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ABSTRACT

The Bijoypur white clay (BWC) is cellected from mine in
lump ferm. The collected materials are crushed to fine powder.
Thiz is kept in water for one week and then washed to remcve
gilica and other inscluble ingredients. Two types of szamples
are prepared from the washed BWC., One is in the powder {form
for x-ray diffractometric (XRD) analysisg, differential thermal
analysis (DTA) and the other is in the pellet form at
different pressures for electrical and microphotographic
investigations. Both types of samples are heat treated at 773
and 1274 K for five hours.

The XARD analysis is done on ae collected BWS, waszshed
EWC, washed BWC heat treated at 773 K and washed BEWC heat
treated at 1273 K. The XRD analysis revemls that there are
definite structural transformations due to heat treatment.
Kaclinite transforms +to metakeoclinite and/for gamma-alumina
structure. Surface microphotographic investigation reveals
that poarosity decreases with pressure.

The d.¢. resistivity measurements are performed in the
temperature range 300 to 673 K. The temperature dependence of
the d.c. electrical resistivity shows electrolytic behaviour
below 390 K and semiconducting above,

The =activation energy values indicate that thermally
activated hopping conduction mechahism may be operative in

theze materials.



The a.¢. conductance and dieleciric parameters are
measured on washed BWC pellets, washed BWC pellets heat
Lrealed a£ 773 K and 12%3 K prepared at pressurea 2000, 3000
and 3500 pei. The measurements are carried eout in the
temperature range 243-398 K for the frequency range 1 kHz to 3
MHz. HNo less peak is observed within the temperature and
frequency ranges used in the present investigation. However,
it is observed that slow relaxation processes are presen£ in

the material.
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Introduction

Clay COVErs a huge range of mnatural substances
differing greatly 1in appearance, texture and chemical and
rhysical properties. Some, such es commercial kaolins, contain
upte 90 per cent clay-substances, other such as certain brick
cilays, as littie as 30 per cent. The justificetion for
applying a single generic name to all of them is thal they
have certain impertant quelitiez in common,. They are all
plastic when wet; when merely dried they are all rigid, but
will regain their plasticity when thoroughly rewetted; when

fired they will become permanently nonplastic and mechanically

gstronger. The mo=t abundant and accessible material on the
earth’s crust is clay. Early man was in constant touch with
it. Having observed that, after heavy rain, clay left his

footprints, he found he could shape it with his hands. He thus
digcovered that clay was pla=stic. Plasticity, the most
important property of clay, made early man to realize the
potentialities of this material which was the key to the
foundation of ceramic products. Ceramic products touch upon
our lives at widely differing points. Lavatory basins,
gynthetic diamondzs and bricks, high-veltage insulators,
resistors, radiocactive waste absaorbers, drain pipes and memorvy
cells, spark plugs and blast-furnace linind - their variety

makes the definition of ceramic difficultiil,



1.1 Geology of white clay (kaolinite mineral}

The source of clay forming minerals are aluminous rocks,
especially those containing feldspar. The most important
kaclin-forming rocks are the sclidified acid magmas, such as
granite and gneiss, which consist of orthoclase, gquartz and
mica, further the strondly acid residues of the granite-magma
melt, pegmatite, which ecenzigt alimost solely of ortheclese and
quartz, and eplite an acid gangue of similar composition.
Beside these archaean rochks, extrusive rocks may alzo Ffunction
as kaoclin formers - both eruptive and effuzive types, e.g.,
liparite and quartz porphyry. Alse bagic archaean and eruptive
rocks, auch as andesite and porphyrite of Meissen and the
gebbre of Neuroede, can be transformed into kaolin and clay.

Te discuss about white <slay, firstly let us see what is
clay. In order to answer this question we must firast take a
quick loock at cry=stalline rocks such =as granite and gneiss
which Fferm the greseter part of the osuter crust of the earth.
The rocks are, in the main, heterogeneous wmixtures of
feldspar, quartz and mica, the most abundant component being
feldspar. Feldspar iz the name applied to a number of mineral
aluminosilicates, the most COmmen that of potassium
(Kz0.A1203.6H:0.8i0z ) and the next most common that of sodium
{¥az20.Al201.65i0z }1¢), There are two views about the oridin of
clays, one preferred by deologists, the other by chemists., In
gsome devosits of china clayst?}, the mineralogical evidence

shows +that the potaszh feldspar first decompozea to secondary



mica and then to kaclinite.
The reacticns are as followa

J(Kz0.,412z03 .65i0z) + 2H20 -3 KzU.3A1203,65i02.2Hz20 + ZKz20
{Potash feldspar) {mica])

+ 1285i0z + 4H20

-3 3{Al203 .25i02 .2H20)} + KzQ
{Kaclinite}

The chemical view of clay formation from solutions arose
because it has been proved possible te produce kaolinite and
nearly all other clay minerals by heating gels of aluminium
hydroxide and gilicie acid together in autcclaves.
Furthermore, in the direct formation of kaolinite from
feldspar there was nc evidence of the formation of gel-like
intermediates.

The most important clay mineral is kaolinite
{Al205.28i0z .2H20Q). The name is derived from "Kao-1in", a hill
in north China where a very pure, white-firing clay was first
discavered.

Schwarz!*?!? and Correns'*!) regard not only kaolinite but
also other clay minerals as heving been produced directly from
solutions. On heatind co-precipitated gel of Al1(OH): and 5i0z
in an autoclave Ewell aud Inslieyit!) obtained the following
¢lay minerals : HKeolinite at 583 K, dickite at 623-638 K,
beidellite at 623-663 K, the last in the presence of sada. All
optical and lattice properties where identical with those of
the natural minerals.

Probably there is justifieatien both fer the theory of



Kaolin fermation from feldspar by leaching and for that of the
formation of clays from solutions. The former would explain
the feormation of coarse-grained kaolin in primary deposits,
the later that of fine-grained, eclloidal, sedimentary clays.
Both processes lead to the sgame thermodynamically stable end
product.

1.2 Importance of white clay

The clays used in the ceramic industry may be simply
divided into kaclins, which include China clay ({white clay},
and other clays. The kaolins are white and burn white. They
have a grain size of about 0.5 - EFt. Whereas the other clays
are mo=tly celored and usually do not burn white. Before
kaolins are used in ceramic manufacture the traces of parent
rock remaining in kaolins must be removed by a costly washing
process. Kaolin purified in this way often contains a Yery
high percentage of clay substance {zbout 96-99 percent}.

Even if we eliminzte the accessory minerals in clays, it
remains extremely difficult +to device a useful clazgification
based on their ceramic properties; hither to all attempts at a
rigid clagsification have failed,. Clays must be arranged in
crder on the basigs of their chemical analygia or their
softening point or their melting behaviour, but such
clagsification do not suffice to explain their workability in
the raw state, which is just as significant : workability oar
plasticity is in fact their moat important ceramic Property

apart from refractoriness.



The clay is being diversively used in making ordinary
bricks, lavatory basins, low and high tension electric post
insulator, radiocactive waste product absorber, spark plugs,
blast-furnace lining etc. depending on nature of clay. At 20YC
ingulator porcelain has a volume resistivity of about 10w
Ohm—m, which iz several thousand times as great as that of
celluleoid and between ten and 2 hundred times as great as that
of rubber or of common glass containing soda. However
insulating materiale behave in the opposite way to conducting
materials in that their resistivity decreazes ag their
temperature rises, and in the case of porcelain a rise of
temperature from 293 to 473 K reduces the volume resistivity
10,000 fold. The resgistivity of any insulator must therefore
sufficient to meet +the demands made on it at the highest
tempperature to which it will be eaxposed 1n service. High
volume resistivity is eof 1littie use if current can flow over
the surface of an insulator from one &gide to the other.
Surface resistivity must also be adequate. In fact, that of
unglazed porcelain is good enough for all practical purposes,
provided the atmosphere is dry; but in a very humid atmosphere
ungiared porcelain with a fairly rough surface will ceollect a
film of water - and dirt, which may c¢ut down 1its surface
resiestivity in dry conditions, and which increases it by about
a hundred fold at very high humidities. For +this reason
ceramic insulators are glazed to provide a suitably smoooth

surface; water repellent silicon {finishes have a similar



effect, though they are less permanent than & glaze.

Altheugh excellent for insulation at E;uwer frequencies,
porcelain is far froem being the ideal insulating material
where high frequencies, or high temperatures, or beoth, are
inveived., With increasing temperature its conductivity rises
gteeply; at higher and higher frequencies it transforms more
and more electrical energy ints heat, with a corresponding
lo== of power. Yet ever since the beginnings of large-scale
power production there hag been a growing need for electrical
insulation at high temperatures in all kinds of things, from
domestic heaters to electric furnaces; and such modern means
of communication as radic, television, and radar have created
a vast demand for effective high fregquency insulators.
Prominant among the devices demanding new insulating materials
was the spark plug. As internal combustion engine improved,
the early porcelain spark plugs were no longer good encugh,
but then ceremists were beginning to develop alumina ceramics,
which are now the most widely used of all new ceramic
materiaia. In their latest form for spark plugs, alumina
ceramics contain between 25X and almeost pure alumina {AlzOs3).

