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Abstract

This study was carried out to prepare a porcelamptes, which can
be used as an electrical insulator. The raw na$erused for the
preparation are kaolin Duakhla, Arudhma Sand géesk Potash feldspar
with weight percentage (45%, 30%, 25%) respectivebp chemical
treatment was performed on kaolin Duakhla, Arudh&and glass to
remove all the impurities. The effect of the wasgjhiby HCI acid (chemical
treatment) was examined by IR Tech.
The study divided into seven groups. Relatingh® concentration of
electrolyte solution which is consisting of (Nag& NaSiO;) as a ratio
(2:1), and for fixed percentage of mineralizer (2%Y. The concentrations
of electrolyte which were added to these groups (&%, 0.7%, 0.5%,
0.2%, and 0.1%). Samples of each group have besyamd, and then
each sample was pressed, then after that theselesamge dried and
sintered for different temperatures (1250, 130G01XC). Dielectric
measurement (Dielectric Constant& Dielectric lasgex) were carried out
for these pressed samples, also Physical propé&rtiresmal conductivity”
and mechanical properties “Compression strengthieweeasured for these
samples. The results of these measurements f@isasintered at 1350
are found to have a stable change at the range(Q(@%) of concentration
of electrolyte solution. While there is a changethe results of thermal
conductivity in the concentration range (0.2-0.5%oglectrolyte solution.
And the values of compression strength is foundoéohigh at 0.5%
concentration of electrolyte solution. Therefore stuld select the best
concentration of electrolyte solution, to get thimum properties which
would agree with practical results and the stashdaoperties for the
attentive in other countries of the world. Theanaegarde the (0.2%)
concentration of electrolyte solution is the optrmualue that can be used

in the industry of the electrical insulators.
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List of symbols
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A Cross section area.

A Original cross—section area of the sample.
C Capacitance of capacitor in medium.

da Parallel plate capacitor distance

ds Sample thickness.

Dy Dielectric displacement.

DLVO (Derjaguin—Landau—Verwey—Overbeek) theory.
dT The temperature gradient through the conductiv
dx

e Emitted energy
é|j Unit vector directed from i to j.
E Microscopic field intensity at position i.
E Electric field in the medium.
E External electric field.
EDL Electric double layer.
F Normal forces.
F Electrostatic force on chargeaj distance;r
I The ionic strength.
IR Infrared radiation.
" Thickness of electrical double layer is kno
Debye length.
K The thermal conductivity.
Molar concentration
M; Percentage of solution before dilution.




the

M; Percentage of solution after dilution.
Na,CO; Sodium Carbonate.
Na,SiO; Sodium Silicate.
P Polarization.
PVA Polyvinyl Al-cohol.
q Heat flux or heat flow.
Gj Charge g in position i.
q; Charge q in position j.
rq Sample radius.
b Distance at position i from origin.
r‘ij Vector directed fromito j
R The resistance of condenser filled with
dielectric.
Ro Resistance of the material.
Vi Volume of solution before dilution.
V Volume of solution after dilution.
XRD X — Ray Diffraction.
Z Valance number.
Zn0O Zinc Oxide.
ZP Zeta Potential .
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Dielectric Constant of the medium(permittivity)

& Dielectric constant of vacuum(vacuum permittivity
g Relative dielectric constant
K" Dielectric loss indexK" =&"/ &,)
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taro Loss angle
O Microscopic potential
Pc Charge density
o Compression strength

Stern Layer

Vi
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Chapter One
I ntroduction & Theoretical Part

1.1 Introduction

Ceramics display a variety of useful electrical antgnetic
properties, and it is one of the important eleafrimsulators[1]. An
insulator may be defined as a device for physicalypporting and
electrically isolating a conductor or other pieéelectrical equipment].
In the last forty years a great deal of assessimenbeen carried out in the
manufacturing of electrical insulators. Bauer &hdtz [3] discussed the
future needs for porcelain insulators. Signer amd)&§ [4], Budnikov[5]
classified the ceramic materials for the electrindustry and their general
properties.

Dielectric materials posse a large energy gawdxst valance and
conduction bands; these materials have a hightinais Two important
applications for ceramics materials which includeceical insulators and
capacitors. Insulators, simply used to preventdharge transfer in an
electric circuit, but used to store electric chasgeh as capacitof$].

Ceramic insulators (more commonly, porcelain inu)aoccupy
vital area of these field; porcelain is the malewdich was made of
mixture of various white — burning clays and fluxassuch nature and in
such properties as will produce a dense and vitimdy. Porcelain is
classified in two types:-

(1)True or hard porcelain, it is made of kaolimptflor quartz and fluxes.
Hard porcelain has high thermal shock resistanopasties, where their
properties made suitable for electrical industrynasilator.

(2)Soft porcelain; which is consist chiefly of a complex glass and may

contain very little clay6].



Electrical porcelainsare chiefly used in insulators and other partdef t

electrical applications at ultra high frequenciespecialized problems of
direct current; from lowest to highest volta@e 6]. In order to establish
and maintain high insulating characteristics, placemust be thoroughly
vitrified and it may be designed for high strendtigh voltage application;
high frequency?].

1.2 Dielectric Properties
1.2.1 Dielectric Constant

The capacitance of the parallel plate capacitah distance (da) and

Cross — section area A, in vaculim8] is given by:

C. =&, (Alda) (1)

Where &, is the vacuum permittivity. When a dielectric nmiakreplaces

the vacuum between the parallel capacitors, themdipacitance is

C=¢Alday e (1-2)
Where £ is the permittivity of the material. Normally trebility of

material to polarize and store electrical chargelescribed by relative
permittivity (dielectric constant}, which may defined as the permittivity
of the material to the vacuum permittivity i.e.:

g=¢le, e (1-3)

By substitution of equation (1-2) in equation (3-8 dielectric constant
Is given in the relation
g=We)[(darmHC e {1-4)



Where C is the measured value for the charge dajpae of the material.
The dielectric constant of ceramic samples is &f#dy changes in its
composition, manufacturing technique and porosgtyw&ll as by testing
factors including the effect of temperature andage frequency.

For many isolated charged particles, the force espeed by a

charge located at a positiorrelative to other charges, is defined[B)

d; &
F=gqX > e (1-5)
Where Fis the electrostatic force on charqeat distanceri from a suitable

origin when other chargeg; are at distance. , €. being a unit vector
j Gj» Sj

directed fromi to | [10].

