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ABSTRACT

In this study the researcher Prepared y- alumina nanopowder were
prepared using sol-gel method with a particle size 14.8 nm .The tested by
XRD to measure the grain size and crystallization by comparing with
card (JCPDS) files No.(46. 1215) , and SEM used to measure the particle
size and shows the shape of grains and the size of porous .The physical
properties such as density , porosity and hardness were studied . The
Archimedes basis was used to measure the density and observed
increasing in density from (1.692 g/cm3 ) to (1.892 g/cm3 ) with
increasing of temperature to (350°C) and observed the porosity decrease
from (6.8) to( 2.06) with increase of temperature and increase in
hardness from (18 GPa) to( 22 GPa ) with increase temperature . We
studied the electrical and dielectric properties like (Dielectric constant ,
tangent loss , resistivity , electrical conductivity) by LCR meter with
frequency from ( 50 Hz ) to (5 MHz ). It is observed that the dielectric
constant , tangent loss and resistivity decreases with the increase of
frequency and electrical conductivity increases with the increase of the
frequency and temperature , the dielectric strength decreases from (0.75)
to( 0.64) Kv/mm with the increase of temperature from( 280°C) to
(350°C) .
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Chapter One Introduction & Previous Studies

1.1 Introduction

Ceramic materials are generally high temperature inorganic compounds
such as oxides, nitrides, carbides, boride and structurally stable system. [1, 2]
Ceramics are generally classified as conventional or traditional ceramics which
consist of clay and clay based materials, and high-tech or advance ceramics
which are from synthetic raw materials and having specific structural and
functional properties[3]. The major attraction of structural ceramics has always
been the capability of operating at temperatures far above those of metals.
Structural application include engine components, cutting tools and chemical
process equipments. Electronic applications for ceramics with low coefficient of
thermal expansion and high thermal conductivity include superconductors,
substrates magnets ,and capacitors[4]. Ceramic materials can be categorized as
either oxides or non-oxides and some cases may contain residual metal after
some of the processing.[5,6] more oxides include alumina, silica, and mullite,
alumina and mullite have been the most widely used because of their in service
thermal and chemical stability and their compatibility with common

reinforcements[7,8] .

1.2 Alumina

Alumina (Aluminium oxide. Al,O3) is mostly prepared from mineral bauxite
(Al,03+S10,+ TiO,+ Fe,O3) by the Bayer process which involves the selective
leaching of the alumina by caustic soda followed by the precipitation of
aluminium hydroxide [ 9 ]. Alumina (Al,O3) exists in various crystallographic
forms (o, B, vy) [10] . Aluminium oxide (alumina, Al,O;) is currently one of the
most useful oxide ceramics, as it has been used in many fields of engineering
such as coatings, heat-resistant materials, abrasive grains, cutting materials and
advanced ceramics. This is because alumina is hard, highly resistant towards
bases and acids, allows very high temperature applications and has excellent
wear resistance[11,12]. Annual demand for alumina has been growing steadily.

1
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From an annual production of (38 million tonnes ) in (1995), its reach (667

million tonnes) by the year (2005) [13,14].

Nanotechnology basically has become a key area in the development of
science and the production or application of materials that have unit sizes of
about (10—100) nm. Comparing micron-sized and nano-sized alumina particles,
nano-alumina has many advantages. A smaller particle size would provide a
much larger surface area for molecular collisions and therefore increase the rate
of reaction, making it a better catalyst and reactant. Finer abrasive grains would
enable finer polishing, and this would also give rise to new applications areas
like nano-machining and nano-probes. In terms of coatings, the use of nano-
sized alumina particles would significantly increase the quality and
reproducibility of these coatings [15,16]. There are several methods to
synthesize nano-alumina [17,18], and these are categorized into physical and
chemical methods. Physical methods include mechanical milling, laser ablation,
flame spray and thermal decomposition in plasma. Chemical methods include
sol-gel processing, solution combustion decomposition and vapour deposition.
Most of the chemical methods have resulted in extremely low yield rates, and
thus cannot be adapted to mass manufacturing. Physical methods like
mechanical milling are not efficient as the size of the nanoparticles can not be
easily controlled, and these methods are only limited to certain materials. Other
methods such as laser ablation, vapour deposition and sol—gel are very costly as
they require specialized equipment such as vacuum systems, high power lasers
as well as expensive precursor
chemicals. Finally, most systems are only possible for a specific range of
materials. There are researchs reports on a novel flame spray pyrolysis method
to produce nano-sized alumina particles using gas and aqueous precursors. This

method has many advantages over the other methods as it is low-cost, easy to
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control particle size, simple processing, high production yield, and easy of
conversion to mass manufacturing [19,20].

In this process, a high temperature flame is used to heat the feedstock
material as well as spray it into a condensation chamber, where it will condense
as nano-sized particles.

This tables (1-1) , (1-2), (1-3) represent ( mechanical , Thermal and Electrical )
properties of alumina .

Table (1-1) Mechanical properties of Alumina [ 21]

Properties Condition | Units values
Bulk Density 20°C g/cm3 3.96
Tensile Strength 20°C Mpa 220
Flexural (Bending) Strength 20°C >410 Mpa 410
Elastic Modulus 20°C Gpa 375
Hardness 20°C Gpa 14
Fracture Toughness 20°C Mpa*m'” 4-5
Porosity 20°C % 0

Table (1-2) Thermal properties of Alumina [21]

Max. working temp - °C 1700
Coef. Thermal Expansion 25-300°C 10-6/°C 7.8
Coef. Thermal Expansion 25-1000°C 10-6/°C 8.1
Thermal Conductivity 20°C W/m°K 28
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Table (1-3) Electrical properties of Alumina [21]

Dielectric Strength 2.5mm tk ac-kv/mm 10
Dielectric Constant 1 MHz - 9.7
Volume Resistivity 20°C Q-cm >1014
Volume Resistivity 300°C Q-cm 1010
Volume Resistivity 1000°C Q-cm 106
Loss Factor 1 MHz - 0.009
Dissipation Factor 1 MHz - 0.0001

1.3 . Previous studies

A . Janbey , et., al . (2001) [22] , had prepared nano crystalline a-Al,O3
powders by pyrolysis of a complex compound of aluminium with
triethanolamine (TEA) and sucrose . The solube metal ion -TEA complex with
sucrose forms the precursor material on complete dehydration . The single phase
a-Al,O3; powder has resulted after heat treatment at (1150°C) . The precursor
and the heat treated final powders have been characterized by X-ray
diffractometry (XRD) , differential thermal and thermogravimetric analysis
TG/DTA , Infrared spectroscopy (IR) and transmission electron microscopy
(TEM) . The average particle size measured from X-ray line broadening and
transmission electron microscopy studies are around (20 nm) . the powder which
has crystallite sizes of the same order with the particle size indicates the low

agglomeration of crystallites.

Cheng-Liang Huang , et., al . (2005) [23] , had studied Sintering behavior
and microwave dielectric properties of nano alpha-alumina . The microstructures
and the microwave dielectric properties of nano alpha alumina (a-Al203)
ceramics have been investigated. It is found that the use of nano particle-sized
starting material can significantly improve the densification and their microwave
dielectric properties of the specimens. The a-Al203 ceramics can be sintered at

4
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1450 -C and increased beyond 99% of its theoretical density at 1500 -C. The
specimens demonstrated single a-Al203 phase throughout the entire
experiments. The dielectric constant (er) and temperature coefficient of resonant
frequency (sf) were not significantly affected, while the unloaded quality factors
Q were effectively promoted at temperatures higher than1450 -C. The er value
of 10, Q_f value of 521,000 (at 14 GHz) and sf value of _48.9 ppm/-C were
obtained for a-Al203 ceramics without sintering aid at 1550 -C for 4 h .

Marie K. Tripp, et ., al. (2006) [24] , had studied The mechanical
properties of atomic layer deposited alumina for use in micro- and nano-
electromechanical systems . Mechanical characterization of atomic layer
deposited (ALD) alumina (Al1203) for use in micro- and nano-electromechanical
systems has been performed using several measurement techniques including:
instrumented nanoindentation, bulge testing, pointer rotation, and nanobeam
deflection.Using these measurement techniques, we determine Young’s
modulus, Berkovitch hardness, universal hardness and the intrinsic in-plane
stress for ALD Al203. Specifically, measurements for ALD AI203 films
deposited at 177 °C with thicknesses between 50 and 300 nm are reported. The
measured Young’s modulus is in the range of 168—182 GPa, Berkovitch
hardness is 12.3 GPa, universal hardness is 8GPa, and the intrinsic in-plane
stress is in the range of 383-—474MPa. Multiple measurements of the same
material property from different measurement techniques are presented and
compared. ALD Al203 is an advantageous material to use over various forms of
silicon nitride, for micro- and nano-electromechanical systems due in part to the
low deposition temperature that allows for integration with CMOS processing.
Also, Al203, unlike silicon nitride, has a high chemical resistance to dry-
chemistry Si etchants. Although ALD AI203 has recently been used as both a
coating and a structural layer for microand nano-electromechanical systems, its

mechanical properties were not previously described.
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A.LY. Tok , et ., al. (2006) [20] , had prepared Al,O; nano-particles by
flame spray pyrolysis method to synthesize agglomerate-free nano-sized Al,Os
particles with a size range of (5-30) nm. The precursors and the resultant oxide
powders were characterized by chemical analysis, X-ray diffraction (XRD)
Brunauer—-Emmett—Teller (BET) analysis and transmission electron microscopy
(TEM). The novel flame spray pyrolysis method successfully synthesized nano-
sized Al,O5 of about (5-30) nm (a-phase +y-phase), and (80—100) nm (a-phase,

calcined) from AICI; vapour.