Ceramics mre also widely wused in the manufacture of
electrical capacitors. Early condensers of the kind used in
the radio receiving sets of the 19208, consisted of metal
plates separated by air. If high capacities were needed they
had to be big and bulky because of the low dielectric econstant

of the air betiween the plates. {Dielectric constant, or



relative permittivity, is a mpeasure of the amount aof
electrical stress that a given amount of material will =store.}
If a2ir is replaced by some material with a much higher

dielectric constant, then it is possible to make less bulky

capacitors with greater capacity. Many diffrent material have
been used, including porcelain, mice and peper. If the
dielectric constant of air is teken as one, than that of

porcelain is =2ix to seven, and that of mica much the sane.

Electrical ceramics have wyet another important use, as
gupperte for resistance elements. Hhe?e high resistances are
used, perhaps in the form of a fine film of metal or carbon,
and particularly where they are to operate at high
temperatures, the support must have a very high resistivity,
otherwise it will partially short-circuit the rTesistance
element. Porcelain containing only alkali-free glass phases
have been developed for such purposes.

In our country, Bijoypur white c¢lay (BWC) iz being
utilized for the manufacture of various ceramic products and
in preocessing rubber by many industrial units of Bangladesh.
The mottled vwvariety of white clay (kaolin) which is slightly
sandy i=s used for making fire bricks.

The re=sults of the experiments carried ocut by the Ceramic
Institute, Dhaka {1860} indicate the suitability of this clay
for its use in making good type of pottery and low tension
insulators. If the guality of the white clay {kaelin) 1is

improved it may be zuitable for makind quslity products



ceramics, high tension insulmstors. If the present pyrometric
cone equivalent {({FCE) wvalue of 28 of white clay (kaolin; is
raised to arround 33, it will be =suitable for the manufacture
of zuper duty bricks uzeful for blast furnace and many other
such purposes. 1f the plasticity ¢f the white clay (kaclin) is
raised, its workability will be better, with the enhancement
of brightness this clay may be used for paper industry alao of
other properties are favourablei ¥},

1.3 Bijoypur white clay {(BWC)

1.3.1 Leocation, extent and topography

Actunlly the clay is named after the lccation where it
is fouud. The white clay deposits are exposed in a series of
hillaocks from Bhedikura in the west to Gopalpur in the east in
a 10.5 km long narrow strip of about 610 m {(fig 1.1). The
area between Gopalpur and Bhedikura comprises A sgeries
of low rounded hillocks. These hillocks &are seperated by
shalliow, wide wvallevys. The m?ximum and minimum heights of
the hiliock are 43 m apd 15 m respectively above mean sea
level. The valleys are en the average 12 m above mean sea
level.

1.3.2 White clay {kaolin}

White clay {kaclin) occurs in several lavers with
alternating sandy clay, sandstone and pebbly sandstone. White
clay is grey to grevish-white mottled with pink, vellow and
red coler. This mottling 1s oaobserved at and a few feet below

the surface, after which the white <clay is bluish-grey. In
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most places the white clay is smooth and soapy to feel but at
places it ie geritty. It breaks irregularly and does not slake
in water. The white clay is sticky and plastic when wet but
becomes hard on drying. It is massive, jointed and fractured.
At some places the white clay i= =zandy.
1.3.2 Depoaition

Source, ocridin, structure, lithology, mode of cccu:prénce
and texture of the white c¢lay indicete that it has been
tranaported and deposited and its scurce is not far away. From
the fallowing considerations= it seems thsat the source
materials of white clay are in the Indian side and that it is
af sedimentary origint¥®)

{a} There iz no material immediately helow the white clayw
lavers from which it can be formed. It is likely that the
archaean gneiss and some other acidic rocks cecurind in the
gshilling front of India may be their gource materials.

{b)] White clay layers are not much thick and they eccur in
lenzes. White clay lenses are generally foupnd within sandstone
layers which are continuocus for about 10.5 km. This suggests
that white clay of the area was not deposited in-situ, rather
it i=s sedimentary and transported.

{c) There are small pocketsa of =andstone in some of the
white eclay levers. It indicates fthat the=se layers were
transported and deposited not far from the source aresa.

{d} Most eof the white clay layers drin thickness with

depth along the dip. This leads te infer that they were



transperted end deposited in gentle slope of the basin.

ie} The presence of free iron and silica in the white clay
deposit is indicative of its source being not far from its
place of deposgition.

1.3.4 Physical characteristics

Bijoypur white clay igs light grey to grey and turns
whitish on exposure to sun. Near the surface it is pinkish
with yellow patches. It is mostiy soapy to feel but at rlacesg
gritty. It breaks irregularly into small fragments and flat
pieces, The clay Es sticky and soft when wet and medium hard
on drying, It dees not show any slaking behaviour in water.
The specific gravity’g} the white clay is 2.55. '

By infrared absorpticn spectroscpic study, M. Alim Bigwas
and co-workers!?! of BCSIR, de£ermined that Bijoypur white
elay is kaolinite. Later by x-ray diffracticon methed the same
conclugicon was acheived.

The pyrometric cone equivalent (FCE} wvalue of Bijoypur
clay is 28 (1913 K), which indicates that when untreated it is
not as good a refractory material ms a good kaciin.

It is iikely that PCE and plasticity of the clay may be
enhanced, by washing and beneficiation free of fluxing
ingredients like ferroginous materisls, free silica and other
materials,

1.3.5 Chemical charecteristics
About 60% washed clay, 25% coarse sgand 15% clay mixed

with fine sand is found by washing Bijoypur clay obtained from

ig



mine., And about 65.5%¥ elutriated clay and 34.5% totel of three

catagories is found by elutriation of the washed c¢lay. The

chemical analysaia of Bijoypur clay is shown in Table 1.1%81%,
TABLE - 1.1

Different constituente present in BWC

i Constituents | Bijoypur i Bijoypur i Bijaypur clay;
| v <¢lay (raw) | clay (washed)! (elutriated) !
T T T T T T T T T m——_——————r 1
i 5iQz (%) i 73.04 ' 59.70 | h7.09 |
i AlaOQa (%) i 13,10 l 20.44 H 3n.04 ;
H FezOa (&) i 1.40Q i .34 H 0.32

: Cald (%] H 0.16 ! 0,06 i .04

: Naz; O 1{%} : 0.30 i 0.22 i .21 !
: Kz O (%) : 0.18 : J.156 : 3.11 \
' TiOoz (%} ' Trace ! Trace H Trace :
iIdnition lose(®); 5.80 : §.88 ' 11.99 H

Several samplez of Bijoevpur white clay were studied by
Kairols  Hamed Beg Ogli and M. A, Zaheri*! by x-ray
diffractemeter, DTA and electron microscope. They found that
the white clay having grain size 1less than 1x10-* m is
composed approximately of 90 per cent kaclinite, 10 per cent
illite and trace of chlorite.

1.3.6 Reserves

The reserve of white c¢lay of Bijoypur area is given in
Table 1.2.
1.3.7 Uses

Bijoypur white clay is being utilized for the
manufacture of good typescof pottery and low tension insulators

by different industrial units of Bangladesh. By increasing the

11 ¥



TABLE - 1.2

Reserve of WO in Bijoypur

i Lepth in meters | Reserve of white clay |
. n tons . !
3-"' Upto 15 i 6,19,500 E
} Upto 30 E 12,39,000 E
} Upto 45 E 18,58,500 E
! Upto 60 : 24,78,000 :

present PFCE value to arrovnd 33 it can be made suitable for
the manufacture of high tension insulatoers, super duty bricks
ete. Also by adding different proporiticon of graphite, pertex
with white clay at different pressure and temperature it is
pessible to make electrical capacitors, reaistors etc.

Some test revealed that mixing washed Bijoypur c¢lay at
definite proporticn, it is possible to make whitewares (soft
porcelain and earthen wares etc.,) +to Indian feldspar and
quartzl?,

i.4 UObjectives of the present work

Since A good ceramic has potentials for application as
pemiconductors, insulators, high fregquency dielectrics, in
electronic circuits, etc., these need fundamental
understanding of the elecirical propaerties of locally
availabhle ceramic material, BWC which is2 a fundamental raw
material. Thus, the aobjectives of the present =tudy are

a) to examnine the x-ray diffractogram pattern of raw BWC,

12



washed BWC and heat treated semples of BWC:

b} to examine the changes which may occur during heating of
washed and heat treated BWC by DTA technique;

c) to investigate the microstructure of the pellet of washed
BWC and heat treated BWC by optical micrescopy.

d) to investigate the d.c. electrical behaviours of washed BWC
and heat treated BWC;

e} to study the frequency wvariation of the a.c. properties of

the washed BWC with heat treated BWC.