Microscopic field intensityg, positioni can be then be define by

and it is derivable from a microscopic potentglby

E =-grag®, e (1-7a)
%=zt e (1-7h)
1)
The notation gridindicates differentiation at the pointi. For ngasharges
close together, it is more convenient to deal wiiarge densitg. instead
of the individual point chargepg, is equal to the sum of individual charges

in a small element volume dYR] By equality definition



Where Dd is the dielectric displacemen£is the electric field in the
medium, which is defined ak =[E, —(P/&,)] and P is the polarization

[11]. Equation (1-8) describes the macroscopic behaviterms of three
vector quantities[12]; the dielectric displacement D, field E, and
polarization P, the dielectric displacement desxithe extent to which the
dielectric field has been altered by the preserfichebectric. The constant
Is a measure of the ability of material to storarge relative to vacuum

and is a characteristic material propdtg, 14, 15]

1.2.2 Dielectric loss Index

Firstly the above term is agreed upon internatignavhile in the
U.S.A., it is formally called the loss factd4]. The dielectric loss index is
defined as the magnitude of imaginary part of nredatcomplex
permittivity. The representations of the altemgtielectric field and
dielectric displacement in complex notati@y 16] is given by:

E=Eexp.(ot)y e (1-9)

Dg=Do exp.i @t-5) ---—(1-10)

As the electric field (E) is caused to vary withné, E and R are no longer
necessarily in phase, and for sinusoidal fieldsrapdex dielectric constant,

K*, can be employed in this equation:-

=¢e E e (1-11)

Then equation (1-11) become

*

=K E e (1-12)



Where K=k'—ik"=%_ =1/&.(c' ~ie")

o

, C
k-=k —ik'="=1/e,(¢'-€")

(e]

Dividing equation (1-10) by (1-9) and then by siifingdtion, one gets

n

tans = t— S — —(1-13)

!

&

Where tard is a loss tangent. This phase shift correspondinte lag
between an applied voltage and induced currentglwbause loss current
and energy dissipation in circuits which do notuieg charge carrier
migration[16].

The loss index, in terms of electrical conductiyitg] can be written as

c=a&" =ag'taro e (1-14)
Since K"=£ K’ S —— (1-15)
&Eo E

o

n

&
&

Its follows that K"="—=0g/awe, = —omemeeeee- €16)

o

By substitution ¢ =1/p ; Rp =p[( dg /A).and by substitution, then

K'=[(UR ae)d /Al e (1-17)

Where R is the measured value for the material resistaleg. A

theoretically perfect insulator would throw curreahd voltage wave



entirely out of phase, in which case the phaseeghgwould be 96, for

actual insulator the phase angle is some whathess90. Energy losses in
dielectrics result an Electronic polarization occueasily even at
frequencies as high as #8z. Since no rearrangement of atoms is
necessary. The ion vibration and deformation ®dsmeome important in
the infrared but are not a major concern for frewies below about 10
Hz. The far aspect the major factor affectingtbe using of ceramic
materials is the ion migration losses which tendirorease at low
frequencies and as the temperature raised. Howeaterials that rely no
molecular polarization are very sensitive to frattye since entire atoms or

groups of atoms must be rearranggbr’].

1.3Physical Properties

1.3.1 Thermal conductivity

Thermal conduction is the phenomenon by which eetinsported
from high—to low temperature regions of substahtether word, it can be
characterized the ability of material for heat sfa@n from one point to other

Is the thermal conductivity. It is best definedenms of expressiofi8]

q=« T (1-18)
dx

Where q denotes the heat flux or heat flow, pet time per unit

area (area being taken as that perpendicular tbawedirection),K is the

thermal conductivity coefficient,flj—T Is the temperature gradient through
X

the conductivity mediurfiL8]. Thermal conductivity is a property which is,
as yet not fully explained on the basis of thecsmdtireasons. Debye

considers that the atomic or ionic groups with iergstal act as oscillators



or vibrators and if these frequencies corresportidse of thermal waves,
conduction will be proceed. On this basis, highjynmetrical crystals

where the vibrations are harmonic will be bettendwectors of heat than
those which are disordered or contain many typebooid. Whilst this

simple concept applies in general terms, therenmry discrepancies in
experimental finding which suggest that other fesctre involved.

The main factors to be considered in connectiorn thie rate of
passage of heat transfer through ceramic mateaiads - the chemical
composition of the material used, its previous hesgtitment, the texture or
physical condition of the material, the porositytled material and the sizes
and distribution of the pores, and the temperastine@hich the material is
used or tested. The influence of texture and ptyrosay be considered
together, as the principle effect on the thermaildeativity is due to the
relation between the amount of solid and air whieh heat has traverse in
passing through the material. As air is a muchebehsulator than any
solid material, the larger the proportion of the #ie greater will be
thermal insulating power of the material. Hencdina—grained, close —
textured material has a much greater thermal cdnaycthan one with a
coarser open texture. The relation between insiglggower and texture or
porosity cannot, however, be expressed in very lsin@rms, as it is
modified by (a) temperature,(b)the size, (c)thepshaf the pores or
interstices, and (d) the position of the interdicelative to each other and
the solid mattd6].



1.3.2 Measurements of Thermal Conductivity

The less disc is a useful method for measuremehtthermal
conductivity for the prepared samples of our sty#l9]. Where the
unknown sample is usually sandwiched between tvereace discs of
known conductivity and the temperature differenaesoss each of disks
are determined. The less disc schematic diagraepresented in fig. (1-1)
was used in measuring the thermal conductizé}.

This method was used for measuring the thermal wcthdty of the
samples produced in this study. Sample of 27mmeliar was inserted
the two discs A and B with equal diametgj(d The heat supplied from
heating coil built in disc inserted between C and Bie supplied current
(I) was constant for all measurements and its valag 0.25A, and voltage
was 6 volts. The temperature of disc A, B, which gepresented by,T
and g measured iRC. Then the thermal conductivity of testing saniple
calculated by this equatidtl]:

K=e [Ta+ (2/1g) (da+dy/2) Ta+dsTe/rg /(Tg — Ta/ds)  ------ (1-20)
Where j is the sample radius (mm)

@ is the sample thickness (mm)

e is the emitted energy (V/fiC)

9 °
Electronic
Brass “---*-

ample
Brass P

e

Figure (1 — 1) Less disc (Ref.20)
8



1.4Mechanical Properties

Compressive Strength

The mechanical behavior of materials desdribg their mechanical
properties; these tests are designed to repredéstedt type of loading
condition[1]. Ceramics have comparable tensile and compressiegth
[21], in this work we will study compressive strength pedy. If a force,
F, applied to the cross section area of a bar Aphtain normalized term
called the stress, thi{22]

o= (1-21)

A

Wherec is Compression strength in (MPa).

A, is the original cross—section of the sample in (m)

F is the normal force in (N).

