex Shape Parts from Various Ti Alloys" International Conference
on Hot Isostatic Pressing. Kobe, Japan, Vol.1, No.13, PP.1-6, (2011).
Sperling LH. Introduction to physical polymer science. John Wiley &
Sons; (2005).

V.Raphanvan "Material Science& Engineering a first Course", 2nd,
Prentice -Hall of India Private Limited, New Delhi, (1979).

Brunelle DJ, Korn MR. Advances in polycarbonates. American Chemical
Society; (2005).

Darensbourg DJ. Making plastics from carbon dioxide: salen metal
complexes as catalysts for the production of polycarbonates from
epoxides and CO2. Chemical reviews, (2007).
Capacitors.Volker Serini "Polycarbonates™ in Ullmann's Encyclopedia of
Industrial Chemistry, Wiley-VCH, Weinheim, (2000).

Torrey, Bruce M.; Ravech, "Scott A. Composite security wall systems".
U.S. Patent No 5,477,652, (1995).

Ban on regular glass in licensed premises. The State of Queensland
(Department of Justice and Attorney-General), (2017).

Siegmann A, Geil PH. Crystallization of polycarbonate from the glassy
state. Part I. Thin films cast from solution. Journal of Macromolecular
Science, Part B: Physics, (1970).



12-

14-

15-

16-

17-

18-

19-

20-

Murff SR, Barlow JW, Paul DR. Thermal and mechanical behavior of
polycarbonate—poly (ethylene terephthalate) blends. Journal of applied
polymer science,(1984)

Beckman E, Porter RS. Crystallization of bisphenol a polycarbonate
induced by supercritical carbon dioxide. Journal of Polymer Science Part
B: Polymer Physics, (1987).

Skochdopole RE, Finch CR, Marshall J. Properties and morphology of
some injection-molded polycarbonate-styrene acrylonitrile copolymer
blends. Polymer Engineering & Science, (1987).

Kim WN, Burn CM. Thermal behavior, morphology, and some melt
properties of blends of polycarbonate with poly (styrene-co-acrylonitrile)
and poly (acrylonitrile-butadiene-styrene). Polymer Engineering &
Science, (1988).

Amin M, EI-Shekeil A, Mounir M, Elez MA. Study of the conduction
mechanisms in polycarbonate. Die Angewandte Makromolekulare
Chemie: Applied Macromolecular Chemistry and Physics, (1991).

Jeon BH, Kim S, Choi MH, Chung 1J. Synthesis and characterization of
polyaniline—polycarbonate composites prepared by an emulsion
polymerization. Synthetic Metals, (1999).

Beyer J, Morshuis PH, Smit JJ. Conduction current measurements on
polycarbonates subjected to electrical and thermal stress. In2000 Annual
Report Conference on Electrical Insulation and Dielectric Phenomena
(Cat. No. 00CH37132), (2000).

Lee WJ, Kim Y], Kaang S. Electrical properties of polyaniline/sulfonated
polycarbonate blends. Synthetic Metals, (2000).

Onbattuvelli VP. Synthesis and characterization of

palladium/polycarbonate nanocomposites, (2007).



21-

22-

23-

24-

25-

26-

21-

Ayesh AS. Dielectric relaxation and thermal stability of polycarbonate
doped with MnCI2 salt. Journal of Thermoplastic Composite Materials,
(2008).

Y.A. Lebedev, Y.M. Korolev, V.M. Polikarpov, L.N. Ignat’eva and E.M.
Antipov "X-ray powder diffraction study of polytetrafluoroethylene”
crystallographic report, Russia, Vol. 55, No.4, PP.609-614, (2010).
King JA, Via MD, King ME, Miskioglu I, Bogucki GR. Electrical and
thermal conductivity and tensile and flexural properties: comparison of
carbon black/polycarbonate and carbon nanotube/polycarbonate resins.
Journal of Applied Polymer Science, (2011).

R. Canto, N. Schmitt, J. Carvalho and R. Billardon "Experimental
analysis to identify the deformation mechanism during sintering of cold
compacted (PTFE) powder" polymer engineering and science, Vol.51,
No.11, (2011).