13
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2.1 X-ray diffraction {XRD)

X-ray diffraction is a tool for the investigation of the
fine gtructure of matter. This technique had its beginning silT
Von Laue’s discovery in 1912 that crystals diffract x—rara.{i}

revealing the structure of the

crystal. At first, x-ray diffraction was used only for the
determination of crystal structure. Later on, however, cther
uses were develeped and today the method is applied net only
to atructure determinaticon, but to such diverse problems as
chemical analysis and stress measurement, to the study of
rhazse equilibria and +the measurement of particle size, to the
determination of the orientation of the c¢rystal or the
ensemble of orientations in a polycrystalliine aggregate,
2.1.1 @Qualitative analysis

The powder pattern of p subztance is characteristic of
that =substance and that forms a sort of fingerprint by which
the substance may be identified. If there 1is a cecllection of
diffrection patterns for a great many suhstanqes, one could
identify an unknown by preparing its diffraction pattern and
then locating the file of known patterns one which matchaed the
pattern of the unknown exactly. The collecticn of known
patterns has to be fairly large, il it is to be at all useful,
and then- pattern-by-pattern comparigon in order to find a
matching one becomes out of the quéstinn.
£2.1.1.1 Frocedure

After the pattern of the unknown is prepared,the plane
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spacing ¢ corresponding to each line on the pattern is
calculated, or obtained from tables which give d ag a function
of 28 for varicus characteristic wavelengths. Alternatively a
gscale may be constructed which gives d directly as a function
of line position when laid on the film or diffractometer
chart; the accuracy obtainable by such a scale, althcugh not
very high, is generally sufficlent for identification
purpeges. If the diffraction pattern has been obtained on
film, the relative intensities are usually estimated by eye,
on a scale running from 100 for the zstronde=t line down to 10
or O for the weakest. 0(On a diffractemeter recording the
intensity is taken as the maximum intensity measured above
background.

After the experimental wvalues of d and I/I. are
tabulated, the unknown can be identified by the following
proceduret s 7
1. Ta locate the proper di droup in the numerical search
manual.

2. To read down the second celumn of d walues to find the
closest match to d2. (In comparing experimental and tabulated
d values 1t is always allowed for the possibility that either
set of wvalues may be in error by + D.GIA.J

3. Later the closest match has been found for di, dy and da,
to compare their relative intensities with the tabulated
values.

4. When good agreement has been found for the lines listed in
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the zearch manuael, locate the proper data card in +the file,
and compare the d and I/I1 walues of all +the observed lines
with those tabulated. When full agreement is obtained,
identification is complete.
2.2 Polarizing microscopy
o~ The polarized-light microscopy provides a powerful tool
! {D’study the optical properties of +tTransparent, translucent
}and gpaque materials by wusing the polarized light. Polarised
light technique, in recent years, has wide application in
research and industrial technelogy.

The polarizing microgcope 18 essentially an ordinary
compound microscope, with the difference that 1t has a
revolving, graduated circular stage, a polarizing device below
the stage, called the polarizer {upper polar) and a similar
device &HOEE the objective, called the analyser (lower polar;.

Bach polar transmits light wave wvibrating in one
directicon only and for most purposes the polars are oriented
s0 that their planes of vibration are mutually perpendicular
or parallel.

The incident light passes through the polarcid disc, the
polarizer, and is thus constrained to wvibrate in one plane
only. The polarizer can be rotated in its own plane and a
second polarocid disc, the analyzer, is mounted in the body
tybe of the instrumenil. The analyser c¢an be roteted or
withdrawn from the field of wiew to enakle a sample to be

viewed 1in unpolarized }ight. When both the polarizer and
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analyser are in the "croszssed peositien™; and they will not
permit light +o reach the eye piece so long as the medium
between them is entirely isetrepic. This is because light
emerging from the polarizer is campletely extinguished by the
analyser according to the prianciple of Malus in optics.

Thers ig a compensator or tint plate, inserted in the
hody tube of the instrument. The tint plate made of gypsum
rlate {alzo called first-order red plate} is placed at an
angle of 45Y to the vihration planes of the polarizer and the
analyser when they are in the crossed position.

The condensing lens sgystem 1s situated between the
rotating stage and the polarizer. Its primary function, as in
the compound microscope, is to bring the incident 1light +to a
focus in the plane of the specimen.

The eye piece lens sy=stem, fitted to the microscope body
is of the binacular type, having a X100 megnification. This
together with the different objectives produces an sverall
magnification ranging from X285 - X10400.

The illumination of the microscope 1is provided with 6V,
13W low=-voltage halcgen bulbk. The bulb is contained in a well
ventilated hou=zing with A circular opening for the emission of
light.

2.2.1 Modes of obszervation in a2 polarizing microscope
Two modes of cobservations are available in a polarizing

microscope: orihoscopic and conoscopic.
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2.2.1.1 Orthoscopic arrangement

A microscopic arrangement is said to be orthoscopic
when a beam of parallel light rays are made to¢ fall on the
specimen crystal nermally and all of them travel along the
game crystallographic direction within the ecrystal. In this
type of observation there are three combinations of polarizer
and anaelyser that =neble three different sets of ocbhservations
and measurements to be made,

In accordance with their behaviocur between creossed
polars, all non-opaque substances can be divided inte two
Froups, namely, Iisotropic and anigsoctropic subsztancez. The
former remains dark, like the rest of the field of the
microscope whatever be their orientations. Un the other hand,
enisctropic substences will appeered coloured on rotation 1in
most orientations and only in certain definite positions will
become darik.

2.2.1.2 Conoscopic arrangement

The conoscopic arrandement requires, in addition to
the polarizer and analyser, the insertion of an Amici-
Bertrand lens and &a substage condensing lens. The former

converts the microscope inte a low-power telescope focussed at
infinity. The latter causes the object ou the stage +to he
illuminated by a cone of }Jight rather than by a bundle of
near-parallel rays az it is with orthoscopic case. Important
additiconal informations may be obtained by passing e strougly

convergent beam of 1light through the crystal when it is
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possihiﬂ, by various means, to examine the optical characters
in many directions at cnce at the same time. This is done by
viewing between cresged polers, not the image of the crystal,
but another optical image formed in the principal focus of the
cbjective by the strongly convergent beams of light. This
imaege is called the interference figure. Each point 1in the
field carresponds to a #iven direction through the crystal. In
effect, +the Bertrand lens end the eye piece constitute a
syatem used to examine the pettern in the back focal plane in
the objective.

23 Differential thermal amalysis [DTA}

DTA technique is an important tool to study the
structural and phese chandes occcuring both in solid and in
liquid materials during heat treatment. These changes may be
due to dehydration, transition from one eryatalline structure
to ancother, destruction of crystalline structure, oxidation,
decomposition etc. The principle of DTA consists in measuring
the heat changes associated with the physicel or chemical
changes take place when any substance is gradually heated.
This technigue was first employed by Le Chatelierti),

2.4 D. c. conductivity

Electrical conduction is the transpert of charge carriers
through a medium under the influenrce of an electric field. The
rate at which an element of charge d@ is transported over an
area A in a time dt is given by the current, i=d@/dt=nqgVpa,

where n is +the number density of charge carriers, q is the
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charge per carrier, and Vp is the drift velocity of the charge
carriers. If we assume that the drift velecity under an
applied field is proportional to the applied field, i.e., Vo=
r{E and i=nqr¢Eﬁ. WhereIA{sz"isec-ll iz the drift mobility
and E (¥ m~!] is the applied field. The conductivity
{Ohm“!'m-!) is defined by ﬁd:id!vﬁ, where d jg8 the =mample
thickness in m, A i2 area in m¢ and V the applied voltage.
Aggsuming the electric field E to be wuniform across the
medium, 1i.e., E=¥V/d,
F = L EEEEEE LR bewann R -

If there is more than one type of charge carrier the

conductivity is

U“:');__qlm;; .............. R ¥-29-3
In any particular system the number and mobility of the
charge carriers will depend upon the material and the
experimental parameters of voltage, temperature and ambient
etmosphere., If the material is crystalline or oriented, the
conductivity will depend on the direction with respect to =ome
molecular axis Jin which the measurement is made. These

dependencies can be expressed by writing:

I

f{

where T represents temperature, V the applied potential, and Z

n(T,V};

T, V,2}; and 0 =0(T,v,2)

the direction in which the measurement iz being made,
Phenomenoleogically, the conductivity 1s obtained by

measuring the current flowing through a piece of the materinl
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and using the sample dimensioneg to calculaete & frem the

equation
d
GJ= ““““ i ------------------ttt-t-{2¢3}
AV
wheres dim) i=2 the sample thickness, A its area {m¥}, and V

the potential across the material in voltz.