1.5Infrared Analysis:
Infrared spectroscopy can be describedeasgk of instrumentation in

measuring a physical property of matter, and thelating the data to
chemical composition.  The instruments used ardedalinfrared
spectrophotometers and physical property meassrdteiability of matter
to absorb, transmitted, or reflect infrared radiaf23]. The basic principle
of infrared instruments is to measure the vibrai@pectrum of a sample
by passing infrared radiation through it, that wamagths have been
absorbed and what extent. Since the amount ofggnaipsorbed is a
function of the number of molecules present. Towree of infrared may
be a glowing filament or hot silicon carbide rodth of which emit
radiation over a wide range of frequency. Theardd beam passes
through a collimator to the specimen which showddrbthe form of a thin

film. The transmitted rays then pass through desysof mirrors on the



rock salt prism, which can be rotated, so varyfteguency of radiation
received on the detect{8].
The analysis for these spectrums was carried ourgu$swo

frequency regions. The details are as following:

1 —Wave number between 3500 and 3700 ¢

Ruswell and Dudenbost§24] first showed that absorption in this
range is due to hydroxyl group (O-H). In the stuwetof dioctahedral
minerals, each pair of aluminum ions shares twordwy groups, which
are related by a center of symmetry between theialum ions. Sarasota
[25] through that the absorption frequency of (O—H)dsodepends on the
degree of association of these groups. M[k&] concluded that the bonds
at 3718 and 3677 cmfor kaolin are due to stretching vibrations of
relatively unassociated (O—H) groups, i.e due tdréwyyle groups nearly
free of hydrogen bounding to the other atoms.

In general, the layer—silicate structural OH grougsat are
comparatively slightly show absorption of high fueqcies of 3600 to
3700 cm', where as the absorbed water shows absorptionowt |
frequencies 3400 ¢ and another band 1640 ¢morresponding to the
deformation vibration of watf7].

2 Wave number between 1500 and 600 ¢

The position and sharpness of the perpendiculaatidn varied with
physical state; thus in the spectra of kaolin ofi¢acrystal size, the node
appears as a broad shoulder near (108d)[2 28] The band intensities
and shift to higher frequencies in the spectramélier crystals until in
very finely ground material the band is at 1109 cemaller but distinct
shifts in frequency, together with sharpening artdnsification of bands as

particle size decreasgkl].
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1.6Process Parameters
1.6.1 Mixing

The mechanism of mixing is influenced by many festeuch as the
shape and size of the mixing vessel, the physiocgpgrties of the solid
particle and the operating conditiof29,30] Mixing, an important
operation in chemical process industries can b&levinto five areas: —
liquid—solid dispersion, gas—liquid dispersionuid-liquid dispersion, the
blending of miscible liquids, and the productionfloid motion. Mixing
performance is evaluated by two criteria, the fissphysical uniformity,
l.e., a physical relation ship required in termssamples of uniformity in
various parts of mixing vessel, the other critei®based on mass transfer
or chemical reaction. The elements of mixer designthe process design
fluid mechanics of impellers, impeller power chaegistics—relate impeller

power, mechanical design shafts and drive assej28]y

1.6.2Drying

Drying can be defined as the removal of water frangranular
material by evaporatiof81]. This process involves both the transfer of
heat from the surrounding envirment to the solidkewaystem and the
simultaneous transfer of water vapor in the reveisection[32]. Drying
is accomplices by shrinkage, which tends to brimg particles so close
together that attractive forces become so stroag whater can no longer
penetrate between them, the wetting and modergtegdifrequently tend
to increase the plastic properties of clay ming8a]. Fig. (1-2) represents
the drying behavior expressed in terms of the dryrate versus the

moisture content percentaf].

11
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Figure (1-2). Rate of drying curve [34].

On such a curve three periods can be distinguighedfirst: — The
constant rate period, during which the rate of evaon is independent of
moisture content. The second is the first fillingter period, during which
the rate of drying is very often a linear functiohthe moisture content,
and the third is the second filling—rate periodilma curvilinear relation
between rate of drying and moisture content. Thestamt—rate period and
the first falling—rate period ends are termed th& fatnd second moisture

content respective]g4].
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1.6.3 Shrinkage

Shrinkage on drying is profound concern to the citme clay
products industry. Since clay minerals are resiptagor shrinkage, the
amounts percentage and their particles sizes detertme shrinkage
potential; then, the amount of water present in fiastic clay is
proportional to, but not equal to shrinkage. Difatial shrinkages set up
stresses during drying that can cause warping eamking of the sample.
Variations in moisture content in the piece aregyéfy responsible for
shrinkage differences from one part of the bodgrther. Another unique
feature of clays is increased in the strength gy the shear strength of
clay bodies increases from the plastic strength neaximum when all the
absorbed water is removed.

During drying, large dimensional changes occuigaq1-3) Most of
the shrinkage occurs during the initial stagesrging) as the inter particle
water evaporates; the temperature and humiditycarefully controlled

during drying to minimize stress, distortion, oacking[1].

)

-
=
>

——
Decreasing
pore water

Percent water

Figure (1-3). The change in the volume of ceramic bodheas
moisture is removed during drying [1].
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Other factors also influence shrinkage, one of @hés body
thickness; non uniform shrinkage and defect foramatiare more
pronounced in thick pieces than in thin ones. Wedatent of the formed
body is also critical; the greater the water contdre more extensive the
shrinkage. Consequently, the water content isnardy kept as low as
possible. Clay particle size also has an influeshenkage is enhanced as
the particle size decrease, to minimize shrinkdige,size of the particle
may be increased, or nonplastic material havingtikaly large particles
may be added to the clg¥8]. The value of linear firing shrinkage is, in
the percent of shrinkage, due to variations indize and shape of sample
particles, linear shrinkage is approximately projpoal to the inverse of
the particle radius but is not greatly affectedshntering timg35].

Size distribution is important in practical systermere shrinkage is
to be minimized. Mostly large particles and suffitly small particles to
fill in the interstices will give a particle comgaaf highest green density.
The linear firing shrinkage also varies with compos and tends to
increase as fluxing components increase with tloelymtion of relatively
more glassy material and less—high—temperaturdatiiye phases during
the firing[34,36]

1.6.4 Sintering &Firing

Sintering is common term for the process by whidtlight ( non—
densification ) or large (densification ) reductionpore volume occurs
when heating a powder compact to temperatures ttoseelting[37].The
process has been recognized as a very complicatetutien of
microstructure through the action of several ddfer transport
mechanisms. The most general concept of sintersaghée interface
elimination process, i.e. the particles sinter tbgeby atomic motions that

act to eliminate the high surface energy associatgld an unsintered

14



powder, therefore, during the process the tota #eergy of the system
would decrease.

As important step in production of most ceramicduats in firing,
where the purpose is to agglomerate particles nmiss by sintering, the
sintering operation brings about several significehanges in ceramic
product—

(1) the total surface area is reduced.
(2) the bulk volume is reduced
(3) the strength is increased.

The dimensional changes which occur during firing gust as
important as those which occur during drying; intfgprobably more so,
because shrinkage take place in almost all aggrdgadaterials during
firing [21]. During firing, the rigidity and strength of cermmincrease
firing or sintering, cause additional shrinkagetlod ceramic body as the
pore size between the particles is reduced. We oargrol four features
of the final sintered microstructure—grain sizerepeize, pore shape, and
amount of a glass.