Cheng-Liang Huang , et ., al. (2007) [25], had studied Microwave
Dielectric Properties of Sintered Alumina Using Nano-Scaled Powders of a
Alumina and TiO2 . The microstructure and the microwave dielectric properties
of nano-scaled a alumina (a-Al203) ceramics with various added amounts of
nano-scaled TiO2 have been investigated. The sintering temperature of nano-
scaled a alumina can be effectively lowered by increasing the TiO2 content. The
Q_f values of nano-scaled a alumina could be tremendously boosted by adding
an appropriate amount of TiO2. However, introducing excessive TiO2 into the
alumina ceramics would instead lead to a decrease in the Q_f values. The phases
of TiO2 and AI2TiO5 co-existed at 13501C, and the maximum Q_f value
appeared right after the eradication of TiO2 phase at 14001C. Consequently,
increasing the TiO2 content to 0.5 wt% yielded a Q_f value of 680 000 GHz
(measured at 14 GHz) for nano-scaled a alumina prepared at 14001C for
duration of 4 h. In addition, a very low loss tangent (tan d) of 2_10_5 was also
obtained at 14 GHz. The sf value is strongly correlated to the compositions and
can be controlled through the existing phases. In fact, sf could be adjusted to
near zero by adding 8 wt% TiO2 to a alumina ceramics. A dielectric constant
(er) of 10.81, a high Q_f value of 338 000 GHz (measured at 14 GHz), and a

temperature coefficient of resonant frequency (sf) of 1.3 ppm/1C were obtained



Chapter One Introduction & Previous Studies

for nano-scaled a alumina with 8 wt% TiO2 sintered at 13501Cfor 4 h. Sintered
ceramic samples were also characterized by Xray diffraction and scanning

electron microscopy.

S.Cava, et .,al . (2007) [26] , had studied the structural characterization of
phase transation of Al,O; nano powders obtained by polymeric precursor
method . Nano crystalline Al,O; powders have been synthesized by the
polymeric precursor method. A study of the evolution of crystalline phases of
obtained powders was accomplished through X-ray diffraction, micro- Raman
spectroscopy and refinement of the structures through the Rietveld method. The
results obtained allow the identification of three steps on the (y-ALO; to a-
Al,O3) phase transition. The single-phase (a -Al,O3) powder was obtained after
heat-treatment at 1050 o C for 2 h. A study of the morphology of the particles
was accomplished through measures of crystallite size, specific surface area and
transmission electronic microscopy. The particle size is closely related to (y-

AlO3 to a -Al,O3) phase transition .

M.Edrissi , et. ,al .(2007) [27], had prepared nano —powder of alumina and
characterization by combustion of nitrate —amino asid gels. Nanocrystalline
alumina powders were synthesized by the combustion method using serine and
asparagine as fuels. A screening design was conducted to determine how key
process factors influence preparation of nano crystalline powders. The screening
design was utilized to rank effective factors on crystalline size of alumina
powders.The product was characterized by XRD, BET, and SEM.
Nanocrystalline (y-alumina) powders with crystal sizes between (3.95 nm) and
(6.71 nm) and (a-alumina) powders with crystallite sizes between (22.73 nm)
and (33.92 nm) have been obtained by the combustion synthesis. The specific
surface areas of samples ranged between (22 m*/g) and (75 m’/g) . Particle size

distributions were determined by LLS and the average particle sizes of (y-

7
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alumina) powders after sonication were (37.42 nm) and (79.32 nm) . Results of
statistical analysis illustrate that the fuel to oxidizer ratio is the most effective

factor to decrease the average crystal size .

R. Roman , et., al .(2008) [28] , had studied nano or micro grained
alumina powder . Two different wet routes have been used to synthesize
alumina powders in order to compare the characteristics of the final product and
its behaviour during sintering. The Homogeneous Precipitation (HP) gives rise
to nanoparticulated powders of about (2 nm) . However, such particles quickly
aggregate and grow with calcination temperature. The Polymerized Organic-
Inorganic Synthesis (POI) produces process control. Particle characterization
parameters (morphology,crystallinity and degree of aggregation) are
characterized by different techniques, such as DTA/TG, IR, XRD, SEM and
TEM, and compared between these synthesis methods. The results show the
evolution from the amorphous to the corundum alumina phase for both
processes andtheir ability for sintering, as well discuses the beneficial of
nanoparticlesobtained by HP during sintering .

A . Boumaza , et., al (2009) [29], had studied the transition alumina
phases induced by heat treatment of boehmite : An X-ray diffraction and
infrared spectroscopy study During high temperature oxidation of alumina
forming alloys, various transition aluminas are formed before reaching the most
stable (a-Al,O3) phase.In particular,the y, and 0 transition aluminas are
concerned. Precise studies on the development ,the microstructure and the
properties of the oxide layers are not straight forward owing to the difficulty to
unambiguously distinguish the various polymorphs by X-ray diffraction (XRD)
alone .To remove this difficulty ,we propose a procedure which combines XRD
and infrared (IR) spectroscopy.( vy,0) and (a-Al,Os;) phases, prepared by
dehydration of aluminium oxihydroxide AIOOH (boehmite), were measured by

XRD and IR spectroscopy on all samples. Thus, reference IR spectra were

8
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obtained for all alumina phases, as well as an assignment of the main band in
agreement with previous studies ,and coherent with the structural evolution of
various polymorphs. This precise characterization may constitute abasis for
further investigations on thin layers of alumina formed wunder various

experimental conditions (temperature , atmosphere ,etc.) .

Fatemeh mirjalili, , et .,al .(2011) [30] , had prepared nano —scale (a-
Al,O3) powder by the sol —gel . Sol-gel method was applied to synthesize
ultrafine nano (a-alumina) particles using aqueous solutions of aluminum
isopropoxide and (0.5 M) aluminum nitrate hydrate. Sodium dodecylbenzen
suffocate and Sodium bis-2ethylhexyl sulfosuccinate were also used as
surfactant stabilizing agents. The prepared solution was stirred for (48 hours) at
(60°C) , then, the resultant gelled mass was dried at (90°C) , and finally,
calcined at (1200°C) for about (1 hour). The samples were characterized by
different techniques such as, Brunauer-Emmet-Teller method, X-ray diffraction,
Thermogravimetry analysis, Differential Scanning Calorimetry, Fourier
transform infrared spectra, Scanning electron microscopy and Transmission
electron microscopy. The results indicated that the addition of sodium
dodecylbenzen sufonates and sodium bis-2ethylhexyl sulfosuccinate not only
affected the particle size and shape of the produced nanoparticles but also the
degree of aggregation. However,sodium dodecylbenzen sufonate produced
better dispersion and finer particles, in range of (20-30) nm, compared to

Sodium bis-2ethylhexyl sulfosuccinate.

M. R. Karim ,et., al .(2011) [31], had studied and synthesis (y-alumina)
particles and surface characterization . Alumina was synthesized via sol-gel
technique by the hydrolysis of aluminium ion controlled by urea in aqueous
media. The resulting sol composed of AI(OH); particles coalesced and became a

transparent gel. The freshly prepared gel was heated at (280°C) to obtain

9
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alumina particles. The obtained particles were found to be amorphous (y-
alumina) particles with high porosity,characterized by FTIR, XRD and SBET
techniques. Electron micrograph shows that the particles are nano-sized having
non-spherical shape. Comparatively higher magnitude of adsorption of cationic
surfactant indicated that the surface of alumina particles is negatively charged.
Rodica rogojan , et .,al .(2011) [32] , had studied synthesis and
characterization of alumina nano-powder obtained by sol-gel method . It is
known that sol-gel method is an alternative method to produce ceramic powders.
The present study deals with the synthesis and characterization of Al,Os;
nanopowders which can be a potentially utilized material for biocompatible
implants.[1-4] Based on sol-gel method, the synthesis started from different
chemical nature precursors — inorganic (aluminum chloride, AlCl;) and organic
(aluminum triisopropylate, (C3H;0);)Al). The powders obtained after drying the
gel were heat treated at (1000°C) and (1200°C) for (2 hours). X-ray diffraction
was used in order to characterize the powders in terms of their crystallinity
degree and crystallite size. Microstructural and morphological characterization
was performed using electron-microscopic techniques - scanning electron

microscopy (SEM) and transmission electron microscopy (TEM) .