The usual type of electrical meesurement has involved
measuring the current as a function of potential, temperature
and in some cases ambient atmogphere. The conductivity and its
changez with wveoltage, ambient atmosphere and temperature are
then related to the physical processes thought to be occuring
in the material. Frequently, it is found that the conductivity
varies exponentially with temperature T according to the
equation

T = O exp{=Er/KT) v vvvvnvonnssneenrss i2.4)
where k¥ is the Boltzmann constant and Er the activation
energy.

The presiztivity is the reciprocal of conductivity. Therefore,
/O--a-l_l_,-: ,‘2 expl Er /KT }-

The activation energy Er can readily be eveluated from
the slope of the linear ln.ﬂ va. 1/T plot, which describes the
nature and types of carrier involves in the conducticon
ProCess.

2.4.1 Electrical conduction mechanism in solids
Electrical condurcticon iu insulating solida may occur

through the movement of either electrona or ions. There may be
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contribution to the ceonductivity from several different types
of carriers, notably electrons and holes in electronic
conducticons and catiocon and enion pairs in ion cenduction. In
most of the insulating materiels, it is very difficult to
observe any electronic conductivity and whatever conductivity
there i=, it uwsually depends on the movement of adventitious
ionz. Therefore {(a}) icnic conductivity and (b} electronic
conductivity are all important in there own way in insulating
solids. Afain, the electronic conductivity may be of (i)} band
conduction and {(ii) hopping (tunnelling) conduction within
Joecalized levels in the forbidden gap.
ta) Ionic conduction

In bulk material loni¢ conduction occurs due te the drift
of defect under the influence of an applied slectric field.
The degrees of ionic impurities which may be totally ignored
in the context of octher properties may have a significant
effect on conductivity., A theaf@tical expresstion may be
derived, for the current density, flowing through a sample, on
the basis of a simple model and is given by

Jod SinhieaE/2kT) o (2.3

where E is the electric field and "a” is the digstance betfween
neighbouring peotential wells.
{b)] Electronlc conducticon
(i} PBand conduction
Electronic conductian in insulating solids may differ in

geveral important ways from the more familiar kind in metals
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and inorganic semiconducters. That is not to say that they are
seperate subjects and indeed, the well-known band theory of
atomic lattice has provided the essential basis of concepts
for the dizcn=2sion of condnetion in sclids, as in polymers.

In crystalline solid 1like =silicon, where wmany atom$
strengly interact, splittings of energy levels occur. S5etg of
energy levels form +two continuous energy bands, called the
valence band and the conduction band.

{ii) Hopping conducticon

Disorder in a lattice affects both the energetic and
gpatial distributicon of electronic states. For a random
distribution of atoms the density of electronic energy states
tails into what is normally the forbidden zone and the
electrons in these tails are lccalized. When the electrons are
excited to higher enerdy, conduction via localized electron
implies descrete jumps across an energy barrier from one site
to the next as zhown in fig 2.1. An electron may either "hop"
over or "tunnel” through the top of the barrier: the relative
importance of these two mechanism depending o©on the shape of
the barrier and the aveilability of the thermal energy. For
variable range hopping the electrical condnctivity is given by

0= Gexp ~(To/TI* T L iiivniiena (2.6)
where "d” i= the dimenszicnality of tLransport { e.g. d=3 for
three-dimensicnal motion etc}.

0 = conductivity, 05 = initiml value of conductivity,

T abgolute temperature and
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To = aciivaticon energy in terms of temperalure.

N

Sita | Site 2

Fig 2.1 Diagram of electron-tranasfer mechanisms between
adjacent siles seperated by a potentiaml-energy barrier.

2.0 Dielectrics and Lypes of dielectrics

Dielectrics are materials which are electrical
"insulaters”, i.e., have direct current reasistivities greater
than about 10!% Ohm-m. Insulators have the very useful ability
to store electrical charge, a common device used for this
purpose is a capacitor. In dielectric, electric charge do not
move freely through the material. Although there are no
perfect insulators, the insulating ability of fused quartz is
about 10¢* times az great as that of copper, zc that for mANY
praciical purpozes some materials behave as if they were

perfect insulntors.
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The dieleciric molecules are in deneral divided mainly
into two classes (i) pelar and (ii) mon-polar. The polar
moleculeg have permanent electric dipole moments while in the
non-polar molecules, there exists no permanent dipoles.

In polar molecules the electric dipole moments tend to
align themselves with an external electric field. Hecause the
molecules are in constant thermal agitation, the degree of
alignment will not be complefte but will increase as the
electric field is increased cr as the temperature is=s
decreasged.

In non-polar malecules, they ascguire them by induction
when placed in an electric field. The externel eleciric fieldj
tends to seperate the negative and the positive chargesin the
atomdor molecules. This induced electrie dipole moment is
present only when the electric field is present.

Microscopically, when a dielectric material is placed in
an electric field it takes a finite amount of time for the
polarization to build up. This time may be as short as 10-1i¢
second upto several days, depending on the material. The
dielectric constant attained when the field has been applied
for a sufficient length of time for the polarirzatiou teo reach
its limiting value 1is called the static dielectric ceoenstant
és. On fthe otherhand, 1if the polarization is measured
immediately, after the field is applied, allowing no time for
dipole crientation to take place, then the observed dielectric

constant dencted by Eo will be 1low and due to deformational
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effect alone. Socmewhere, in between these extremes of time
gscale, there must be a dispersion from a high to a low
dielectric constant.

In addition to charge storage all real dielectric
materials wuse part of the enerdy stored in them to produce
heat. The intrinsie property, which measures power lioss is the
"dissipation factor”™., Dissipetion facter ie defined as the
ratic aof energy lost to energy =stored. Synonyms are tané‘
and 1/3. Helated guantities are: loss index 6" = E;tang and
power factor = singk. Yalues of 1&”13 range from less than
1G6-% for low loss materials upte 1 for very lossy materials.
The power dissipated per unit velume, P is

p = 07 g
whersa ﬁwis the a.c. conductivity.
2.5.1 Dielectric dispersion
=] Molar polarization in a dielectric
The molar polarization Pm of a material ia found to
depend on the frequency of the applied alternating electric
field (fig 2.2).
In general, +the polarizability can be written az the sum of
four terms, i.e.,
Xy =%+ £ +‘x1

electronic contribution

fl

where =&

atomic contribution

T
n

=}
1]

" ) dipolar contribution

i =Dinterfacial contribution
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Fig 2.2 Dispersion cof molar polarization in a dielectric
| schematic)

The interfaciel contribution iz the 2lowe=t process having a
frequency range from 10-% to 10L Hz. The dipole orientation
takes place in the frequency 10t to 10GiY Hz, atomic
polarization generally occura near (10!'4 Hz while electronic
contribution is effeclive at a frequency near 10M5 Hz.,

The dielectric techniques vary widely with the processa one ia

interested to observe {(fig 2.3).
(b} Loasy dielectrics
Ho=t materimls of which dielectric dispersion hazs to be

measured dissipate’) energy in the form of hest in the
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specimen. The specimen is then equivalent to parallel

combination of resistance {Ep} and capacitance {Cr) as shown

in fig 2.4,

Fraguency (H2)
-4 102 10° 12 ot (gb 108 o0 2 M
T S T ] -

: | ' HE 1
= Co o
r H 1 ! i : i :
= ; A R | i
———DC shp-response +—! ‘ : i
h—Ultra low o Audic-frequency i : :
frequeney bridges Rewonunt ' .

bridges GVl covmnsand - :
wavguides % L :

, ™ omters ™

Fig 2.3 Chart of dﬁelectric meazaurement methods.
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© : 1, vEan) 1

Fig 2.4 AC equivalent circuit for a dipolar material.
iIf an a.c. voltage {V} of frequency w ia applied across (Rp)
and (Cer}, a current

T = V{1/Re + Jwlp )} L R N s i d At arrararaaaa e (2.8}
flows. The admiliance 1is

Y{W} 1,I'FRP + JWCP = G{W} + JB{H] R {2-9}

H

and tﬂ-ng\ GJ';B = IKWRPGP ------ L N I R A L L Y {2-1[]}

Let a capacitor which in the absence of dielectric filiing,
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has a capacitance (Co} hbe of negligible losses. When a
iossless dielectric is added, the capacitance simply increases
to € Co, where the dielectric constant i1s a real number.

When the dielectric is lossy it i2 convenient to redefine
the dielectric congtant as a complex number.