During sintering, ion first diffuses along grain urmlaries and
surfaces to the points of contact between partigesviding bridging and
concenection of the individual grains. Furtherigraoundary diffusion
closes the pores and increases the density, wiglgopbres become more
rounded. Firing initial particle size and highemiperatures accelerated the
rate of pore shrinkage, when the pores become abl #rat they no longer

pin the grain boundary, grain growth occurs as(fig4)[1].

15
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Figure (1-4). During sintering, diffusion produces bridgbstween the

particles and event causes the pores to be fillin].

1.7 Raw Materials
1.7.1 Kaolin

The term kaolin is coming from the Chinesardvkaoliang (meaning
“high ridge “ ), from which the clay originally ca{38]. The kaolin’s
groups are koalinite, nacrite, dickite and halltysi Their basic structure
consist of oxygen atoms arranged to give alterteaters of tetrahedral
holes and octahedral holes. Where these layer§llade with silicon in
tetrahedral holes and aluminum in two—third of dlstahedral ones we get
the common mineral kaolinite, and more perfect erdr minerals dickite
and nacrite. The structure applies equally totladl members of kaolin
group; the distribution feature in the way in whtble units are stacked one
upon anothgil]. This would give theoretical composition of 39.8
%Al,03 46.3 %SiQ, and 13.9% kD. [38].
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1.7.2 Silica

The silicate structures are based on theastletrahedron. Silica
tetrahedral, Si®,, Behave as ionic group; the oxygen ions at thaarsrof
the tetrahedral are attached to other ions or igneups to satisfy the
change balancfl]. When all four corners of the tetrahedral arerestha
silica, or SiQ is produced, as the temperature increases, siheages
from a—quartz top— quartz top—tridymite top—cristobalite to liquid. The
pressure—temperature equilibrium diagram in fig:6)1shows the stable

forms of silica.

B — tridymite 1470°C

_ cristobalite1713°C

|

_
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I
/5

Temperature’C)

Figure (1-5). The pressure — temperature phase diagrar®ifos[1].
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The transformation fronu — quartz top — quartz is a displactive
transformation. the quartz rapidly changes crystalcture by slight
distortion of the lattice involving second or fugthnearest neighbors.
Similar transformations occur between differentnferof tridymite and
cristoblite. The transition betwedh — quartz andp - tridymite and
betweenf - tridymite and p-cristobalite are reconstructive ather than
displacive. A reconstructive transformation regsithat bonds between
the atoms be broken and reestablished to produg@achange in crystal

structure[1].

1.7.3 Feldspar

The most common constituents of igneous rock faonatare the
feldspars. These important minerals are used dax&psin the
manufacture of porcelain]. Feldspars are used in the fine ceramic
industry as a flux to form a glassy phase in boftigs
There are two clearly — defined groups:-

(1)Based on orthoclase KAKR);, orthoclase was used in general as
K — feldspar with monoclinic optical propertigs—39]

(2)Termed the plagioclase group, which are solitutsn of albite,
NaAlSi;Og, and anorthite, Cah$i,Os; celsian BaAISi,Og, which is not of
common occurrence, is similar to orthoclase.

The structure of all feldspars is based on fram&wafr oxygen—
silicon tetrahedrons sharing four corners, therepacement of silicon by
aluminum ions, however which results in charge-aieficies, balanced by
cations of K, Na’, or C&" entering the lattice. The relative ionic radii of
these cations are 1.33,20.98A° and 1.06 A respectively, the structure
varies with the cation. The feldspar minerals veithall Nd& and C&" are

considered as a “collapsed “ structure and thus E@Eme symmetry to
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make them triclinic, on the other hand, thé Kninerals are generally

monoclinic[2— 6]

1.7.4 Zinc Oxide "ZnO"

Zinc is valuable auxiliary flax in glazesirfig up to about 105€C. At
higher temperatures it is too active in reducirg\tscosity. It reduces the
coefficient of thermal expansions and improvesdhemical durability of
some compositions. Zinc oxide is usually produlbgdlirect oxidation of
zinc metal or high zinc alloy, calcined zinc oxideoften used where there
Is a need to minimize shrinkage during drying amohg [40]. So may
additive more used a mineralized, only ZnO causesrsiderable action

on the mullite contert].

1.7.5 Binder

The selection and application of organicirmrganic binder can be
classified as the second most critical factor endhy pressing process. The
term “binders” loosely covers all pressing aidshsas binder’s lubricants,
plasticizers and deflocculatg$l]. The binders are dissolved molecularly
in water or an organic solvent or are dispersddjind as an “emulsion *“.
The liquid phase is important for uniformly dispags the binder
throughout the particulate.

Polyvinyl Al-cohol (PVA) binder has stableseosity to improve the
forming behavior of powder. The behavior of aggloates depends on the
type, quantity, and properties of the binders, Whiproduce soft
agglomerate, PVA does not ionize, but with incnegsioncentration and
raising viscosity. Low molecular weight PVA dissetvrmore readily, but
considerable stirring is necessary with higher maler weight polymers to

complete the dissolutiod?2].
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1.7.6 Sodium Carbonate"NaCO3"

Sodium Carbonate is a white, crystalline Apgiroscopic powder with
a purity of > 98%. Sodium Carbonate has meltingnpaif 851 °C, it
decomposes when heated at temperature greated®@EiC, and sodium
carbonate is a strong alkaline compound with pH106 for 0.1 M aqueous
solution[43]. Tensile strength and elasticity are decreaseithe content
of soda increase of sodium although to a lesseredeitpan with the other
alkalis. Small increases of sodium oxide in a glaall increase the
coefficient of thermal expansion and reduce thdirspfpoint with rapid

and noticeable consequences to the glaze bo0lit

1.6.7 Sodium Silicate "NaSiOy"

This is a widely used reagent, particulanlyonjunction with sodium
carbonate. Sodium silicate is inorganic harderfexge an efficient binding
action but have significant side effects on otlhewotogical properties (such

as deflocculation[40].

1.8 Aim of Thesis:-

One of additives, which are used in the poedof porcelain bodies is

the electrolyte solution. Most of the previous $tsdin this field did not
give the exact values of these additives moredweas not examined with
local materials. Therefore this study was carreed to optimize the
required weight percentage (wt %) of these addititee be applicable to
porcelain body, which is prepared from Iraqi clagsbe used an electrical
insulators. This can be done by investigating tifeceof using electrolyte
solution with following concentration (1%,07%,0.5%.2%,0.1%) with
fixed percentage of mineralizer material (2%Zn@)nd by studying the

electrical properties(dielectric constant & dietextloss index),for two
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sintering temperature (130, 1350°C) and study Physical properties
(Thermal conductivity),and Mechanical propertiesif@pression strength)
using three sintering temperatures(125.300C, 1350°C), and select the

best concentration of electrolyte solution usingeilectrical insulators
industry.
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Chapter Two
Electrolyte Solution

2.1 Introduction

Electrolytes are class of solid solutions that bithspecial behavior
compared to non—electrolytes. The distinction emidboth because
electrolytes dissociate upon dissolution and bexahs ions produced
interact through much large distances than unclkasgéution§44]. It is
well known that many substances— inorganic salgairicular—dissociate
to form ions in aqueous solutions. The most diexitlence of this is the
large electrical conductivity of such solution;fact, the solution are called
electrolytes because they conduct electricity tgddb].