King JA, Via MD, Morrison FA, Wiese KR, Beach EA, Cieslinski MJ,
Bogucki GR. Characterization of exfoliated graphite
nanoplatelets/polycarbonate  composites: electrical and thermal
conductivity, and tensile, flexural, and rheological properties. Journal of
Composite Materials, (2012).

K. MinJoong, J. GiSu, E. KwangSup, C. EunAe, R. JoungWook, K.
Hyoung-Juhn and K. HyukSang "Effects of heat treatment time on
electrochemical properties and electrode structure of
polytetrafluoroethylene - bonded membrane electrode assemblies for
polybenzimidazole-based high-temperature proton exchange membrane
fuel cells" International Journal of Hydrogen Energy, Vol. 38, No. 28,
PP. 12335-12342, (2013).

Suamdiyasa, Made; Manuaba, I. B. S. Determining Crystallite Size Using
Scherrer Formula, Williamson-Hull Plot, and Particle Size with
SEM. BULETIN FISIKA, (2018).


http://hal-bioemco.ccsd.cnrs.fr/UNIV-PARIS6/search/index/q/*/authFullName_s/Rodrigo+B.+Canto
http://www.sciencedirect.com/science/article/pii/S0360319913017199
http://www.sciencedirect.com/science/journal/03603199
http://www.sciencedirect.com/science/journal/03603199/38/28

28-

29-

31-

32-

33-

34-

35-

37-

38-

Gupta A, Goyal RK. Electrical properties of polycarbonate/expanded
graphite nanocomposites. Journal of Applied Polymer Science, (2019).
Charles E. Carraher, "Polymer Chemistry", Seventh edition, United
States of America on acid-free paper, CRC Press and Taylor & Francis
Group, (2008).

G. Odian "Principles of polymerization" Fourth Edition, Willey ,USA,
(2004).

Padsalgikar A. Plastics in Medical Devices for Cardiovascular
Applications. William Andrew; (2017).

A. Kumar and R.K. Gupta "Fundamentals of polymer engineering"”,
Second Edition, Marcel Dekker, Inc., USA, (2003).

J.R. Fried "Polymer science and technology", Third Edition, Pearson
Education, USA, (2014).

J.V. Narlikar, "Chemistry PartIT" National Council of Educational
Research and Training, (2007).

S. Kalpakjian and S.R. Schmid, "Manufacturing Processes for
Engineering Materials", fifth Edition, Pearson Education, Vol.12,
(2008).

Goethals, E. J., Telechelic Polymers: Synthesis and Applications (CRC
Press, Boca Raton), (1989).

Percec, V., Pugh, C., Nuyken, O. and Pask, S,
Macromonomers,oligomers and telechelic polymers. In: Allen, G., and
Bevington, J. C.,eds. Comprehensive Polymer Science. The Synthesis,
Characterization,Reactions & Applications o f Polymers (Pergamon
Press, London), pp 281-357,(1989).

Jerome, R., Henrioulle-Granville, M., Boutevin, B., and Robin, J.
J., Telechelic polymers: synthesis, characterization and applications,Prog.
Polym. Sci. ,837-906,(1991).



39- Brunelle DJ, Korn MR. Advances in polycarbonates. American Chemical
Society; 2005.

40- P. Fraundorf and S. Lin "Spiral powder overlays" Microscopy and
Microanalysis, USA, Vol.10, No.502, PP.1356-1357, (2004).

41- A. Clearfield, J.H. Reibenspies and N. Bhuvanesh "Principles and
Applications of Powder Diffraction" Wiley-Blackwel, USA, (2008).

42- S. Kenny "Powder diffraction and the rietveld method" Lyngby,
Denmark, (2008).

43- R. E. Dinnebier "Powder Diffraction "Theory and Practice, Germany,
(2008).

44- Bragg, W.L. The Crystalline State: Volume I. New York: The Macmillan
Company, (1934).

45- A. M. Hindeleh and R. Hosemann “polymer"”, Journal of Materials
Science, vol.26, (1991).

46- M.A. Mohammed "Investigation of unit cell crystallinity and mechanical
properties for polymer”, Ph.D Dissertation university of Baghdad College
of pure science Ibn-al haytham P.27, (2006).