£ =g - g TR JE B
The reason for wusing this definitien i1s that when the
expression for admittance Y of a pure capacitor is used,

Y = Jwle = Jwi€Co ) = jw{ér—jg"}ﬂu = weg'Co + waJCu = G+JjB

We get the form of eqg. 2.9. The conductance

Ge = 1/Rr = G{w] = wg"Co

£" = 1/{wCoRe )] = Ge/wlo e -
Similarly, B{w)} = wCer = w€ Co

/2 CR/C0 it e (2.13)

Dividing eq. {2.12) by eq. {2.13), we get g"/¢' = Ge/wCe

=1ftWCPRP}=tané\ lillliiiillll{2I14J

2.5.2 Phenomenology of dielectrics
The macroscopic phenomenological theory of
dielectricsi<:%) ig discussed here.
2.5.2.,1 5Static fields=s
The electric field E in electrostatics may be defined
as the force per unit charge acting on an indefinitely small
test charge placed in the field. A closely related quantity i=s
the displacement field D. W¥Which may be defined through Gauss

law {in integral form} as
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-
Dods = @ ciierensanaaas e e e b e e b e e b s s (2.15)
where q is the charge within a velume enclosed by the surface
s. If eg. {2.15) is applied to a single point charge in vacuum
by integrating over a sphere of radius R, and if we keep in
mind Coulomb’s law, then in vacuum evidently E and I are

related as

D2 = = EKoE i ......{2.15]

where Ko is a constant and is called the permittivity of free
space. Its value is
Ko = B.854 x 10-'% Farad/meter.
In the case of two infinite plates in vacuum containing
aurface charges q of density i , we have
T = a/a
where A iz the area of the plates.
From the s?mmetry,-ﬁ must be directed normal tgo the plates.
Then integration of eg. {(2.15) gives Dﬁds =0 a
or, D = e R, {2.17)
and from eq. (2.16)
KoE = 07 (free $pace} s ivseesesacnenaasns (2.18)
If a dielectric material is inserted between the plates, which
contain surface charges ¢ , the eflfect of the electriec field
iz te induce polarizaticon in the material in such a way that
the material remains neutral but induced charges 0“r

appear on the plates in addition +to the original ones ()

{fig 2.5}.
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Fig 2.5 Induced surface charges | Uﬁ} appearing from
polarization of a dielectric in an electric field {arising
from placed surface charges & ): (&} Induced electronic or
atemic polarizatioen, (b)) Pelarization by spatial corientation
aof permanent dipole.

Thus the electric field between +the plates is now
E:[U"-G",HKU bhe b e e veresaeaaa{2.19)
However it isthe essence of the definition af the

displacemenl field I that g in eqg. {(2.15}) means only "real”

charges, deliberately placed as sources of external electric
fields and g by definition does not incliude chargez included
in continuous dielectric media by external fields. Therefore,

D retains its value in eg. (2.17). Thus comparing B and D
Kok = {{T"—G"”}, D=0
The induced surflace charde denzity 9’1 ia often called

the polarization and diven ihe symbol P, so that

D=K0E+P ok ok R R F RO A ok * & & & % % % % & F A ¥ U N 2w [.z-pEGI
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Since iﬂ.?ﬁ}dfv = P {where v i= the wvolume), the
polarization is the induced dipole moment per unit volume and
is uniform through the dielectiric. For +the usual field
strengths, P is proportional te E and

P = XKgE rrra e Be e e b e s s iy ves [2.21)
where X is called the susceptibility and therefore

D = {1+X)EgE e e b e rr e bt e e e e L1222

we now define the dielectric constant as

D= € (KoE}  cieunnnnns Ceee e v 12028
ar, £ =1+ X
Note that for free space X=0 and & =1. Since the capacitance

—

2 ig defined a=s
C = qg/fv = (TA)/vV

and v = Ed

H

AT /Ko & , where V 1is +the vwvoliage across the

plate=z, then

£
or, &

where Co i= the capacitance of the condenser with the

lcd}f{Kﬂﬁj TR L -{2-24}

C,.-"Cu Por or d NP b A A E ks EmETER D R R N L {.2-25,&

dielectric remgved.
2.5.2.2 Time-dependent fieldsi)

For the case of a time-dependent field, the guantities
D, E, and P in eq. {(2.20} will be time dependent. Due to
resistance to motien of charges there will be a delay in F in
responding to A& change in E. Conslidering this fact, Debye gave
his famous molecular theory of dielectrics and arrived at the

following equatiocnst@’?,
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The real and imaginary parts of complex dieliectric constant

Wwritten as

! /
E!=£-ief -p-trtitttttittttvtttttiznll}

M
"

Eo + {€x —€ol/01 + WA ) tvrnirrnnnrnnnas (2.26)

L7 = 6y —EolwT/ Il + Wigd ) surrrnnnennneen {2.27)

The albove equations are known as the Debye equations.
¢
For a single relaxation process the variation of £ andfﬁ

with froquency ax iq equatiens {2.26} and (2.27) is Eiven 1in

iy f
fig 2.6. 4 -— . Al
E EJ Iumﬂ-x

Erﬁl
E4 L
Leg @
tig 2.6 Debye dielectiric dispersion curves
The dissipation factor is then given by
tang:énfé’ :I:én -Eu}f{'en -I-&o IwWT s s {2.25}

From eq. (2.27}), ii. can be ensily proved that the maximum less
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{ g'max) will occur et {WwT = 1) S0 that weax = 1/7T.

Locating the loss peak by an experiment will then give
the relaxation time T. Two parameters {in additjon to €v¢v} are
reguired to characterize the dipelar relaxation, &a relaxation
strength {defined as | £R "EII}} and a relaxation time T .
¥hile dipolar relaxation in many simple liguids following
the early observations of Fuossi%) and Emaker and Yagerti'i,
2.5.3 Temperature as a variable

In general, the relaxation times are temperature
dependent. A complete study of the dielectric properties might
be represented by contour maps ér or Eff vs. frequency and
temperature., More often 1n practice however, iscthermal =scans
vs. log frequency are plotted as families on a single figure.
The frequency at which EH is a maximum i3 determined [ faax )
and treated az analogous to a rate constant. Thus a convenient
summary of the effect of temperature on the relaxation process
is a log feax w¥ws. 1/T or relaxation map'®:9:19J), When
characterization is the principal goal, the loas plotted wvs.
temperature is necessary., If a family of such curvez at few
frequencies is generated, a log faax veE. 1/T can be made
and the activation energy can bs determined. Plots of log fesx
va. 1/T from isothermal and igochronel scans need not be the

same. When the relaxaticon strength {£R - € wil 1is strongly

[Fh )
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temperature dependent or when the width of +the loss process
{cole-cole(; parameteri !} or Fuoss-Kirkwood u parameterstl<) )}
is strongly temperature dependent, the two types of scans can
lead to significantly different relaxation maps and activation
energies for the same materialsii<.t3),

2.8 Literature review of previous works on kaclinite materials

Kacolin is an ionic so0lid which undergoes the following
phase transformaticors on heat treatment: Kaoclin-3 metakaclin-»
spinel t¥pe phase-% mullite., X-ray diffractogram reveals the
existance of a =spinel +type phase when kaclin is heated at
1253 K. A controversy arises as to whether the spinel phase
Q-Alzﬂa or 5i-Al spinel. 5. Mazumder and B. Mukherjee!i:*} have
shown by calculating the lattice energies of the ztructures
confirms that the apinel phase is ‘;—ﬁlzﬂa and not 5i-Al
spinel, as the lattice energy of this phase is laoweri '}, When
metakaaslin is heated at 1253 K, a2 considerable amount of
silica is discarded, leaving bhehind e weekly crystalline,
spinel type phase. The discarded silica also crystallizes
into cristoballite arrcund that tempereture.

K.J.D. Mackenzie, I.W.M. Brown, R.H. Meinhold, and H.E.
Bowden! 17! have examined the previously propozed metakaclin in
light of the published experimental data and new information
obtained by solid-state high-resolution “¥5i and “7A1l NHMR.
They proposed a new model for metakaclinite becauze the
metakaclinite model suggested by Prindley and Nakahiratib}

suffers from some defects.
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I.¥.M. Brown, K.J.D. Mackenzie, H.E. Bowden, and R.H.
Meinhald after proposing the model for metakaoclinite, +they
made investigation on high temperature transformations of
metakaolinite.

At about 1253 K, a week diffuse x-ray pattern becomes
distinguishable in many kacolinite samples, corresponding to a
cubiec phase and/or very poorly crystalline mullite, The nature
of the cubic phase has attracted much discussion, despite the
fact that its role in the reaction sequence (i.e.,,; whether it
iz an intermediate or a byproduct has not been clearly
established}. Earlier workers identified the cubic phase as
f—AlzDa, bnt, arguing from <ceonsiderations of structural
continuity, PBrindley and Nakahira't?! guddezted that this
rhase 1& a 8llicon-containing apinel of composition
Siahlm.ﬂm 5,3303z2 rather than Y-a.lumina tSiaAlla.ED 2.5032 ).
More receontly Lhis formulation of the a3pinel, with full
5i occupancy of the tetrahedral sites, has been criticized
from a number of viewpoints. The infrared measurementstli?),
radial salectren dengity({RED)] measurements!#t}! and Jlattice
energy calculationsi!l®*} supggest that the ‘g—ﬁlzﬂs iz the phase
which will form. Both the HHR results and x-ray cell parameter
measurements suggesti<i) that the initial mallite formed
concomitantly with spinel is very silica poor, but on heating
to higher temperatures; become progregsgively more silicens,
eventually tending toward 3A1:203.25102. DBrindley and WNakahira

gum up the overall picture of the reaction series. They
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interpreted! t#:1%,22) the thermal effects accompanying the
reacticns ags follows
773 K Dehydrations of kaclinite and formaticn
of metakaolin, 2A1:203.48i02.