When finely ground material is dispersed in watkeré is an
adsorption of ions on the surface of the constityeamticles, one type of
ion (either positive or negative) attaching itdelfthe solid and the other,
counter ion, free in water yet held in close pragnby attraction. As a

consequence the solid particles become chgafdd

2.2 Clay—Electrolyte System:

Clay minerals are the main component of suspenadlatirsaterial in
natural waters, responsible for the transport afrganic and organic
contaminants. Electrolytes, dissolved and patiteubrganic matter, and
inorganic particulates, comprised of clays, quarézbonates, and a variety
of metal oxides (most frequently Al, Fe and N#7].

A colloidal solution may be defined in general teras a suspension
of particles in liquid, where the grain size of gw@id is so small that they
will not settle; yet at the same time they canretdgarded as being in true
solution. Various forces act on colloidal part&ckuspended in a medium,

and these determine the behavior of slips andistuwhich are essentially
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fine—particles suspensions, like Van der Waal fer€aravitational forces,
thermal movement and Colloidal particles. Collbigarticles when

suspended in water are charged and are surrourydadMater shell. The
molecules of water within this shell are rigidlyldhéy particle and have a
different character and properties from those ia tBmainder of the
dispersion mediurf6].

The DLVO (Derjaguin—Landau—Verwey—Overbeek) thedas]
explains the stability of colloids by looking atawpposing forces acting
upon colloidal particles. These two forces are eletrostatic repulsion
explained by the double layer model and the Vanwiaals forces which
are weak attractive forces between particles. Theory explains the
tendency of colloids to agglomerate or to remainairstable state of
dispersion by combining the two forces. The né&raction effect, shown
in fig. (2—-1) is the result of the subtraction bétattraction force from the
repulsion force. If the net value is positive aulspn effect will be
observed. In this figure it can be observed howijnayeasing the natural
Zeta Potential (ZP), the natural ZP typically foundcolloids in aqueous
suspension ranges from — 14 mV to —30 mV. At nggatharge values
higher than —30mV enough repulsion occurs to favatable dispersion.
The more negative the charge value, the strongedidpersion effect. For
values ranging between — 45mV and —70mV stablestsspns are assured.
As the ZP approaches zero, the repulsion effeldsisand agglomeration
begins. For values ranging from -10 mV to —-15 mM\theeshold of
agglomeration is observed, and from values betwdemV to +5 mV

strong agglomeration occuf48].

23



Low Feta Potential Condition

L

Flectrostatic repulsion force

Ddistance
et inferaction eineTy

Attractive Energy | Repulsive Energy

Y

High Zeta Potential Condition

-

Electrastaric repalsion force

Net fnferaction emergy
o [Mistance

Repulsive Energy

Aftraciive Energy

|

Figure 2 —1) Net Interaction Energies at low and high Zetdential [48].

When a sol is colloidally unstable, the formationaggregates is
called coagulation or flocculation. These terms asften used
interchangeably, but some authors prefer to inttedudistinction between
coagulation, implying the formation of compact asgates, leading to the

macroscopic separation of a coagulum; and flocmratimplying the
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formation of a loose or open network which may aaynmot separate
macroscopically. In many contexts the loose stmectormed in this way
is called a floc. The reversal of coagulation twcdculation, i.e. the
dispersion of aggregates to form a colloidal stabigpension or emulsion,
is called deflocculation. The rate of aggregai®m general determined
by the frequency of collisions and the probabildly cohesion during
collision [49]. The deflocculating electrolyte increases thectedstatic

forces of repulsion on receptive particles so tklay move apart
flocculating salts have the opposite effect. FHagticles no longer repel

each other but aggregate into fl¢46].

The salt concentration is so high that aggregatedonger are
Brownian, and sediment, giving a clay—water "phasgaration”. The
sedimentation is the settling of suspended pasticleder the action of
gravity. If the concentration of particles is highd interparticle forces are
strong enough, the process of sedimentation maletier described as
compaction of the particle structure with pressmg of the liquid. This
particular kind of settling is also called subsiden Sediment is the highly
concentrated suspension which may be formed bysd¢ld@anentation of a
dilute suspensiof49]. Sedimentation level at given clay concentration
decreases as the electrolyte concentration isaserk as the DLVO theory
suggest$50].
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2.3 Electrical double layer:

When a charged colloidal particle is immersed in e@ctrolyte
solution, it is surrounded by counterions—i.e.; kroas of opposite sign—to
balance the surface charge. The charged collsuldfce along with the
neutralizing diffuse layer of counterions is ofterfierred to as the electric
double layer EDL, which plays an important role nmany aspects of
interfacial phenomeni®1].

The double layer theory model explains the repel$orces between
colloids. It is focused on the effect that the rnegdy charged colloids
have over the positive ions in the bulk solutioheTpositive ions
(counterions) form a firmly attached layer around surface of the colloid
known as the Stern Laye®(. Additional positive ions attracted by the
negatively charged colloidal particle face a rejusforce from the
counter-ions attached on the Stern layer as wellyasther counter-ions
approaching the colloid. The density of this layjarpwn as the diffuse
layer, gradually decreases with distance from timical particle, until it
reaches equilibrium with the rest of the ions ia solution. It is the diffuse
layer surrounding the colloid that creates the nfiasteaching repulsive
force between colloidal particles; the higher teagity of the diffuse layer,
the greater the distance over which these repulsiorces are
significan{52] as fig .(2—2), K is the thickness of electricabtdte layer is
known Debye length, this Debye length is also daflescreening length as
it gives an estimate at what distance away fromstinéace the surfaces
charges are screened by the diffuse counteriom.lallee magnitude of the
Debye length depends exclusively on the propedidise liquid and not on
any property of the surfadé3]. The electrical double layer is formed at
interfaces of charged objects and electrolyte swistcomposed of ions
and solvent molecules. The ions with the chargiefopposite sign than

the charged object (counterions) are accumulatedecto the charged
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object, while the ions with the charge of the sasign as the charged
object, (cations) are depleted from the vicinitytieg chargedb3].