Omid Rahman pour,et.,al .(2012) [33] , had studied a new method for
synthesis nano size (y- Al,O3) catalyst for dehydration of methanol to dimethyl
Ether . The materials in nano-scale show different characteristics in comparison
with their bulk state . Nano-size porous (y-alumina) was successfully
synthesized by precipitation method under altrasonic vibration mixing

chemistry help the nano particles to synthesis regular form . the synthesized

catalyst characterized by SEM , XRD , BET , and TPD

10
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Sarojini Swain , et., al. (2012) [34] , had studied Effects of Nano-
silica/Nano-alumina on Mechanical and Physical Properties of Polyurethane
Composites and Coatings . the use of nano-silica / nano-alumina in polyurethane
(PU) matrix, which lead to significant improvements in the mechanical and
thermal properties of the nano-composite. It is observed that with incorporation
of 1% of nano-alumina into the PU matrix, there is an improvement in the
tensile strength of around 50%, and for nano-silica the improvement is around
41%, at the same concentration. The morphological data shows that above 3% of
the nano particles there are agglomerations in the nanocomposite. Again with
the absorption of moisture, there is a decrease in the thermal and mechanical
properties of the PU resin, but in this research work it is observed that with the
incorporation of the nano particles, in the presence of absorbed moisture there is
an improvement in mechanical and thermal properties of the composite, over
that of the PU matrix.

Wenhu Yang , et ., al.(2012) [35], had studied Effect of Particle Size and
Dispersion on Dielectric Properties in ZnO/Epoxy Resin Composites . In this
paper, ZnO-Epoxy nanocomposites (NEP) were prepared and epoxy composites
that contain 5 wt% micro ZnO (MEP) and deliberately not well dispersed nano
Zn0O (NDNEP) were also prepared for purpose of comparison.The effects of the
particle size and dispersion of ZnO on dielectric properties of epoxy resin were
chiefly studied .Test results showed that: at a loading of 5 wt%, the three epoxy
composites seem to have no significant difference on resistivity compared to
epoxy resin; Dielectric constants of all the epoxy composites are also basically
the same but they are bigger compared to that of the pure epoxy resin (unfilled);
Dielectric dissipation factors (tand) of NDNEP is greater than that of NEP and
MEP. NEP has the minimum dielectric loss factor, whereas dielectric loss
factors of the three epoxy composites are larger than that of the pure epoxy
resin. The decreasing order of electrical breakdown strength for the three epoxy

composites and for the pure epoxy resin is as follows: NEP>MEP>NDNEP>EP.

11
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Finally, in order to explain the experimental results the aggregation interface
phase was proposed. Furthermore, addition of well dispersed nano filler has
proved to have a positive effect on the improvement of the dielectric properties
of epoxy resin.

Akash Mohanty , et ., al.(2013) [36] , had studied Dielectric breakdown
performance of alumina/epoxy resin nanocomposites under high voltage
application . Epoxy/alumina nanocomposites were prepared by reducing micron
size alumina into nanosize during the casting process. In our current
investigation it was found that, at low concentration alumina nanoparticles
exhibit uniform dispersion of alumina nanoparticles in epoxy nanocomposite
while at higher concentration they depict aggregation of alumina particle. Since
uniform dispersion of alumina nanoparticles results in improved thermal
stability and viscoelastic behavior. It leads to remarkable improvement in
breakdown voltage, and breakdown time of epoxy/alumina nanocomposites as
compared to neat epoxy. Epoxy nanocomposites containing 2 wt.% of alumina
particles results in increase of breakdown voltage by 91% and breakdown time
by 155% as compared to neat epoxy. Hence, the nanocomposites developed can
be used as insulating material in electrical instruments which require high
breakdown voltage as well as improved viscoelastic behavior and thermal
stability.

K.G. Kalpana Sarojini , et ., al.(2013) [37] , had studied Electrical
conductivity of ceramic and metallic nanofluids . An extensive experimental
evaluation of electrical conductivity of nanofluids containing metallic and
ceramic particles (Cu, Al203, and CuO) with different volume fractions in the
dilute regime, particle sizes, electrolyte effect, temperature and base fluids has
been carried out. It is observed that, in both water and ethylene glycol (EG)-
based nanofluids, the electrical conductivity increases with increasing particle
concentration and reducing particle size. It is argued that the effective dielectric

constant and density are at the root of the counterintuitive observation that the

12
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electrical conductivity enhancement of ceramic nanofluids is more than that of
metal-based ones which is substantiated by the Clausius—Mossotti relation for
the polar fluids. The influence of surfactant is found to increase the stability and
decrease theelectrical conductivity of the nanofluids by increasing its viscosity.
There is a rise in electrical conductivityof nanofluids having low electrolyte
concentration whereas a decrement is observed in nanofluids of high electrolyte
concentration due to reduced surface conductance. These experimental
observations on alumina nanofluids are compared with the theoretical model
proposed by O’Brien . for electrical conductivity of dilute suspensions. It has
also been observed that there is no significant effect of fluidtemperature on the
electrical conductivity in the range 30-60 °C. This clearly indicates that
enhancement

mechanism for electrical conductivity is completely different from that of

thermal conductivity in nanofluids .

1.3 Aims of the Study

Preparation of (y-alumina) with nano size particle , Studying the
mechanical properties (Density, porosity and Hardness) for the prepared alumina
and the effect of temperature on these properties and the dielectric
properties(dielectic constant , tangent loss , electrical conductivity , electrical
resistivity, Dielectric strength and break down voltage ) and the effect of

frequency and temperature on these properties .

13



Chapter One Introduction & Previous Studies

14



Chapter Two %g

Theoretical
Background



Chapter two Theoretical Background

2-1 Introduction
This chapter shows the theoretical part which includes the explanation of (
mechanical , electrical and Dielectric ) properties .

2.2 Alumina

Alumina (Al,O3) or aluminium oxide is the only oxide formed by the
metal Aluminium and occurs in nature as the minerals corundum (AL,Oj) ;
diaspore (Al,03.H,0) ; gibbsite (Al,03.;H,0) ; and most commonly as bauxite,

which is an impure form of gibbsite .

The importance of Alumina is two —fold ;it is used as a starting material for
the smelting aluminium metal , and used as a raw material for abroad range of
advanced ceramic products and as an active agent in chemical processing
.("Alumina" Britannica) Although the naturally occurring corundum , ruby and
sapphire and sometimes also referred to as Alumina but the proper use of the term
is limited to the material that is derived from bauxite and employed in the

production of aluminium industrial ceramics , and chemical processing [38]

This is (Al,O3), which is called corundum (aluminum oxide crystalline) as
an extra material in metamorphic rocks such as marble and igneous rocks, rich and
poor aluminum such ascyanide, due to the hardness ofthe material
and notinfluence by the weather 1is often concentrated in the form
of granules are carried in rivers streams and on the shores of the sea [39].
The bauxite (aluminum hydroxide) (Al,(OH)s) main raw material that we get
alumina from it. As containrate alumina (40-68) % as well as varying
proportions of impurities (Fe,O3;, SiO,, TiO,) that commonly used in multiple
applications in ceramics and refractories [40,41]. Alumina prepares from bauxite

heated by high temperature, as follows: -

2AI(OH), —2%< 5 Al O, +3H,0
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Aluminum oxide (Al,O3), 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 (Eg>
8eV) [62-64]. 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 [42].

Alumina is one of the most widely used thermal oxides due to the high
resistance to heat, mechanical durability and resistance to thermal shock [43]. It
i1s 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.[44] 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,O3) 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 [45,46].

2.3. Alumina (Aluminum Oxide) Structure

The structure of Aluminum Oxide has two types of sites, hexagonal and
octahedral in which it holds the atoms. Hexagonal sites are the corner atoms in
the cell while the octahedral sites are present between two layers of vertical
stacking. Aluminum cations are in (2/3) of the octahedral sites, and oxygen
anions are in (1/3) of the octahedral sites. Each oxygen is shared between four
octahedra. The oxygen presence in octahedral sites permits strong bonding and,
therefore, gives rise to the characteristics of the properties of alumina [38]
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2.4.Physical properties ( Density , porosity)

Archimedes Principle states that the buoyant force on a submerged object

1s equal to the weight of the fluid that is displaced by the object.