1188 K Metakaclin layers condense to form
spinel type phase of gpproximate
composition 241303 .35102 with discard
of silica; a "sharp” transformation.

1323-1373 K Spinel type structure transforms +to a
mullite phase, precisae composition
not certain, with further discard
of gilica, appearing vi=zibly as
cristoballite.

1473-1673 K Continued development of cristoballite
and mullite, +the liater with lattice
parameter consistent with the
compasition 3Al1203.28i0z.

In view of the continuity of these reactions, it 1is
conceivable +that some mullite may appear at a temperature
lower than 1323 K.

F.S5. Nicholson and R.M. Fulrath!'#%) measured 9 kcal/mol
for the 1253 K excthermic reaction enthalpy corresponds to the
calculated heat of ecrystallization of silica at this
temperature. They suggested, from the above cobservation, that
most of heat release at 1253 K on firing kaolinite accompanies

the reaction §i0z {amerphous} --» 5i0z {fg-quartz].
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In aninvestigation the reaction is

~% Mullite
ds6 K 1123 K 1198 K ;
Kaolinite---» Metakaolinite—--3> ¥-Alumina-----= >
'
— ﬂ —-Alumina
-» Cri=stoballite
-

-2 Mullite

Many works have concerned the characterization of spinel
rhase formed by way of the kaolin mullite reaction sequence.
However, there is uncertainty regarding its coemposition, and
four opinions have been proposed

1} Prindley and Nakahira'l¥') propose the composition
3810z . 241203 for spinel phase. 2) The composition 25i0z.3Al1203
is proposed by Chakraborty and Ghesh.{4%) 3} Another opiniecn
which states that it is ‘)-Alzﬂz. 4} Another chemical
composition of spinel phase formed in the fired Kacolin group
minerals, reperted by K. Okada and N. Otsukat'?>}), +to be near
510z .6A1203 . They propozed the follewing decomposition
reaction into spinel phase and amorphous compound

#5102 . (1-x)Alz03-3 mi{S5i0z.6Alz03} + ni{68i0z.41203)
starting material spinel phase amorphous

They ach?eyed the coneclusion through =x-ray gquantitative
analysis, infrared ahsorption spectra and analytical TEM
methods.

The crystallization behavior of Alz03 in the presence of

510z was investigated by 4. E. Chekravorty and D. K.
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Ghoght<v 1},

Recently Hoffman et &g1t<47YJ) reperted that the 1232 K
exotherm of sigle-phase gel is due to mullite formation only.
Put K. COkada'?%! cobserved +the spinel phase whose reflection
were at about 28=37Y, 46Y% and 67Y in Culew as well as amorphous
510z .

Comment on the Haffman et al’s work made by -
Chakravorty and D. K. Ghosht<f{¥!, The single-phase xerogel
showed the 1233 K exotherm in differential thermal analysis
iDTA) and weakly crystalline mullite in the diffractogram of
g2l heated to 1288 K. From this they ({(Chakravorty et al)
concluded that the 1233 K exotherm of single-phaze dgel iz due
to mullite formation only. However, DTA o¢f diphasic gel
neither exhibited the 1253 K exoctherm nor showed any
crystalline XRED pattern in the cesgse of dgel heated to 1288 H.
In replyt*¥}t 5. Homarneni et al said that their main chjective
was to show the difference between single and diphasic gels in
their reactionz and they did not comment extensively on the
nature of the 1233 K exoctherm.

A. K. Chakravorty and D. K. Ghosh reexaminedi<47the 1253 K
exothermic reaction for kaolinite and it has heen eszstablished
as follows
Metakaplinite-——weu—- ? {1} 51i-A1l spinel (major phase}

exotherm {cubic mullite)

{ii) Hullite {minor phase)
forthorhombic)
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{1ii} Alumineceilicate phase
{ amorphous }

{iv) Silica {(amorphous)

In the ancther work(+4Li), the above explanation has been
gubstantiated first by establishing the existence of the
interrelaticenship between the development of two polymorphic
forms of mullite from an Indian kaclinite with the gecmeiry of
the 1283 K DTA peak. By the XRD analy¥sis along with the DTA
they conclnded that both polymorphs of mullite specially fTorm
during 1253 K peak formation.

K. Srikishnae aend G. Thomas'<<}! investigated Lhe kaonlinite-
mullite reaction series in single cry=tal keolinite
characterized by tranamission electron microscopy {(TEM]. The
1263 K exotherm was due to the faormation of a spinel phaszse. AL
this temperature the mullite crystalli{@és have also been
obzerved with the spinel phase.

Another recent work!+44} of the formatioen of mullite from
sigle phase aluminosilicate gel has been performed uzing XRD.
In =2itu measurements of conversion and seperate infrared
spectra data indicate that the amorphous =ingle rhazse
precurzors from crystalline muliite at temperature as low as
1213 H {540°C).

Chibowski et alt+%*} found that phy¥sically adsarbed water
remain on the surface up te 398 K, indicating mo=st
experimental surface energy values contain a film water

component that decreases the value.
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2.7 Review of previous works on EBijoypur white clay

Bijoypur white cley was discovered in February, 195%. The
clay was beneficisated (wazshing and elutriation}) and was
chemically analyzed. It was found that through washing, most
of the free silica and iren oxide present in the clay was
removed and the washed clay was considerably upgraded and
enriched in alumina. The process of elutriestion, further, had
reduced the content of free and fine silica in the washed clay
and enriched the clay slightly in alumina contentti¥.43} . The
infrared absorption analys=is!<?t} of Bijoypur clay has shown
that the clay is composed of a gingle mineral, kaolinite. The
same conclusion wes also acheived by the x-ray diffraction
gtudyt+7), Plastic and dry preperties of Leneficiasted and
unbeneficiated Bijoypur clay were also reportedt?®), in the
game repart the grain size distribution of washed clay as well
as some fired properties of unbeneficiated and beneficiated
clay were also given. They indicated +that +the clay was
suitable for use az a China clay in the manufacture of
whitewares {soft porcelain, earthenwares etc.) especially when
blended with other white-burning kaolins. In our country, very
few warks have been reported on the electrical properties of
Bijoypur clay., One attempt was made to prepare ihe samples by
the combinetion of graphite mixed BPBijoypur clay in the ratio
of 1:5 by weight at temperature between 1073-1123 K in air at
different durations under a pressure of 10* gm/cmé. Theyls3)

measured the conductivity, dielectric loss, dielectric
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constant, loss tandent etc. over the fregquency range of 1 kHz
to 40 kHz. They alzso suggested that low loss material could he
prepared if +the firing duration would have increased further
for future possible .applications as eleciric materials.
Anather step was reportedii®Vl to make resistor with the
mixture of Dijovypur clay and graphite powder in vary¥ing
properticon. Also to make the resistor mechanically rigid
pulyvfnyl alcohol was used as 2 hinder. The prepared resistors
were heat treated in an oven upto 473 K because it was found
that at temperature higher +than 473 K the binding property of
the binder tpulyvﬁnyl alcohol) decreages. The prepared
resistors had values from 400 Ohm to 500 kilo-Ohm having
wattage ratio O0.25W to (.50W and alsc the tolerance of the
prepared resistors are from down to -2% npte +7%. The
resistors were made of mixtures of Bljoypur clay and graphite
having different ﬁrﬂportinns from 1:1 ta 7:1. When the portion
of Bijoypur clay in the mixture increases in comparison with

the graphite powder, the resistance increases gradually.
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3.1 Collection of BWC

The location of the BWC has been shown in fig 1.1 {<f: sec
1.3.1), The PWC is collected from the mine at Bijowvpur area in
the districti of NWetrokona. To collect the =ample, in the
form of hard lumpz, the overburden of about 5 m thickness is
removed.
3.2 Methad of BWC washing

The method of washing of BWC as adopted in  the laboratary
scale is based on the principle of washing In a slow stream
of water. The arrangement used for washing BWC is shown in fig
3.1. It consists of four large heakers {each wilh a capacity
of about & litres) arranged in series sc that each one lies
a little below the level of +the preceding ones. Each beaker
has a drain tube near its upper edge, the tube beingd bent at
right angles almost reaches the bottom of the beaker next to
it, Such an arrasngement maintains a constant flow of water and
efficiently washes away the clay particles. The clay
suspension, to he washed, i1is placed in the first beaker and
the clay washed away in the suspension is collected from the
la=t besker.
3.2.1 Procedure

lalf a kilogram of BWC lumpz iz manually crushed inteo

coarse powder and 1s allowed to soak under water in a large
vessel for about a week. Well-soaked BWC on theorougzh blunging
in sufficient water iz completely disintegrated and fine

BWC particles together with the coarse particles of
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impurities {ermed a thick =zuszpension, which ig 1ihen
transferred gradually to +the first beaker of the washing
apparatus, situated at the top most position with respect to
the other beakers. A steady stream of tap water is turned on.
The rate of flow of water is so adjusted that Lhe BWC
suspension 1is sufficiently diluted and the BWC particles
are efficiently carried away leaving behind the impurities at
the bottoem of each beaker and finally the lest beaker
contains the washed BWC suspension.