Particle surface
Stern plane
Surface of shear

+ Diffuse laye

Stern layer

Potentia

<
i

» Distance

Figure (2—2). Schematic presentation of the disifion of dissociated

charges expanding into the liquid phase [51].
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2.4 Swelling:

The swelling of clays can be discussed in terms pafticle
interaction. Two stages of swelling should be idggiished. The first
stage, up to four monolayer of water penetrate éetwayers of expanding
clay, or between flat surfaces of adjoining paetclin the parting of the
surfaces, three forces are operative—the van dealsMattraction, the
electrostatic interaction of charged surfaces aties, and the adsorption
energy of the water.

From the net interaction energies, the forces dpgyan the stage of
swelling are derived to be of the order of a feaudand atmospheres for
the entrance of the first monolayer of water. Téreds decline rapidly with
the entrance successive water layers. In the destage of the swelling
process in which the plates are separated to dissdarger than equivalent
with the thickness of four layers of waters, theelwg is now governed by
double layer repulsion, which is identical with ttesmotic pressure” of
the systerfb4]. Seen that these micropores vary in shape andvathe
changes in chemical potential and electrolyte tyfiee electrolyte type
affects both, the number of platelets in each stauk the average size of
micropores as fig. (2 — 3) the treatment of eldgteotype effects on the
basic size of micro pores, with the decrease inhihi& liquid potential

(more negative), both platelet spacing and micrepre decreadébs].
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Figure 2-3 Clay fabric microstructure as affected by elebtte solutiol

composition [55].

2.5 1on Exchange

Clay minerals have the property of sorting certaiions and cations,
retaining these in an exchangeable state; i.e. #neyexchangeable for
other anions or cations by treatment with such iares water solution (the
exchange reaction also take place sometimes in aagoeous
environment). The exchangeable ions are held artheoutside of silica—
alumina clay mineral structural units, and the exxaje reaction generally
does not affect the structure of silica—aluming gacket. In clay minerals
the common exchangeable cations are calcium, magnesydrogen,
potassium, and sodium, frequently in about thakof general relative
abundancé¢33].
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2.6 lonic Strength

Electrolytes containing ions with multiple chardpese larger effects
on the active coefficients of ions than electradyt®ntaining only singly
charge ions, ionic strength is the quantity represg interactions of ions
with water molecules and other ions in solutionn drder to express
electrolyte concentration in a way that takes icoaoit introduced the ionic
strength47] | defined by

= %_Zm z° = %(mlzlz tmz) e (2-1)
|

Where | is the ionic strength.
m IS molar concentration.
Z is valance number.

Solution ionic strength influences the dynamict awlloidal
deposition and transport in heterogeneous porousanty controlling the
range and the magnitude of interparticle forces.owlLto moderate
concentrations of indifferent electrolytes contaghi monovalent
counterions promote interparticle repulsion andideg deposition rates
as accumulated particles block collector surfacesmf subsequent
deposition. The presence of specifically interagtisivalent counterions at
moderate concentrations promote interparticle etta, and the presence
of rising deposition rates as particles retainedstationary mineral grains
act as additional collectors. A reduction in iomstzength produces an
expansion of the electrical layer surrounding chdrgolloidal particles,
there by causing repulsion between particles dégbsn favorable patches
and reduction in the maximum attainable surfaceecaye corresponding

to a monolayer of deposited partic[é$].
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Chapter Three
Practical Part
3.1 Introduction

Ceramic may be defined as a product manufacturedhbyheat
treatment of a material or a mixture of materialsjch are inorganic and
non—metallic. A generalized diagram of major predesolved although in
particular cases some of these stages may be wsagger other required
may be fallowin¢57, 58]

Raw material

Purification

Size adjustment

Material mixed in required properties

Product shaped

Dried

|
Product fired

Figure (3— 1) Flowchart of process diagram

31



3.2 Experimental Work:

1-Raw Material Treatment &Characterizations: Fhe raw materials are
used as a matrix composition; Table (3—1) showslieenical composition
of these materials. The phase structure for thederials are measured by
XRD Tech. by using (SIEMENS X—RAY DIFFRACTION, UNIMMODEL

D — 500, KV =40, CU ¢ = line,A = 1.542A). These results are shown in
fig. (3—2), (3—3) and (3—-4) respectively for thesaterials.

Table (3—1) Chemical composition for raw materials

M Ardhuma sand

Sio, 97.39 69.61
0.38 15.07

0.015 0.13

|

|
|
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Figure 3—2) XRD pattern for Kaolin Duekhla raw material

33



Figure @ — 3) XRD pattern for Ardhuuma sand glass raw niate
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Figure 3 —4) XRD pattern for potash feldspar raw material
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Kaolin duekhla and Ardhuma sand glass ttebyewashing them, with
HCI (4N), for time duration 24 hours, with stirringt room temperature.
The acid treatment for Kaolin duekhla and Ardhumadsglass to remove
the free iron oxide and other impurities. By thrscess we can remove all
minerals and oxides which can be dissolved in HThe effect of this
treatment studied qualitatively by IR measuremditte measurements
hasbeen made by using (Shimadzu Fourier Transfaonfnared model
FTIR 8300 (Kyoto, Japan)). The IR spectrum foolkaraw material in
fig. (3-5), fig. (3—6) is for kaolin treated withGll The IR spectrum for
Ardhuma sand glass raw material is shown in fig=7§3 while the IR
spectrum for Ardhuma sand glass washed by HCI esvehin fig. (3-8).
The washed materials then separated using filigensaand under sequence
of operation for dilution and filtering until theH>- value become 5. Then
the separated materials dried by using furnace
(GCA\PRECTSIONSCIENTIFC, model 16) at temperatamege 50—-70C
for 10 hours. The dried powders of Kaolin duekhia éArdhuma sand
glass and the feldsppotash then milled using ball mill of porcelain lyod
with different sizes of spheres, for 5 hours. Thided powders sieved
using different sizes of sieves to obtain powdehvparticle size give in
table (3-2).
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Figure (3-5). IR analysis for kaolin raw material.
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Figure (3—6). IR for analysis for kaolin washedHéI.
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Figure (3-7). IR analysis for Ardhuma sand glass material

Figure (3-8). IR analysis for Ardhuma sand glassed by HCI
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2 - Electrolyte Solution Preparation: Electrolyte solution are prepared
using NaCO; & Na,SiO; by ratio 2 : 1 respectively, from this mixture,
we determine the amount of adding distilled waterobtain electrolyte
solution with concentration 5 %. So the amoundistill water added to
prepared this solution was 114 ml. Mixing 4 grainiNe,COs with 2 gram
of NaSiO; and solving these mass weights in 50 ml of distildater, with
continues mixing process for half hour using maigregtrrer (model (Great
BRITAIN, serial 11750)). After that we carried adding distilled water
to obtain a final volume 114 ml. The preparatidrelectrolyte solutions
with the concentrations (1%, 0.7 %, 0.5 %, 0.2 %d &.1 %) from
mentioned above 5 % done by using dilution equagigan by [59].
MVi=MV, e (3-1)

Where M is the percentage of solution before dilution.