Bulk Density (BD) and apparent porosity (AP) can be measured using the
Archimedes buoyancy technique from dry weights, soaked weights and
immersed weights in water (mercury, xylene or denatured alcohol if the

refractory is water sensitive) [47]
2.4.1 Bulk density

Apparent Density (BD) is mass divided by bulk volume where bulk
volume is the volume of solid and of open and closed porosity. Bulk density can

be calculated as follows [48]:
Bulk density = M/ V (gm/Cm"°)

BD=Wp/(WS—=Wp) .o (2-1)

2.4.2. Apparent porosity and water absorption

Apparent Porosity (% AP) is open pore volume as a percentage of bulk

volume.

The Apparent Porosity calculated from the Dry, Soaked and Suspended weights
[48] as follows:

%% AP = (Ws - Wp) x100% / (Ws — Wp) ceeeeiineennnnnn (2-2-A)

Water absorption = ( Wg - Wp/ Wp ) x100% .........(2-2-b)

Where :

Wp : dry weight (gm)

W; : soaked weight , W; : suspended weight
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2.5. Mechanical properties(hardness)

We can defines hardness as "Resistance of material to plastic deformation,
usually by indentation. However, the term may also refer to stiffness or temper,
or to resistance to scratching, abrasion, or cutting. It is the property of a metal,
which gives it the ability to resist being permanently, deformed (bent, broken, or
have its shape changed), when a load is applied. The greater the hardness of the

metal, the greater resistance it has to deformation.

In mineralogy the property of matter commonly described as the resistance of a
substance to being scratched by another substance. In metallurgy hardness is

defined as the ability of a material to resist plastic deformation.

The dictionary of Metallurgy defines the indentation hardness as the resistance
of a material to indentation. This is the usual type of hardness test, in which a
pointed or rounded indenter is pressed into a surface under a substantially static

load .
2.5.1. Hardness Measurement Methods

There are three types of tests used with accuracy by the metals industry; they
are the Brinell hardness test, the Rockwell hardness test, and the Vickers
hardness test. Since the definitions of metallurgic ultimate strength and hardness
are rather similar, it can generally be assumed that a strong metal is also a hard
metal. The way the three of these hardness tests measure a metal's hardness is to
determine the metal's resistance to the penetration of a non-deformable ball or
cone. The tests determine the depth which such a ball or cone will sink into the
metal, under a given load, within a specific period of time. The followings are

the most common hardness test methods used in today's technology:
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1. Rockwell hardness test
2. Brinell hardness

3. Vickers

4. Knoop hardness

5. Shore .

2.5.2. Vickers Hardness Test

It is the standard method for measuring the hardness of metals,
particularly those with extremely hard surfaces: the surface is subjected to a
standard pressure for a standard length of time by means of a pyramid-shaped
diamond. The diagonal of the resulting indention is measured under a

microscope and the Vickers Hardness value read from a conversion table .

Vickers hardness is a measure of the hardness of a material, calculated
from the size of an impression produced under load by a pyramid-shaped
diamond indenter. Devised in the (1920s) by engineers at Vickers, Ltd., in the
United Kingdom, the diamond pyramid hardness test, as it also became known,
permitted the establishment of a continuous scale of comparable numbers that

accurately reflected the wide range of hardness found in steels.

The indenter employed in the Vickers test is a square-based pyramid
whose opposite sides meet at the apex at an angle of (136°) . The diamond is
pressed into the surface of the material at loads ranging up to approximately(120
kilograms-force), and the size of the impression (usually no more than 0.5 mm)
is measured with the aid of a calibrated microscope. The Vickers number (HV)

is calculated using the following formula:

F

Vol = T

e (2-3)

H.V = 1.854(F/d%)
H.V : Vickers Hardness
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with F being the applied load (measured in kilograms-force) and d* the area of
the indentation (measured in square millimetres). The applied load is usually

specified when HV is cited.

The Vickers test is reliable for measuring the hardness of metals, and also
used on ceramic materials. The Vickers testing method is similar to the Brinell
test. Rather than using the Brinell's steel ball type indenter, and have to calculate
the hemispherical area of impression, the Vickers machine uses a penetrator that
1s square in shape, but tipped on one corner so it has the appearance of a playing
card "diamond". The Vickers indenter is a (136 degrees) square-based diamond
cone, the diamond material of the indenter has an advantage over other indenters
because it does not deform over time and use. The impression left by the
Vickers penetrator is a dark square on a light background. The Vickers
impression is more easily "read" for area size than the circular impression of the
Brinell method. Like the Brinell test, the Vickers number is determined by
dividing the load by the surface area of the indentation (H = P/A). The load
varies from (1-120) kilograms. To perform the Vickers test, the specimen is
placed on an anvil that has a screw threaded base. The anvil is turned raising it
by the screw threads until it is close to the point of the indenter. With start lever
activated, the load is slowly applied to the indenter. The load is released and the
anvil with the specimen is lowered. The operation of applying and removing the

load is controlled automatically.

Several loadings give practically identical hardness numbers on uniform
material, which is much better than the arbitrary changing of scale with the other
hardness machines. A filar microscope is swung over the specimen to measure
the square indentation to a tolerance of plus or minus (1/1000) of a millimeter.
Measurements taken across the diagonals to determine the area, are averaged.
The correct Vickers designation is the number followed "HV" (Hardness

Vickers). The advantages of the Vickers hardness test are that extremely
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accurate readings can be taken, and just one type of indenter is used for all types
of metals and surface treatments. Although thoroughly adaptable and very
precise for testing the softest and hardest of materials, under varying loads, the
Vickers machine is a floor standing unit that is rather more expensive than the

Brinell or Rockwell machines [49]

2.6. Electrical properties

The electrical properties of substances play an important role in many
electrotechnical applications. The factors that have the most influence on these
properties are the purity of the constituent oxides and the effect of impurities on
the final produced, the proportions and homogeneity in the powder mix and the

control of temperature [50].

2.6.1. Electrical Conductivity

This section deals with response of ceramics to the application of a
constant electric field and the nature and magnitude of steady-state current that
is proportional to a material property known as conductivity. In metal, free
electrons are solely responsible for conduction. In semiconductors, the
conducting species are electrons and/ or electron holes. In ceramics, however,
because of presence of ions, the application of electric field can induce these
ions to migrate. Therefore, when dealing with conduction in ceramics, one must
consider both the ionic and the electronic contributions to the overall
conductivity. The proportionality constant (c ) is the conductivity of material,
which is the conductance of a cube of material of unit cross section [51]. The
electrical properties of ceramics depend on the charge transport among B-site

ions.
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2.6.2 Resistivity

High resistivity ceramics with low eddy current losses are required from
the technological applications point of view. The electrical resistivity of
ceramics has been normally found to increase on doping or substituting with
other oxides occurring at high frequencies in ferromagnetic materials[52]. This
resistivity varies with applied field, temperature and frequency. Generally for
ceramics materials, it decreases slightly as frequency increases. The
characteristic tables of the materials indicate the mean DC - resistivity values for
the various ceramic materials measured at low frequency and with a low field by

using the formula [53].
p=R% O=1/p (2-4)

where (R) is electrical resistance, (A) represents the surface area, and (h) is the

thickness of the model, (o) represent the electrical conductivity .

The resistivity depends on temperature as in the relationship [55].
P=pPoXP(Eo/KT) oo (2-5)
where E, activation energy, T temperature, k is the Boltzmann constant

(k =8.62 #107 eV .k'l) and ( p, 1S a constant).
2.7. Dielectrics

A dielectric material is a non-conducting substance whose bound charges
are polarized under the influence of an externally applied electric field [54].
Materials have low electrical conductivity. and use insulators to prevent the flow
of the voltage to places that are undesirable or dangerous [55]. 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
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moves electrons through the barrier sufficient to produce the current. According
to the theory of energy bands for solids, a bundle valance band (V.B) be
completely filled in the absolute zero temperature. The Energy gap (Eg) between
the Valance band and the Conduction band, as show in the figure (2-1):

Empty | C.B

I

Fig. (2-1) Sketch Energy Bands at the Absolute Zero Temperature for
dielectric.[55]

V.B

The depth (energy difference) of this gap may be (10eV) and above, where even
if it 1s 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 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 [55]. It
is worth mentioning that the dielectric 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
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induced dipole moment (polarized) [56]. But if the electric field is very large,
this could lead to the acquisition of electrons of energy for conduction and so

insulation broken [55,57].

2.7.1. The main principal conditions of dielectric 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.
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Main classification for the types of dielectric at the temperature can be made

clear in table (2-1):

Table (2-1) Main category of the types of dielectrics at 20°C [58,59]

Dielectrics Examples

Materials

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.

dielectrics 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 dielectric 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 [55].
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2.7.2. Classification of Dielectric materials:

Through the relationship between the electric field and polarization

dielectric materials can be classified to:

1- Permanent Polarization: Materials that are polarized in the absence of the

electric field [60].

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: -

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 [61].

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 [60].

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 [62,63].
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2.8. Polarization

Dielectrics 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
dielectric material moleculars are called (Non polar molecules) [64,65]. 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 dielectric
material molecular are called (polar molecules). Induction of the dipoles is
called electric polarization [66].