The impurities, in order of their size and weight,
collected in éifferent beskers and thus the BWC on washing
yielded four fractions coarse sand, fine sand, BWC mixed with
fine sand and the washed BWO.

5.3 Drr¥ing and pellet preparation

The beaker containing the washed cluy suspension [4dth
beaker} is kept for about 3 days for settling. After settling
water is removed and the beaker is initially alliowed to dry
in the sun and finally +the BWC iz dried im an electric aven
at about 376 K. This dried zample is labelled az washed BWC.

The dried BWC zample 1is then graund‘_ﬂ. and is allowed to
pasas through 200 mesh. about .002 kg of this iz then placed
inside +the die ©punch {(fig 3.2). The BWC pellets of diameter
.005 m are obtained with 2000 psi, 3000 psi and 3500 p=i
prevsures by using a hydraulic pressure unit. The thickness of
- the pellet sample depends on +the pressure applied. After

remuoving the sample from the die punch its edges are then
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polished by a metallographic polisher {ef: gec, 4.4.2} and
finally the polished sides are painted with silver deg te make
electrades for electrinal contact. Some of the prepared
samples are heat treafbed din a high temperature furnace
{Department of Metallurgy, Bangladesh University of
Engineering and Technology, Dhaka) at 773 and 12%3 K. The

different samples =are designated as followed :-

Sample A : Raw BWC {as collected}. [|Al - 2000; A2 - 3000 and
A3 - 3500 psij
Sample B ! Washed BWC. [B1 - 2000; B2 -~ 3000 and B3~ 3500 Fail

Sample C : Washed BWC heat treated at 773 K. [C1-2000; C2-3000
and C3-3500 pail
Sample D : Washed BWC heat treated at 1273 K. |Di-2000;
D2-3000 and D3-3500psi|
All the experimenls are carried oul on such =amples.
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4,1 X-ray diffractometer (XRD)}
i-ray diffractometer {(model JDXE-8P) af JEOL LTD. ,
Tokyo, Japan is used in this =study.
Target is Cuke! and the wavelength of x-ray radiaticn is
1.5418 4
4.1.1 X-ray investigetion of the samples
4.1.1.1 Working procedure for taking XRD pattern
Sample= are crushed inte fine powder using mortar
and pestle and the powder 1z gieved through 200 mesh =ieve.
Then x-ray diffractograms of different types of samples are
recoerded using the above mentioned diffractometer in the
Department of Metallurgy, Bangladesh University of Endineering
and Technology, Dhaka., Four XRD patterns are collected for BWC
samples A, B, C and D.
4.1.1.2 Fermula for the calculation of interplanar spacing
The Bragd equation for the first order diffraction is

written asms

where, dhkil is the interplanar spacing
B is the angle of diffraction
A is the wavelength of the x-ray radiation used
for diffraction (i.e., A = 1.5418 A).
4,2 Polarizing microscopy
4,2.1 Polarizing microscope

In this study, a Reichert Metavert reflected polarized
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light microscope of C. Reichert Optimche Werke A, 4., Austria
ig used. The eye piece lens syetem, fitted to the microscope
body, is of the binocular type having a 10X magnificetion. Thia
togather Iwith the different objectivea produces an" overall
magnification ranging from 25X - 1000X. The illumination of
the microscope im provided with a 6Y¥, 15W low-voltage halogen
bulb. The bulb is contained in a well ventilated housing with
a circular opening for the emiasion of light. The photograph

of the microscope is shown in fig 4.1.

Fig 4.1 The Reichert Metavert reflecied polarized light
microscope.
4.2.2 Procedure
The mamplers, after polishing, are placed on Lhe atage

of the nicrnacnpg. In Lhe surface microscopy the pellet is
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rlaced horizontally on the stage =20 that the reflecied
polariced 1light from the pellet surface can enter inte the
objective.

Fuji color film is used in this study. An automatic
eXxposure time is programmed for the intensity of the reflected
light. Exposure time is varied by using the wvarious speed of
films. Different areas are chosen to see the variation of the
surface quality.

4.3 DTA apparatus

DTA apparatus consigis of a thin wall rafractory
specimen holder made of sintered alumina with two adjacent
cubical compartments of exactly the same size .01 m in length,
(fig 4.2) one for the reference |inert} material and the other
for the test material. The specimen hceolder is placed in the
cavity of the heating block, which 1is made of fine grained
refractory cement. This block is heated with a uniform heating
rate using an electric fnrnece {(9"H6"X9" deep), The input of
current intoc the furnace is secnred through the secondary of a
variac transformer, which controls the current. Fine
chromel-alumel wirtes (28 gauge] are used for thermoconple=. A
cold junction is used for thermocouples leads and the e.m.f.
is recorded almost continuously, while the temperature of the
inert meterial is measured at 3 minutes interval. It 1is
ezgential to use perfectly dry materials as otherwise errors
will be introduced in the =analiysis. Approximately 0.1g

anhydrous alumina is used in the reference cup and the sample
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weights varies over a range 0.05g to 0.125g, depending on
their packed density. A heating rate of 10 K per minute
{average)] of the furnace iz conveniently kept, and this gives
gsatisfactory results in most cases., A block diagram of DTA
apparatus is shown in fig 4.3.

The thermal analysis runs generally for i1 te 1.5 hours.
Thermal analysis curves are obtained by plotiing heating
temperature and the difference between the temperatures of the
test and +the referance materiala. From these traceg the
reaction temperature could be determined.

Melting and boiling peints are indicated usuelly by =a
sharp endothermic peak. The temperatures of sublimation and
decomposition were similarly given by exothermic peaks and in
gome cases, typical exothermic curves afforded useful
information about the structural changes taking place in the
material.

All experiments are run at atmospheric pressure in a
continuous flow of purified inert gas. Gases are normally
purged into the furnace chamber at the lower end through a
purification train in which ocxyden and water are removed by
heated copper wool and exhausted f{from the top inte a
caondensate trap for collecting the condensable veolatile
products.

4.3.1 Working procedure of DTA
When a zample and a standard inert reference materizsl

(e, Aluminium oxide, Alz03z) are heated or cooled et a



congtant rate at the same environment, their temperature
differences are measured as a function of time or temperature
{as shown by the curve in fig 4.4). The temperature of the
reference material, which is thermally inactive, rises
uniformiy when heated while the temperature of the sample
stops rising when &an endothermic reaction (e.g., fusion}
pocurs, because the heat supplied from outside is consumed by
the reaction or varies ﬁifferently due *to eveolution of heat
during phase +transitions or chemical reactions. And when the
reactiou is over, the sample temperature ia much different
from that of the ambient, and then the rate of increase of the
sample temperature changes rapidly +to catch +the Tate of rise
of reference material temperature. The temperature difference
AT is detected, amplified and recorded. The exothermic
and endothermic reactiens are generally shown in the DTA
trace as pogitive and negative deviations respectively from a
base line. 5o, DTA gives a continuous thermal record af
reactions occuring in a sample.