V is the volume of solution before dilution.

M is the percentage of solution after dilution.

\f is the volume of solution after dilution.

3 - Sample Preparation: percentages of the washed raw materials are
used to prepare the samples; the samples wereredeps using fixed
value of percentage washed raw materials, whicineefin table (3-2).
2%wt of Zinc Oxide was added to the mixture follalMey mixing for
2hour. The final mixture then divided into seveaups related to different
percentage of electrolyte solution which is addgedigen in table (3-2). A
polyvanal alcohol binder was prepared and appligti Wowt for each
group. The mixing process was done under heatiod@3 until it get a
slurry form, and then dried at %O with continuous mixing for 3 hours,

until obtaining agglomerated powders.
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Table (3—2).Sample preparation.

G roups
Parameter,

Partlcle
t% ashlng S|ze(um

Kaolin <100
duekhla 4N HC
Ceramic
Componen
P Ardhumafl 25% AN HCI 100% Raw Material

Component Percentage
Electrolyte
Solution Nan;o3 Zero Zero| 1%/ 0.7%] 0.5%]| 0.2%]| 0.1%
NaQSiO3 1

M_HHHHHHH

The final powder was milled for about oneih@nd then sieved using

a sieve of size 25(0m. The sieved powders then pressed by using press
(model (38888.4D10A00, made in USA)), with pressiivéPa as disc form

of diameter 30 mm and 3mm thickness. These samptes dried in a
furnace at a temperature 70 for two hours. The prepared samples burnt
by a furnace (model (Hi 62, Ti7, 1700, Nabertherm¥ing different
temperatures 1250, 1300, and 1380 with sintering time 2 hr. and
sintering rate 100C/ hr.
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3.3 M easur ements:

3.3.1 Dielectric Properties M easur ements

The capacitance Gand tar o of the sample are measured by LCR
meter (model (Agilent 4294A, Parcition impedancealgsis, 40Hz to
110Hz)).

Dielectric constant are calculated by using equatih—4), and
dielectric loss index is calculated by using equatil-13).The results are
plotted against applied frequency, as a function teb sintering
temperatures(136Q,1350°C). The measuring frequency range is from
40Hz to 1 MHz; as table (3—3) which is sufficient to satisfy the requirement
for the dielectric measurements in the present wofhe behavior of
dielectric constant and dielectric loss index wtaken of each applied

frequency as shown in figures from (3-9) to (3-15).
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Table (3 — 3) Dielectric properties of Samples.

Condition

Dielectric

Sintering Temperature€ 1300 1350

Dielectric Constant|| Dielectric Loss

Dielectric Loss

Group No. Electrolyte |\ .o at 1 MHz Indexat 1 MHz Con,atligt atl Indexat 1 MHz
Concentratlo
— “ “ 3.859 “ 0.0272 “ 5.164 “ 0.0692 ‘
“ ‘ 2%27Zn0O ‘ 4533 “ 0.019 “ 5.86 “ 0.0424 ‘
1% “ 2%27Zn0O “ 3.55 “ 0.0039 “ 453 “ 0.011 ‘
O 7% 2%ZnO 4, 614 0 0325 4, 753 0.0269 \

0.2% 2%Zn0O

4.7201 0.0169

5.7895 0.0354

]

Msg “ 0.1% “ 2%Zn0O “ 4.89 “ 0.0335 “

0.0533

5.81 ‘
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3.3.2 Physical Properties M easurements

The thermal conductivity was measured for all tamgle by using
less disc discussed in section 1.3.2, the dianoétdne prepared samples
rd=27mm, 1=0.25A, and V= 6 volts. The results gireen in table (3-3).

Table (3-3). The thermal conductivity of sampbtegiffferent sintering

temperatures.

Thermal conductivity value (w / nfC)
Sintering temperatu’c
Groun No. Electrolyte
p concentration 1250 1300 1350

-EI 0.108490 O 177611 0 225793

"EI 0.137455 0.164654 0.129662
0.199339 | 0.184806 0.179532

0.255555 | 0.209383 | 0.213826
0.213739 | 0.156372  0.15660k
4

0.218960 | 0.176473 | 0.230401

0.186692 0.169690 0.20571§
Standard value of Porcelain=0.25%{@ / m .°C) Ref[11]
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3.3.3 M echanical properties M easur ements:

The Compressive Strength for all samples was medsily using
(Material Testing Unit System ) .The results areegiin table (3— 4).

Table (3—4). The Compressive Strength of samplatifferent value

of sintering temperature.

Compressive Strength(MPa)

Sintering temperatuf&

1300 1350

14.015 18.226 35.060

1. 1317 27. 374 64 6844

11 823 31 162 52 0462

Standard value of Porcelain=5.1 to 44 (MPa). [REf.
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Chapter Four

Discussion of Results, Conclusions, & Future Work

4.1 Raw Material Characterization:-
Infrared (IR) curves for kaolin duekhla and kaotlnekhla which

was washed by HCI are shown in fig (3-5) and figo(3this resulting from
the present investigation are listed in table (4a&) comparable with data

listed by Mare[60]. These measurements were given in table (4-1al®ve

the following:-
1-The major these bands of kaolin Duekhla raw meltefparticle

size<10@um) are 3699.2, 3622.1and 3652.9tm
2- Washed kaolin Duekhla by hydrochloric acid affethe intensity of
major bands were lowered and the band 3652:8\as disappeared.

Table (4— 1) Absorption bands in kaolin Duekhla..

o

1463.9
1109.0
kaolin 1035.7- 1006.8
duekhla 914.2
790.8- 756.0
694.3

1006.8
914.2
790.8 - 754.1

Kaolin
duekhla

treated

with HCI 694.3
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Table (4—-2) Absorption bands in Aruthma sand glass.

3747 42
Aruthma Sand Glasg 3436.9

1625.9
785.0
Aruthma Sand Glass
690.5
Washed by HCI

Infrared (IR) curves for Aruthma Sand Glass andtAma Sand
Glass washed by HCI are shown in fig (3—6) and(3g7) this resulting

from the present investigation are listed in taljfe-2) which are
comparable with data listed by MaféD]. From measurements were given
in table (4-2) it can be noticed that:-

1- The major two bonds of Aruthma sand glass rawern@ (particle
size<7mim) are 3747.42 and 3436.9¢m

2- The effects of washed by HCI; is the absenq®eH) absorption bonds
and HO band.
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4.2Discussion of the Results:-

Three types of measurements were carried out orsdngples of
groups specified in this study. There measuremargsregarded as a
controlling parameters and specified propertiec&amic body, which are
dielectric properties, thermal properties, mechamecoperties.