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
density in a dielectric, equal to the dipole moment per unit volume of material

being defined as follow:

P=Nm .(2-6)

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)[67]:
m=qd (2-7)

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:
D=g E+P .(2-8)

Where:

€o: 18 the permittivity of vacuum (8.85)(10'12 F/m)
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The relationship between the electrical displacement and the electric field

through a dielectric medium is:
D:gogrE ...(2_9)

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

for vacuum ¢,=1, so

D=¢cE ..(2-10)

By substitute equation (2-10) in (2-9) we get [68,69]:
P=¢ecE-¢E
P=¢ (e -DE (2-11)

2.9. Types of Polarization:

2.9.1. 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 (2-2a).

2.9.2 Ionic Polarization
Ionic 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 (2-2b).

2.9.3 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
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tendency is counteracted by the thermal vibrations of the atoms, such that

polarization decreases with increasing temperature. as shown figure (2-2c) [70].

2.9.4 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 [71,72].

Other polarizations that based on the chemical composition 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 [73]. as shown figure (2-2d).
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Mo field Field applied

Electronic polarization
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Fig. (2-2) Schematic diagram for the types of polarization.[71]
a) Electronic Polarization
b) Ionic Polarization
¢) Orientation Polarization

d) Space charge Polarization
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2.10. 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
2.10.1. 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:

C - gA
d

(2-12)

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

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

C=" (2-13)
Where:

€: is the permittivity of the dielectric material.
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The relative permittivity, (dielectric constant), of a material (g;) defined as:

£ =— (2-14)

Since (¢) 1s always greater than (g,) , the minimum value for (g;) is (1). By
substitute equs. (2-14 in 2-13), the capacitance of the metal plates separated by

the dielectric 1s :

C=g SA .(2-15)
CozC .(2-16)

Thus (g;) 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[70,62,74].
2. 10.2 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 [62,75]:

P = V2R ~(2-17)
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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 i1s an amount of power loss in an electrical insulator.
Dielectric losses at a direct voltage can easily be found from eqn. (2-17) 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 containing a capacitor, with air as a dielectric medium. The current (I)

passing through the capacitor according to Ohm's law.

[ =— ..(2-18)

Where (X.) is the impedance of the capacitor of a capacitance (C)

X =— (2-19)

Considering the dielectric material in a capacitor (¢), w=2nf, where, ® is the

angular frequency f is the frequency
j=v-1

The current (I) may be calculated by substitute equation (2-17) in (2-19) and the

result in equation (2-20) as follow:
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I=jweC.V ..(2-20)

The current (I) in a dielectric is (90°) advanced in phase in relation to the voltage
as shown in figure (2-3), 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 without losses and emission of heat "Ideal dielectric".

Fig. (2-3) Simplified diagram of currents in a loss dielectric.[62]

In actual fact the phase angle (@) is slightly less than (90°), the total
current (I) through the capacitor can be resolved into two components active

(resistive current) (I,) and reactive (capacitive current) (I;) currents [76].

The phase angle is very close to (90°) in a capacitor with a high quality
dielectric, the angle (d) is a more descriptive parameter which, when added to

the angle (¢), brings the angle (¢) to (90°).

5=90°-¢ (2-21)
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The angle (9) is the dielectric loss angle. If (0) is small, therefore (sind = tand).
The tangent of this angle is equal to the ratio between the active and reactive

currents:

tan(;:;_a (2-22)

r

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 =& -je ..(2-23)

/

] "
In which €-is the real component of dielectric constant of the material ,and( & )

1s the imaginary component, is known as the dielectric loss factor [77,78].

We can find the value of (I,) and (I,) by substituting equ. (2-23) in equ. (2-20):

I=jo(s -je)CV ..(2-24)
I =we! CV+ josCV ...(2-25)

The total current (I) in terms of the components (I,) and (I,) are:

I=1 +]I .(2-26)
I, =we'CV (2-27)
I =we'CV .(2-28)

By substituting equations (2-27) and (2-28) in eqn. (2-22) we can get

"

tans = - .(2-29)
&

/
r

34



Chapter two Theoretical Background

The quality factor (Q) of an insulator portion is determined, the reciprocal value

of the loss tangent [79]:

Q =1/tand = cotd ..(2-30)

The expression form for the value of dielectric losses (Py) in an insulation

portion having a capacitance (c) [80]:

P, =VI, =VI tand .(2-31)

2.10.2.1. dielectrics Temperature Dependent

Effects of temperature on the dielectric properties of ceramics were
carried out up to a maximum temperature. It was observed that the dielectric
constant of ceramic material increases with increase of temperature. In
dielectrics, 1onic polarization increases the dielectric constant with increase in
temperature [81]. An electron interacts through its electrical charge with the ions
or atoms of the lattice and creates a local deformation of the lattice. The
deformation tends to follow the electron as it moves through the lattice. The
combination of the electron and its strain field is known as polaron. The atoms
or molecules in the samples cannot in most cases orient themselves at low
temperature region. When temperature rises the orientation of dipoles is
facilitated and small polaron motion may result from the absorption of one or
more phonons and this process is essentially the hopping mechanism. The
contribution from the conventional band mobility and from hopping mechanism
are additive. ceramic materials like semiconductors, their resistivity decreases
with increase in temperature and show arrhenius type temperature dependence

according to the equation[81]:
p=poexp (E./kT) (2-32)

where, (E,) in equation(2-32), is thus called the activation energy of hopping and

the graph between (In p) and (1/T) is linear in some cases but usually a curve is
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also observed. (E,) values are found to be in the range of (0.1-0.5) eV. But at
very high temperatures the chaotic thermal oscillations of molecules are
intensified and the degree of orderliness of their orientation is diminished thus

the permittivity passes through a maximum value.

The materials having the higher resistivity at room temperature have
associated high activation energy. Many workers have established the relation
between resistivity and the stoichiometry. The presence of excess iron leads to
the formation of more ions, so in the preparation of high resistivity ceramics, it
1s necessary to avoid excess iron in the lattice by adding cobalt and manganese

which inhibit the formation of ions.
2.10.2.2. Frequency dependent

At low frequencies, e.g. audio frequencies (10° Hz) May contribute to
each of the four polarizations (o.) is electronic polarizability, (o;) ionic
polarizability, (aq4) dipolar polarizability and (o) space charge polarizability) in
the composition of total polarization (o). In this case, when a dielectric material
is subjected to an alternating field the orientation of dipoles and hence the
polarization will tend to reverse every time the polarity of the field changes. As
long as the frequency remains low (< 10° Hz) the polarization follow the
alternations of the field without any significant lag, while at radio frequencies
the dipole will no longer be able to rotate sufficiently rapidly so that their
oscillation will begin to lag behind those of the field. At microwave frequencies
(~ 10° Hz) the permanent dipoles, if present in the medium, will be completely
unable to follow the field and the contribution to the orientation polarization
would be increased . The time scale of ionic polarizations is such that they do
not occur at frequencies higher than infrared (~ ~ 10'* Hz). This leaves the
electronic polarization which is observable into the (UV) but is relaxed out at
(X-ray) frequencies [82]. In good dielectric materials, the limiting low frequency

permittivity is composed of only ionic and electronic polarizability.A general
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relation of the following form explains the variation of dielectric constant with

frequency[82].

€"=(0—0")/e'"® (2-33)
where (¢' ) and (¢" ) are the real and imaginary part of dielectric constant, (o)

and (o ")are the (d.c) and (a.c) conductivities respectively, and (®) is the angular

frequency which is equal to (27tf ). The imaginary part of permittivity describes
the energy loss from an (AC) signal as it passes through the dielectric material.
The real part of relative permittivity is also called dielectric constant, and which
explains the relationship of the (AC) signal’s transmission speed and the
dielectric material’s capacitance. Dissipation factor (tangent loss ) is the ratio of

the energy dissipated to the energy stored in the dielectric material.

2.10.3 Dielectric Strength

The average potential per unit thickness at which failure of the dielectric
material occurs [83]. Whichever, the magnitude of the electric field required to
cause dielectric breakdown is called the dielectric strength [71,84]. 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 [85]. The voltage
that occurs then the breakdown is called (Breakdown Voltage). When divided by
the thickness of the samples [86]. As equation following [58,87]:

Dielectric strength = breakdown voltage

insulator thickness

E, - U;r ........... (2-34)
Uhr - Ebr'h
Where
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E, : Dielectric strength, and calculated by units: (kV/mm) or (V/um) [83].
U, :break down voltage, i :dielectric thickness.

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 [70,89]. 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,O3 being typical [71] and dielectric Strength
can be reduced by Cracks, impurities and pores [86].