47- S. M. Mulla, P.S. Phale and M.R. Saraf "Use of X-Ray Diffraction
Technique for Polymer Characterization and Studying the Effect of
Optical Accessories™ ARAI, AdMet paper NOM Vol.6, (2012).

48- N.S. Murthy "Recent Developments In Polymer Characterization Using
X-Ray Diffraction”, The Rigaku Journal Japan, VOL. 18, NO. 1, PP.15-
24, (2004).

49- Scherrer, P. Gottinger Nachrichten Math. Phys. 2, 98-100 (1918).

50- HUSSAIN, Rizwan; MOHAMMAD, Din. X-ray diffraction study of the
changes induced during the thermal degradation of poly (methyl
methacrylate) and poly (methacryloyl chloride). Turkish Journal of
Chemistry, (2004).



51- Lan T, Kaviratna PD, Pinnavaia TJ. Epoxy self-polymerization in
smectite clays. Journal of Physics and Chemistry of Solids, (1996).
divee iliony dee de &y jaad g JaiDIAT A6l 5l (ailadd) 4u) 50 " 6 ea dess ¢Dle -52
(2012)¢Aindaill o glall and Ao BSEN dnaladl ¢ finale Al ¢ (5 9 ,Sulall (il
bl (e Aine L) il A AISaall 5 Bl 3l pailiadl) (mey Al 3 e S ) 58 5L 53
(2011) calgdl /A8 puall o glall 4 il S iy daals ¢ pituale Al "5y o aids
aeddll jinl sl oty salad 4 shadl g AKaSaal) <l JUERY) Ll 0 " cdpes il 3La-54
(2008) caiagdl (/A8 puall o slall 4 il S calazy dnala ¢ fiale Al " GLIVL

Al " ol S all 4l 5l Gailiaddl (oamy Al jay aasd Mecila Calls )5 -B5
(2015) ¢l 380 pusi g 5l TS oy pomtinnall Amalad) ¢ psinenle

56- Milton, W. G., "The Theory of Composites,” Cambridge University
Press, (2004).

57- W. D. Callister and G. David, “ Material Science and Engineering ,An
Introduction” , 9th Ed, John wiley and Sons Inc, (2014).

58- Z.Han and A. Fina, “Thermal conductivity of carbon nanotubes and their
polymer nanocomposites”, Progress in Polymer Science, Vol.36, No7.
p.p. 914-944, (2011).

59- Lowrie W. Fundamentals of geophysics. Cambridge university press,
(2007).

60- Kumar N. Comprehensive Physics XII. Laxmi Publications, (2004).

61- Bogatin E. Signal integrity: simplified. Prentice Hall Professional,
(2004).

62- K.C. Kao, “Dielectric phenomena in solid”, Elsevier Academic press,
(2004).

63- H. R. Allcocke, F. W. Lampe and J. E. Mark, “Contemporary Polymer
Chemistry”, 3rd Ed, Pearson Education, Inc, Upper Saddle River, New
Jersey, (2003).



64- Zainab Ibtihaj Dhary , "Preparation and Characterization of Nano Ferrite
Composite”, Master thesis of Science in Materials engineering,

University of Technology - Department of Materials engineering,(2014).

65- Ala'a Safa'a Alddin Baha'a Alddin, "Effect of copper ions on the structural
and electrical properties of Ni-Zn ferrite nanoparticles”, Master thesis of
Science in Physics, University of Technology - Department of Applies
sciences, (2012).

66- M.A. Mohamed and N.N. Ramo "structural and mechanical different
between met and UV stabilize poly amide 6, 6 subjected to heat treatment",
College of Science of Al-Mustansiriya, Vol.24, N.1, P.127-134, (2013).

67- MAHAN, G. D., et al. Theory of polymer ablation. Applied physics letters,
(1988).

68- Z. Huda, and B. Ralph, Materials Characterization, (1990).

Ayl Al 50l Al 5 e i A (i g3 oSl (e il ) cslpn e il 69
(2011) ¢1 2220 23 alaall ¢l il 408 Al "AS) yia 4 yaadd 50 ) 5l
70- Andreson, D. R. Thermal conductivity of polymers. Chemical
Reviews, (1966).