The dielectric properties are dielectric constantdiglectric loss
index. The definition and mechanism are defimeg@revious chapter.
The results are shown by the figures (3-9) to (3—Mhich explain the
behavior of dielectric constant and dielectric losdex as a function of
frequency, and as a function of sintering tempeeatuFrom fig. (3-9)
which is note the change of dielectric constant @ietectric loss index for
sample of group M which is haven't any additiontesiing at temperatures
(1300 and 1356C) and by comparing with result in fig. (3—10) wihic
illustrated the change of dielectric constant arededtric loss index with
testing frequency for sample of groupwihich is containing 2%ZnO and
sintering at temperatures 1300 and 135Qit is found these values of
dielectric constant and dielectric loss index obup M, is grater than
values of M in both temperatures, this returnshe éffect of ZnO to
improved the electrical properties. And by comparithe result from
fig.(3—10) with results in fig.(3—11) which is dehed the change of
dielectric constant and dielectric loss index weiting frequency of the
sample of group M which is contain 1% concentration of electrolyte
solution, it is notice these values of dielectanstant and dielectric loss
index less than values of group, Bhat has 2%Zn0O. Figures (3-12 ) to (3
—-13) for group M, M4, shown a more stable change for dielectric comnstan
and dielectric loss index as frequency increasés;iwcan regarded that
using 0.2-0.5% concentration of electrolyte solutroay gives uniform

glassing phase under firing condition of 13aD.
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As a practical conclusion, one can plot the valdedielectric
constant and dielectric loss index (measured atHz)Mas a function of
concentration of electrolyte solution, for sampfeimg at 1300°C and
1350°C, as shown in figures (4-5) and (4-6).

The behavior clearly shows that there are a higlalgiation and
non- linear phenomena. This can be explain, beaafus&ch group having
the same percentage of the raw material (kaolinkBlag Aruthma Sand
Glass and feldspar) impling to the ability of thesults depending

mechanism of reaction between $©Ng0O, as shown in figures (4 -1),
(4-2), (4-3) and (4—-4).

Cristobalite

Na,0.Si0,
+
liquid

2N&,0.Si .2Si
az+ |Oz/ NaQO+28|Q N&,0.2Si0

L . +
liquid Na,0O.Sio Na,O.Si0, liquid
+

2N&0.SIO, 867

@)
QD
L.
-
frar]
©
)
Qo
S
(b)
I_

Quartz + |
liquid

N&,0. 2SiQ

Nazo.ZSi(%+quartz

80 SiO,

Figure (4-1) The Sodium oxide/ Silica phase diagm
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Liquid
1436

o CaSiQ+Tridymite

1128

B CaSiCa+Tridymite
867°

B CaSiQ+quartz

20

Figure (4—-2) Phase equilibrium diagram of CaO — Si€]}.
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Figure (4—-4) The phase relationships between Sodiumi€asdl and Corundum|6].
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As shown from these figures, and by the comparigath the
percentage contribution in the each group (i.eO8%0, SiQ%, TiO%,
MgQO%, NaO%, K;O%, CaO% etc.), which may defined in table (4-3).

Table (4-3). Chemical composition of each group.

Percentage xitles

54174 0.2029] 1.02

0.8959/0.54179 0.202

0.8955 0.54175 152 | 2.5

0.648] 19.92

0.648]19.925 0.054) 0-8959 0.54179 0,202

0.05 0.202

-
0.054 1.02

Now, we can say the above reaction have a gfsct by the change of
the properties with concentration of electrolytéuson as figures (4-5)
and (4-6).
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Thermal conductivity of porcelain consider low, hie thermal
conductivity of ALOsis consider high at (10).On the practical approach
one can show that the behavior of thermal conditgtas a function to the
concentration of electrolyte solution is non — &nebut have the similar
behavior of change with the concentration increades because of the
effect of many parameters come from structural &rom through heat
treatment under the effect of electrolyte solutidhe effect can not be
studied in this investigation because it needsatheanced techniques and
analysis which regarded as a study for future wdrk. chemical
composition, porosity, thermal conductivity at higimperatures.)

The results of thermal conductivity are given ibléa(3—3).1t should
be that noticed the thermal conductivity increasth vihe decrease of
percentage of electrolyte concentration, and thepsss that sintered at
high temperature(138Q) show high value of thermal conductivity.

Groups M and Mhave result of thermal conductivity less than othe
groups(M, Ms, My, Ms, Mg) that has concentration of electrolyte solution
as show in fig.(4-¥.

The study concern with the selection thepprbes value satisfied as
an optimization with other properties, so that best selected regions of
thermal conductivity are in the range 0.2— 0.5%cemtration of electrolyte

solution.
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When each patrticle is completely surrounidga film of water of the
required thickness, the addition of further wateli @ffect a reduction in
the strength of the fired articles due to mainlthe increase in porosity
which results. So the requirement is to add bapdigent, which may
seriously affect the strength of the penetratecenat This bonding agent
is electrolytes, when added to clay in form of pasind slips, considerably
increase the strength.

The mechanism by which the strength of nters increased by the
addition of electrolyte is probably intimately lie# to the deflocculating
effects. The particles are more readily disperseslater when electrolyte
are present and a better distribution of plasticten is there by
achieved.The limit of adding bounding agent is oafed by so many
parameters; these parameters are effect of shagiyigg, firing process,
effect of duration of firing, and effect of cooling

In this study these parameters are conttoMgh process defined in
practical part, so practically found 0.5% specifgeictrolyte solution given
a highly compression strength values for porcetmidy firing at 1356C.
From fig. (4-8) one can find the effect of firingemperature on
compression strength, in wide range of electrobatition as the firing
temperature increase, the compression strengteaserbecause of liquid

phase effect.
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Figure(4-8). The Compressive Strength for diffecemcentration of

electrolyte solution as a function of sintering paratures
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4.3Conclusion

1- The dielectrics, physical and mechanical propenneasuring without
adding 2% ZnO given result lower than the groumgs2% ZnO this
indicator that adding ZnO mineralized improved thpeoperties. The best
percentage of electrolyte solution which used twdpce a good electrical
insulator, 0.2% at sintering temperature (1350

2— Physical and mechanical properties affected dging electrolyte
solution in concentration(1%, 0.7%, 0.5%, 0.2% &ntPs) and the best
result obtain at 0.5%.

3 — The values of Physical and mechanical propedid®.2%concentration
of electrolyte solution consider acceptable valugherefore
0.2%concentration of electrolyte solution is opied value in electrical

insulator from Iraqi clays.

4.4 Future Work:

1- Using other values of ZnO percentage and sthayetffect on the

improving of the dielectric properties of porcelaasulator.

2-Studying the effect of using anther minlaizerenat such CaO, MgO
and TiO for samples have good dielectric properties

3— Perform mechanical measurements on the diedestimples such as
bending.

4— Dielectric properties such as Dc—resistivityifmulator samples.
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