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 [90].
It is important to notice that the dielectric strength of dielectrics vary depending
on where in the applying-voltage (d.c) give (25-30)% values higher than the
voltage (a.c) at the frequency (60Hz) [91], as in NaCl, where the value of Ey,
(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 [92]. 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
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moment pass conduction current is within the insulator and increasingly after the
voltage of decreasing due to reduced resistance to insulator, and this situation
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 (2-4) :

The first: In the region (I): - 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 (II): - saturation region where the current remains
constant despite increasing voltages.

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

above a certain value, which is breakdown voltage (Ubr) [92].

I Ub T |

Fig. (2-4) Shows the relationship between Current and Voltage In The Solid

Insulators. [92]
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 [93]. As shown in figure (2-5)
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Fig. (2-5) Mechanisms of Failure and Variation of Breakdown Strength in
Solids with Time of Stressing.[93]
2.11. The Main Types of Breakdown that occur In dielectrics
2.11.1 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 [94].

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 [92]. 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 value practically under the best
circumstances the process when removed externalities where the value depends

on the type of material and the temperature only [95].
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Characterized by self-breakdown of the following advantages:

1. Short time of increasing voltage up sometimes to microseconds (10 107)
sec and the breakdown occurs at once after applying the voltage then the so-
called pure breakdown.

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
[62].

4. Little dependence of the dielectric strength on the temperature [96].

2.11.2 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[62]:

A
U =382 |——— h 2-135
br \ f& atand, (0('8 ) ( )

Where:

Ubr: Breakdown Voltage, (kV).

A : Coefficient of Thermal Conductivity, (W/(m.K)).
f: Voltage frequency, (Hz).
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¢,,0,: Permittivity and loss angle at initial temperature before applying voltage
on the insulator .

a : Thermal coefficient of dielectric loses factor, (K'l).

h: Thickness of the dielectric, (m).

p: Coefficient of describes retrieval the heat from insulator to the environment.

Where[62]:
_ 40 = _
=500, + om) " (2230

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

Q: Coefficient of thermal conductivity from poles to the environment
(W/(m*.K)).

h, : Thickness of Pole, (mm).

When the dimensions of (8h4) high and increasing, the function ( ¢(8%)) can be

equal to (0.662) approximately. In the case if the poles is very thin, we assume (

h, = 0) in equation (2-36) and which can get a simplified expression for the limit

(B)I62]:

B = %,1 m” (2-37)
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Fig. (2-6) draw to function ( ¢(h)), and the (x-axis) logarithmic. [62]
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As follows from equations (2-28) and (2-29) for the thickness of the dielectric
layer is very large (h, =), there must be (B4 =oo0) and ( @(Bh)=0.662), s0

Ubr when (5, =), is gaining a maximum specific value:

U, =253 A kV (2-38)
fe,atand,

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 [62,93].

When applying electric field to the dielectric 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 [97,98].

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

relative dielectric constant [94] .
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2.11.3 Electromechanical Breakdown:

During the test dielectric 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 is applied.
The pressure exerted when the field reaches about (106 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

1s in equilibrium with the mechanical compressive strength if [93]:

£, sz = Yln(ﬁj (2-39)
2d d
or:
o 2vd m(éj
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:

%

14

E, =-—* =iEa~o.6L (2 40)
d. d. EE,
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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 [95].

2.11.4 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
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 [93].
Figure (2-7) 1s 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 |
__I . X :
I ¢ |
. : dors s
L]
I I : 4 Solid
7
// 77T / 7 7 \ A A
Puncture due to Puncture not due to
ambient discharge ambient discharge

Fig. (2-7)Breakdown of Solid Specimen due to Ambient Discharge-Edge
Effect.[93]

If we consider an elementary cylindrical volume of end area (dA)

spanning the electrodes at distance (x), then on applying the voltage (V)
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between the electrodes, a fraction ( V1)of the voltage appears across the ambient
given by:

vd,
()

here (d1) and( d2 )represent the thickness of the media (1) and (2) in figure (2-7)

v = (2~ 41)

and (e1) and (e2) 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 distance (x) is decreased, and reaches very high
values as( di1) becomes very small (point B). Consequently the ambient breaks
down at a relatively low applied 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 (2-8) 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 (2-8) 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
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edge effect but may be observed in other dielectric failure mechanisms in which

non uniform field stresses predominate [93,98,99].
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Fig. (2-8) Breakdown channels in plexiglass between point-plane
electrodes.[93]

2.10.5 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 [93]. lately,
informations level about Erosion breakdown exposed from researchers Mason
and Kreuger [97,98]. Figure (2-9) 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, (Cv) corresponds to the capacitance of the dielectric
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which is in series with (Cc), and(Ca) is the capacitance of the rest of the

dielectric.

A
| i

by T

o ) To  mme, v,
I I Y

g ten T

Fig. (2-9) Electrical discharge in cavity and its equivalent circuit.[93]

For (t << d), which is usually the case, and assuming that the cavity is filled with
gas, The voltage across the cavity is:

t
V=V — e 2—-42
e = Vel ( )

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 (2-10) The dotted curve
shows qualitatively 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 [93]. 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
48



Chapter two Theoretical Background

break the chemical bonds of the insulation surface. similarly, bombardment of
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.
(O3) or (NOy), 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 [93,97-99].

Fig. (2-10) Sequence of cavity breakdown under alternating voltages.[93]

2.12. 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.
[62,92].
We will expose these factors as follows:
1- Internal Structure of the dielectric

Where the dielectric strength depends on internal structure of the
dielectric 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
[85].
2- Engineering and the Type of Poles

The poles between the source of high voltage and the dielectric effect on
the dielectric strength, where increasing the area of the poles (in comparison to
the dimensions of the dielectric) reduces the break voltage and that the
increasing points of the penetrating of the dielectric 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 dielectric [62,92].
3- Humidity

Effect of humidity on the dielectric strength of dielectrics, where
dielectric strength decreasing when the amount of humidity content increased,
the influence of humidity increases with increasing temperature [62,94].
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 [99]. It is mention that the intrinsic
breakdown doesn’t depend as much as on frequency, while electrothermal
breakdown depend greatly on frequency [62,92].
5- Thickness of dielectric

The dielectric strength changing with a thickness of dielectric 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 decreased dielectric strength. Also, the increase in thickness
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reduces the electric field generated by the applying voltage [62,95]. As shown in
figure (2-11)
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Fig. (2-11) Effect of thickness on the dielectric strength.[92]

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 (2-12)[92,94,100].

51



Chapter two Theoretical Background

—_
)

o0

E/(10°V/cm) —»
(@)

-60 -40 20 O 20 40 60 80 100
T(°C) —

Fig. (2-12) 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 (10'8—1) sec 1s 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

turn lead to hole dielectric. It was found that voltage elevating average and
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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 [76,92,94,101]. 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.

[62,102,103].
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3.1 Introduction

This chapter shows the experimental part and the process of preparation of
nano (Al,O3) with testing methods such as ( XRD, SEM) and studying electrical
and physical properties.

3.2 Raw materials

I- Aluminium nitrate nonahydrate Al(NO3);.9.H,O with purity of (99%) from

Riedel-Dehaen company / Germany
2- urea with purity (99%) from Fluka company

3- Distilled water
3.3 Tools and equipment

Volumetric flasks , filter paper , beakers , magnetic stirrer ,Oven , furnace
, then for testing XRD , SEM , Archimedes basis ,Vickers hardness , LCR

Meter and dielectric strength instrument were used, .
3.4 Preparation of alumina by (sol-gel method )

1-Solution preparation

AI(NO3)3.9.H,O (35gm) was dissolved in (35 ml) of deionized water at
(22°C) in a beaker and then placed on a magnetic stirrier . Urea (72gm) was

added to the solution.
2- Filtration process

The solution was filtered to remove any insoluble impurities .
3-Heating process

The solution was heated at (100°C) for (12hrs) to produce transparent gel
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4- Drying process

The gel of alumina was heated at (280°C) for (1hrs) to produce a yellow

powder.
5- Washing and filtration processes

The powder washed several times with distilled water and then filtered .
6- Drying process

Drying the powder was done at (70°C) for (2hrs) to produce a white color

powder
7- Molding equipment

There are many types of equipment used in powder compacting. These
are the molds. A mold is designed for the manufacture of samples in the form of
pellet in diameter (1cm) and thickness (Smm) . It uses hydraulic press with a
pressure of (500-700) psi, and the diameter of the mold used (1cm) with a height
of (3cm).

8. Heating process

The pellet sample of alumina was heated at (350°C) to study the change

of properties with temperature .

3.5 Instrument

3.5.1 X - ray diffraction

X-ray diffraction is one of the most important characterization tools used
in solid state chemistry and materials science . XRD is an easy tool to determine
the size and the shape of the unit cell for any compound. Powder diffraction
methods is useful for qualitative analysis (phase Identification), quantitative
analysis ( Lattice parameter determination and Phase fraction analysis) etc.