71- HSIEH, Wen-Pin, et al. Testing the minimum thermal conductivity model

for amorphous polymers using high pressure. Physical Review B, (2011).

72- Khoury HN. Clays and clay minerals in Jordan. ‘Imadat al-Bahth al-‘Ilmi,
al-Jami‘ah al-Urduniyah; (2002).

73- Elimat ZM. AC electrical conductivity of poly (methyl
methacrylate)/carbon black composite. Journal of Physics D: Applied
Physics. (2006).



74- Hussain FA, Zihlif AM. Electrical properties of nickel-coated carbon-
fiber/nylon 66 composite. Journal of Thermoplastic Composite Materials,
120-9 (1993).

75- Jonscher AK. Dielectric Relaxation in Solids (Chelsea Dielectrics Press,
London, (1983).

76- Atta A. Alternating current conductivity and dielectric properties of newly
prepared poly (bis thiourea sulphoxide). International Journal of Polymeric
Materials, 361-72 (2003).

77- Elimat ZM. AC electrical conductivity of poly (methyl
methacrylate)/carbon black composite. Journal of Physics D: Applied
Physics. (2006).

78- B. H. Rabee and A. Hashim, “Synthesis and Characterization of Carbon
Nanotubes-Polystyrene Composites”, European Journal of Social
Sciences, Vol. 60, No. 2, p.p. 229-236, (2011).

79- Nasr GM. Polymer Test, 15-585(1996).

80- Tareav, B. Physics of Dielectric Materials, Mir Publisher, Moscow, pp.
107, (1979).

81- Rao RV, Shridhar MH. Effect of P-toluene sulphonic acid on the dielectric
properties of poly (4-vinylpyridine). Materials Science and Engineering:
A. (2002).

82- Berger MA, McCullough RL. Characterization and analysis of the
electrical properties of a metal-filled polymer. Composites Science and
Technology, 81-106, (1985).



3ga ciianai Al (Structural Properties) usS il el sall 4o Gl 13s b o
JS iami Al g (Electrical Properties) 4t el (al all (XRD) dsivull 225Y)
oalsall (tan 8) il dale 5 (e) (Adadl d ) il 5(0ac) Al S Adia sill: (1
sl el (K ) ool Juasill Ziaaidlly (Thermal Properties ) 4l Al
8wzl 53 ) jall da 2l Allas Lasd) LW (Nano polycarbonate) o sl < s IS

~8 5(0,61,65,69,73,78,82) MPa &l 138 3 Lo gaall o il G i 6l s
. (RT, 50,100,150,200,250) 2C 3_l_all cila 5o

Grain ) el aaall g IS o8 Lt iV 3 g (e Ll o3 30 A€ ) Cildadl) o
dsluall 5 (d-spacing) 4wl 4dluall, (Degree of crystallinity) skl 4s ys «(size
gl ala i Anludl Glaleall ;s o) 235 B (Inter-chain distance) <o ow
dorall 3ab ) ae JE 55 ) all Sl

da g Dl 30l ) ae 21238 Ak 5o Sl Al gl 0 () 400 Sl Gal sl Il < jedl
23 51 ga LS Lol & jglal 38 5l eI Jjad) s 8801 Jale b ) W) 235l 5550 5l
Bolallda g ariall ae o e Ll

o e it A ) jall Dla il (o < jelal S8 Ay ) jall al sall i 1 sl Ll
_EJ\)AJ\ %JJ&AL}JJ.L}M\




Gl Ly sgan

altl) Gadlly Mol addell] 5] g
Yty deals

Wl ) Al p sl Ly 30 4l
el pdl f“‘é

9 LSS ol pi) e il g 4y ) o) Ualaad) il Al o

S i g U8 (g pae] gull ity ol

) Aasie Al
kg daala — algll Cpl / A el glall Ay 1Y) A4S ulaa
sl (B agle jiuale da o da cilalhia (e g 52 (A

J (s
Y4 *%
7 e oiie Lans
YNl /sl agle (sl
il 3l

i daaa licd .ycé,a,d,ra,f

a¥ord FRETE