Diffraction pattern gives information on translational symmetry — size and shape
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of the unit cell from peak positions and information on electron density inside
the unit cell , namely where the atoms are located at peak intensities .It also
gives information on deviations from a perfect particle , if size is less than
roughly (100 nm) , extended defects and micro strain from peak shapes and

widths .

Testing of X-ray diffraction of the oxides prepared by using a diffraction
X-ray type (XRD-6000) with an accelerating voltage of (220/50)HZ , of the
SHIMADZU company (JAPAN) that generates (1.5406A°) to the source of the
target (Cu) and within range of angular (2 8 =20°-60°) which is shown in the
fig. (3-1).

Fig. (3-1) XRD instrument used
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3.5.2 Scanning electron microscope (SEM)

The scanning electron microscope (SEM) uses a focused beam of high-
energy electrons to generate a variety of signals at the surface of solid
specimens. The signals that derive from electron sample interactions reveal
information about the sample including external morphology (texture), chemical
composition, and crystalline structure and orientation of materials making up the
sample. In most applications, data are collected over a selected area of the
surface of the sample, and a 2-dimensional image is generated that displays
spatial variations in these properties. Areas ranging from approximately (1 cm)
to (5 microns) in width can be imaged in a scanning mode using conventional
SEM techniques (magnification ranging from 20X to approximately 30,000X,
spatial resolution of 50 to 100 nm) . The SEM is also capable of performing
analyses of selected point locations on the sample, this approach is especially
useful in qualitatively or semi-quantitatively determining chemical compositions
[104] . The scanning electron microscope used in imaging the nanoparticles is a
VEGA//EasyProbe which is a favorable combination of a scanning electron
microscope and a fully integrated energy dispersive X-ray microanalyser

produced by TESCAN, s.r.0., LibuSina trida 21 SEM . vega 3 from Belgium .
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3.6 physical properties

A — Density

B — Porosity and water absorption
3.6.1 Density

The density of alumina was measured by (Archimedes Basis) by measure
the dry weight of pellets by sensitive balance and put it in water in container
and leaved it for (24 hour) , the soaked pellets weight was measured and then
measure the weight of sample when it suspended inside the water and the

equation below was applied to calculate the density and as the figure (3-2) .
Density = ( Wp)gm / (Ws —Wpgm................ (3-1)
3.6.2 Porosity and water absorption

The porosity was measured by measuring the (dry weight) of pellet with
sensitive balance and then a pellet was inserted in water for (24 hrs) to measure
the (soaked weight) and then the (suspended weight) measured and apply the

relation below to calculate the apparent porosity and as the figure (3-2) .
% AP = (Ws - Wp)gm x 100/ (Ws — Wpgm...... (3-2)

WA%=(Ws -Wp /Wp ) x100%......cccccccevuvernuneenn (3-3)
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Figure (3-2) Archimedes Basis
3.7. Mechanical test (Hardness )

Vickers hardness test is used to measure the hardness of samples , it
inserts a tool sutures (indenter) in several regions of the surface of the sample .
Hardness test a very small diamond indenter having pyramidal geometry is
forced into the surface of the specimen . The angle between the faceted (136°)

are calculated through the Vickers hardness as follows:

F
H=——=—— i 3-4
d2 /2 sinv(136°) (3-4)

F
V.H=1.854— ..o (3-5)

Where :
F : Represents the load hanging,

D: Represents the average impact of diameter.
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3.8. Electrical properties

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 1s Agilent impedance analyzer

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

e
2
5
-
e
]
5
:
!
5
-
-

Fig. (3-3) LCR Meter
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3.8.1 Electrical resistivity

The electrical resistivity was measured by computerized LCR meter, the
sample was put between the poles and make sure that the poles touch sample
surface. Electrical resistivity data have been recorded on computerys screen via

mathematic formulas studied previously eq(2-4) .
3.8.2 Electrical conductivity

The electrical conductivity was measured by computerized LCR meter,
the sample was put between the poles and make sure that the poles touch sample
surface. Electrical conductivity data have been recorded on computer s screen via

mathematic formulas studied previously eq(2-4)

3.8.3 Dielectric Constant

The dielectric constant was measured by computerized LCR meter, the
sample was put between the poles and make sure that the poles touch sample
surface. Dielectric constant data have been recorded on computer's screen via

mathematic formulas studied previously eq(2-14).

3.8.4 Dispersion Factor (Tangent Loss)

The Tangent Loss was measured by computerized LCR meter , the sample
was put between the poles and make sure that the poles touch sample surface.
Dispersion factor data have been recorded on computer s screen via mathematic

formulas studied previously .
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3.8.5 Dielectric Strength

The sample was put between two copper poles which are embedded in oil
to make sure of touching poles and sample surface and to overcome the transfer
of flashover then applying voltage through the sample and that see the
breakdown voltage. After knowing the area that breakdown happens which can
be distinguish according to the damage that occur because of the breakdown and

as the figure (3-6) .

Fig. (3-4) Dielectric strength instrument
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Chapter four results and discussion

4-1 Introduction

This chapter includes the results and discussions, study of the (X-ray
diffraction, scanning electron microscope (SEM), density, porosity, hardness,
dielectric constant, electrical conductivity, electrical resistivity , tangent loss and

breakdown voltage )

4-2 Structures Test
4-2-1 XRD pattern of (Al,O;) powder

The results of X-ray diffraction show that the material prepared at
(280°C) 1s gamma-alumina after comparison with international alumina card (
JCPDS) files No.(46. 1215) where the matching with the peaks (100) , (112) ,
(113) observed from the test it appears that the main stream of crystallization is
toward (113). The selecting range of temperature (280°-350°)C was after
preparing of some samples at a temperature less than (280°C) , which gives non-
completely reaction , also the samples prepared at a temperature more than

(350°C) results in undesirable materials . The XRD of alumina prepared at

(280°C) is shown in fig (4-1) .
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500 -
450 1 (113)
400 -
350 A
300 -

250 ~

intensity

200 ~

150 - )100)

100 - (112)

50 -

0

20°

Figure (4-1) XRD patterns of Al,O; prepared at 280 °C

We observed also that after heating the sample at 350°C , the peaks be more
matching with the same card ( JCPDS) files No.(46. 1215) by the planes of
(120) , (117) , (152), (335) , (046) , (113) , (123) ,which is defined as miller
indices and this mean that the high temperature lead to rearranging the atoms

and getting a good properties as in figure (4-2)
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Figure (4-2) XRD patterns of Al,O3 prepared at 350°C
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Table (4-1) the location of peaks in fig (4-1) and fig (4-2)

Sample 20 (degree) hkl
11.092 010
11.092 100
21.906 112
25.063 120
25.063 210
27.148 022
27.148 202
27.769 113
AI203 (JCPDS)  [34.101 123
34.101 213
57.478 117
57.478 226
61.434 152
61.660 512
63.540 335
67.196 046
67.251 406
10.924 (100),(010)
. [22.087 112
Al203 at280C" 5007 (022),(202)
27.842 113
25.160 (120),(210)
27.877 113
34.088 (123),(213)
ADO3 at 350c° | 57495 (117),(226)
61.503 (152),(512)
63.403 335
67.292 (046),(406)
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4-2-2 Particle size calculation from x-ray diffraction of Al,O;
From this study and by considering the peak at degrees, average particle

size has been estimated by using Debye-Scherrer formula using the more intense

peak .

(a) for sample prepared at (280 °C) :

D =14.8 nm

(b) for sample heated at (350 °C) :
D =20 nm

So the average particle sizes of the Al,O5 calcined at (280°C) and (350 °C)
are about (14.8) and (20 nm) respectively, which demonstrate that the average
particle sizes increased as the calcining temperature increased. During the
calcining the diffusion of particle to particle followed by the formation of grain
boundary and the closing of voids and neck growth proceeds rapidly but powder
particles remain discrete. The structure recrystallizes and particles diffuse into
each other. Isolated pores tend to become spheroidal and densification continues

at a much lower rate [105] .
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4-2-3 SEM of Al,O; powder prepared at 280 °C

The SEM images of the Al,O; sample prepared by precipitation methods
and calcined at (280°C) is shown in figure (4-3).

SEM HV: 5.0 kV WD: 4.86 mm ‘ R VEGA3 TESCAN

View field: 301 ym Det: SE ‘1 oonm
SEM MAG: 500 x |Date(m/d/y): 07/20/13 NanoLAB

Figure (4-3) SEM images of Al,O3; powders prepared at (280°C)

It can be observed that the powders are composed of non-agglomerated
and non- spherical particles, with the formation of soft agglomerates with
irregular morphology constituting the quite fine particles. The study of SEM
micrographs reveals a less number of pores with smaller lump size , also it

indicate the homogeneity of the prepared alumina , But when the sample is
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heated at (350°C) ,we observed increasing in grain size and decrease the
porosity because of agglomeration in the sample , also it observed that the
grain size which determined by SEM images as in fig (4-4) are closer to that

estimated by Debye — Scherrer formula [106] .

SEMHV:50kV | WD:1047mm | | VEGA3 TESCAN
View field: 301 pm | Det: SE
SEM MAG: 500 x |Date(m/dly): 07/20/13 NanoLAB

Figure (4-4) SEM images of Al,O3; powders prepared at (350°C)
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4-3 Physical properties
4-3-1 Density test

Calculation of alumina density at different temperatures. Experimentally,
density measurements are performed using Archimedes’ principle. The errors
associated with this method derive mainly from thermal, surface effects, pore
present and specimen size. Density of the samples is measured using distilled

water as fluid medium and the apparent density values are shown in table (4-2).

Table (4-2) apparent density values of alumina

Density for sample prepared at
280°C 350°C

1.692 g/lem’ | 1.841 g/em’

There is an increase in the density resulted from shrinkage of the pellets

with an increase of temperature, but the porosity shows otherwise [48].

4-3-2 Calculation of porosity
Table (4-3) porosity of alumina

porosity for sample prepared at

The data in table (4-3) clarify that the value of porosity varies between
(6.857%) and (2.068%) which is related to the particle size . Moreover, the
change in the porosity for all investigated samples is might be the difference in
the melting point of the oxides used, i.e. the melting point of Al,O3 (280 °C) is
lower than that of Al,O5; (350 °C). The difference in temperature used for each

method also lead to a change in the number of pores also the changes which is
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happened in the contiguous grain of powder after heating and contain changing
in the shape of pores this lead to increase the size of grain also decrease the rate

of pores and growth in the grain [48]

4-4 Mechanical test ( Hardness )

which is a measure of a material resistance to localized plastic deformation
(a small dent or a scratch). Early hardness tests are based on natural minerals
with a scale constructed on the ability of one material to scratch another that is
softer. Vickers hardness (V.H) is used to measure the hardness of samples [49].

The hardness of alumina is shown in table (4-4)

Table (4-4) Vickers hardness test of Al,Os; prepared at 280°C and 350°C

V.H V.H
Al,O5 at 280°C Al,O3 at 350°C

18 GPa 22 GPa

4.5. Electrical properties of alumina

4.5.1.The dielectric constant of alumina prepared at (280°C) and (350°C)

The dielectric constant have been computed for different frequencies in the
range of (50 Hz to 5x10° Hz) it is high at low frequencies and it decrease rapidly

with increasing of frequency as shown in the figure (4-5) for sample at (280°C) .
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Figure(4-5) dielectric constant dependent on frequency applied for sample calcined at
(280 C°)

A high value of dielectric constant is observed at lower frequencies which
later falls down rapidly with frequency increase. This behavior can be explained
on the basis that at lower frequencies there exist four different types of
polarization (i.e. electronic, ionic, dipolar and space charge) contributions take a
part in the dielectric constant, but at higher frequencies some of polarization

contributions relax out, result in the lowering of dielectric constant .

But when we burn the sample at (350°C) it observed that the dielectric
constant is decrease with increasing of temperature because of getting grain

growth which lead to decrease in the grain boundaries and this lead to decrease
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the electrical resistivity and this lead also to decrease in the dielectric constant as

shown in the figure(4-6) .

Dielectric constant

2.5

0.5

0 T T T T 1

0 1 2 3 4
frequency (HZx10°

(2}

Fig (4-6) dielectric constant dependent on frequency applied sample calcined at (350 C°)

The effect of interfacial polarization decreases as a result of the decrease
in porosity of the sample heated to (350 C°) , as the porosity value causes
increase in dielectric constant and tangent loss as shown in table (4-3) which

explain the decrease of porosity with temperature increasing [81] .
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4.5.2. Dielectric losses

The dielectric loss tangent (tan &) have been computed for different
frequencies in the range of (50 Hz to 5*10° Hz) and it is observed to be decrease
with increase in the frequency of the applied AC field. As in figure (4-7) for
sample at (280 C°) ,The values of tangent loss (tan 0) are high at low
frequencies and low at high frequencies. At higher frequencies, where the
resistivity is small and the grains are more effective in electrical conductivity , a
small amount of energy is required for the electrons to be exchanged between

ions located in the grains and thus the energy losses (tan 6 or €") are also low

[62].

0.35

o
AN

0.1

o
w

tangentloss

0.05

0 T T T T 1

0 1 2 3 4 5
frequency(Hz)x10°

Figure (4-7): the variation of tangent loses with frequency for sample calcined at
(280 C°)
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But when we heat the sample at (350°C) the tangent loss is decrease more than
at (280°C) this mean that the increase of temperature and frequency lead to

decrease in tangent loss as in figure (4-8) [62,75] .

0.35

0.3
0.25 i

N
0.15 \

0.1

tangent loss

0.05

Frequency Hz x10°

Figure (4-8): the variation of tangent loses with frequency at (350°C)
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4.5.3. Electrical conductivity

The electrical conductivity (o) of the samples was determined using LCR
meter The electrical conductivity have been computed for different frequencies
in the range of (50 Hz to 5*10° Hz) at different temperatures. It was observed
that the electrical conductivity increases with increase in frequency and this is
because of increase in mobility of electron and this lead to increase of electrical
conductivity. This variation is the same for all samples as in figure (4-9) for the

first sample at (280°C) .

electrical conductivity

6.00E-03
5.00E-03 /-

4.00E-03 /

3.00E-03 /

2.00E-03

1.00E-03 /

0.00E+00 . . . . .

1 2 3 4 5
frequency (Hz) x10°

Figure (4-9): the variation of electrical conductivity with frequency for sample heated at

(280 C°)
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But when we heat the sample to (350°C) and the electrical conductivity is
increased more than for sample prepared at (280°C) because the increase in

temperature decrease the grain boundary and this get growth in the crystal and

results and discussion

which lead to increase in electrical conductivity as in fig (4-10) [51] .

9.00E-03

8.00E-03

7.00E-03

electrical conductivity

6.00E-03

5.00E-03

4.00E-03

3.00E-03

2.00E-03 /
1.00E-03

0.00E+00 T

4 5
frequency (Hz) x108

Figure (4-10): the variation of electrical conductivity with frequency for sample heated

at (350 C°) and temperature
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4.5.4.Electrical resistivity

The electrical resistivity of the sample have been computed for different
frequencies in the range of (50 Hz to 5x10° Hz) and it is very high at low
frequency and decrease gradually with increasing the frequency as shown in the

figure (4-11) [52] for the sample at (280°C) .

electrical
resistivity
(Q-cm) x10?

0 T T T T 1

1 2 3 4 5
frequency (Hz) x10°

Figure (4-11): the variation of electrical resistivity with frequency for sample prepared
at (280 C°)

But when we burn the sample at (350°C) and the electrical resistivity is
decreased more than for sample prepared at (280°C) this mean that the increase
of temperature and frequency lead to increase in mobility which lead to decrease
in the grain boundary and after that it get growth in crystal which lead to

decrease in the resistivity and as in figure (4-12) [55] .

78



Chapter four results and discussion

8

electrical 5
resistivity
(Q-cm)x10?

1 2 3 4 5
frequency x10° (HZ)

Figure (4-12): the variation of electrical resistivity with frequency for sample prepared

at (350 C°)
4.5.5. Dielectric strength

The dielectric strength of the samples are measured at (5 kV/mm) it is
observed a decrease in value of dielectric strength with increase in temperature

as in table (4-5)

Table (4-5) Dielectric strength of alumina [62,93] .

Dielectric Dielectric

strength for || strength for

sample sample

calcined at | calcined

280°C at 350°C
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4.6. Conclusions

1- Sol — gel method is a very good method for synthesis ( y- alumina ) with nano

size particle .

2- The particle size of alumina increases with the increase in temperature in

addition to the density whereas the porosity show the otherwise .
3- The hardness of alumina increases with the increase of temperature .

4- - The dielectric constant of alumina decreases with the increase of frequency,
and decreases with the increase of temperature which makes it useful in

insulator application for both lower and higher frequencies .

5- The tangent loss of alumina decreases with the increases of frequency,
also decreases with the increase of temperature , so that it can be used in

dielectrics.

6- The electrical resistivity of alumina decreases with the increases of frequency,
and decreases with the increase of temperature , so that it can be used in

electrical high frequency applications .

7- The electrical conductivity of alumina increases with the increases of

frequency, also it increases with the increase of temperature .

8- The dielectric strength of alumina decrease with the increases of temperature .

4.7.Future work

1-The use of other techniques to prepare (y- Alumina) with different nano-forms
and studying its physical properties .

2- Sintering of alumina(y ,0 , B) after (1100) °C to convert to a-phase which is
more stable phase for knowing its functional characteristic .

3- preparing of our prepared alumina composite for the use of high voltage

electricity transformation .
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