The temperature at the sample holder is measured by a
thermocouple, the signal of which is compensated for the
ambient temperature and fed to the temperature controller.
This signal is compared with the program signal and the
valtage applied to the furmace iz adjusted. Thus the sample
and reference materialsf are heated or cooled at a dezired rate,
The temperature in the sample heolder is digitally dizplayed

and is recorded on the recorder.
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4.4 D.c. electrical measurements
4.4.1 Heithiey electrometer

A digital Keithley electrometer {model 814 of
Keithley Instrument Inc., Cleveland, Ohio, U.5.4A.) is used feor
resistance measurement. The Keithley 614 elecirometer is a
vergsatile instrument which measures a wide Tange of d.c.
voltage, current, Te=istance and electric charge, This
electrometer can measure current ag low as 10-!%* amp. Voltade
gensitivity 1is 10;*? to 20V with an input impedance of greater
than 5x10!% Ohms. Resistance genzitivity of this model is from
1 Ohm to 2xi0il Ohms using the constant current technique.
4.4.2 Poliaher

A metallographic specimen polisher +type MSP-Z2 of
Shimadzu Scientific Instrument Company Ltd. Japan, is used te
pelish the samplies. CAMBIMENT special gilicon carbide grinding
paper with grit numbers 220, 400 and 420 are used.
4.4.3 Die

Die is the shaping unit of powder specimen. Die may be
aof different shape and size depending on the reguired specimen
dimensiocn. To prepare samples of regquired dimension, a die is
designed and fabricated as shown in fig 3.2. Two steel Dbars
of same diameter (.05 m} are used for the fabrication of the
die. A circular hole {female) of diameter .01 m and thickness
005 m is dug on te one of the bars using & lathe machine and
the other steel bar is cut to fit the inner dimension of the

female which acts as male. Two cylindrical bars of length



,005 m and diameter .01 m are alsc made between which sample
powder is to be placed for pressing.
4,4.4 Specimen chamber with an inbuilt heater

Specimen chamber and the heater are designed and
fabricated in the workshop eof Bangladesh University af
Engineering and Technology, Dhaka. A schematic diagram of the
chamber alongwith its accesscriea i2 gshown in fig 4.5. This
unit is basically consists of three main parts, namely, the
iron tube, the sample holder and the electric heater.

An iron tube having inner diameter of .06 m and of
length .3 m is used. The lower end of the tube is cleged by
welding a circular piece of iron sheet. At the upper end of
the +tube one flat iron sheet (.1 mx .1 m) with a circular
hole (diameter .06 m) at its centre is welded. Ancther iren
sheet with & hole of the same dimension is welded to an iron
tube of diameter .08 m and of length .05 m. A rubber gasket is
placed in between the two iron sheets. The upper portion can
be fixed to the lower partion by screws. The top opening 1is
closed tightly with a perspex stopper. Two copper leads
{electrodes) which hold the specimen holder, two leads for
heater connection and the thermocouple are passed through the
perspex =stopper.

A thick layer of mica sheet is placed on to the inside
wall and bettom of the iron tube for electrical insulation.

A nicrome heating coil is wound around the outer wall

of a pyrex tube of diameter .04 m and of length .1 m. The coil
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is covered with China clay. This heater iz placed at the

bottom o©f the specimen chamber and the heater terminals are
connected to the leads passing through the stopper. For this
experiment a Cromel-Alumel thermocouple is used.
4,.4.,5 D.c. resistivity measurement
4,4.5.1 Experimental vrocedure
(i) Direct method

4 Keithley 614 electrometer (cf: amc. 4.4.1) is used
for the direct measurement of reaiatance at different
temperaturef, For raising temperature, the chamber of the
specimen is heated by the inbuilt electric heater within
the specimen chamber. Resiztance is measured at every 0.1
miliivelt increase af thermocouple reading from room
temperature to 673 K depending on different samples. This
cperation is repeated for different samples. The

experimental arrangement is shown in fig 4.6.

, gy .
R R . ;
-
v

MOCEL &1

Modwigid !
@[] i © ont i

Fig 4.6{a) Constant current {k} Technigque for
method employed by measuring resistance
the model 614 >1011 Ohm
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fid}) 1-Y method

Since «clay is highly resistive, the direct method
of measuring the conductivity is not the best way ;n chooze
because in that case the +woltage across the specimen is
nat known. The Keithley electrometer is connected parallel tol
measure the wvoltage drop across the reziztance R. A conztant
current d.c. power =upply 1= uszed to =supply desired voltege,
Firstly, the voltage drop across the resistance i= recorded
by +varying the total wvoltage with the aid of the T.P.5,
From these set of readings +the wvoltage drop acrossz the
gpecimen 1= then found out by subtracting the voltage across

registance from the total +voltage and finzally the current

across the specimen is calculated by using the following

relation :
Y¥E
Ig = ———- T S I
Rk
where, VY& = voltage across the resistance (R])
R = resistance in series with the specimen
Is = current through the specimen

From these gets of data the various curves are drawn.
4.4.5.2 Precauticons

Precauticnary measures are necessary at every step of
any such measurement. First of =all it is ensured that the
chamber af the specimen halder is dried otherwise error would
be introduced in the readings. The sealing is checked from

time to time for +the confirmation that no moisture from
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atmosphere entered into the chamber. The measurements have to
be done carefully so that the specimen did not touch the bodyw
of the chamber., Heating is done carefully for the temperature
variation so0 that the rate does not exceed 0.4 K/min for
ensuring that +the temperature of the specimen and the
thermocouple are approximately the same. The chamber is
properly screened to avoid pick upsa. Continucus care iz taken
against any abrupt diasconnection of power supply.
4,.4.5%,3 Working formula

The resistance of the specimenz is obtained from the

data af the I-¥ method by the relation

¥s
I's = ———— ttttttttti14-itlrlrrrt;nlrr--------{_zj
Is
where, Vs = voltage drop across the specimen,
Is = current through the specimen and
rs = resistance of the apecimen.

Resistivity P is calculated from the measured resistance
of the sample, from the thickness of the specimen and the area

af electrodes by using the following relation

A
fpzrﬂt___ tttttttttttqi1--||--|-------------{3j
d
where, rs = resistance of the specimen,
d = thickness of the specimen and
A = area of the electrodes,

Then, the curves logia F v, 1/T K-! drawn.
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4.5 A.c. electrical measurements

Trangformer ratioc-arm bridge, a sudio-frequency bridge,
which is very convenient to use in a.c. measurements is shown
gchematically in fig. 4.7. This bridge wuses inductive ratio
arms to compare the unknown directly with standard components.
The voltage transformer is energised by an oscillatar
connected tc its primary winding and develops one voltage V)
between +the unknown impedance Zu and the neutral {earthed)
line, and a second voltage Vz, 180% out of phase with the
first, across the standard Zs. The currents 1 and Iz flowing
through Zu and Zs are then Vi1 /Zy and Vi /¥s respectively. When
these currents are egual they combine, on account of their
phase difference, to produce zero core flux in the current
transformer, and the detector indicates a null. The cirecuit
heg two big advantages: [a) impedances between the unknown and
earth merely shunt the 1low resistances of the voliage and
current transformers and de not affect the bridge balance, so
that long screened leads and guarded electrodes can be used;
{b) the wvoltage tgansfnrmer can be tapped very accurately to
obtain decade ratics, so that only a few standards are
required. The principal drawback is that full sensitivity is
restricted te the =smell fregquency range for which the

transformerz are designed.
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R70 78

Fig 4.7 A simplified circuit diagram of a transformer-
ratio-arm bridge.

Below about 20 Hz transformers become very inefficient
and more specialiged bridges are nece=sary. Below about 10-%
Hz bridge balancinek al=sc becomes a very alow busineas, because
the period of each cycle i3 so long that one has to wait a
jeng Lime after each readjustment of +the bridde +to see the
resulting chande in the amplitude of the cutput signal at the
delector., The fregquency range can be extended down +to abgut
10-4 Hz, however, by balancing Lhe bridge during just part of
a cycle using a phase-sensitive detector.

At high frequeﬁcies, brideges can s3till be used provided
that special precautions are taken to eliminate the effects of
stray inductances which become very large, but it is usually
better to adopt a resonance method abeve 10% Hz.

4.5.1 Instruments used for a.c. conductance and dielectric
meagsuremnent |

The a.c:, bridde used for the present meagurement i=s of

ANDOQ ELECTRIC CO. LTR., TOKYQ, JAPAN (Fig 4.8). Itz photograph
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is shown in {fig 4.8]}.

The whole system is composed of the fellowing units.
(i} Type WBG-9 oscillator (AS-TH182)

This apparatus is an oscillator suited for use as the
gignal source for a dielectrie lo=z measuring set. The
oscillator frequencies are 30, 50, 60, 110, 330, 1k, 3k, 10k,
30k, 100k, 300k, IM end 3M Hertz. Thig apperetugz ig used in
conjunction with a +type BDA-9 null detectar, far the
measurement an the begsis of eynchronous selection.

{ii} Type TR-10C dielectric loss measuring set

This unit is used for the wvariation of the capecitance
and conductance components transformer ratic-arm bridges are
mounted inside it for matching the frequency range.

(iii) Type BDA-9 null detectior
(iv]) Type TO-19 thermostatic oven [AS-20669)

This device is a thermostatic oven for messurement of
tempereture characterisztica of waricus dielectrics, which
provides variable temperature from 203 K {using liguid COz} tu
473 K. The temperature iz regulated by a PID controller. Alsao
thig device allows easy mounting of measurement electrode of
specimen with plug in facilities.

(v] Type S5E-43 electrode {(AS5-2064E5)

It is a three terminal electrode used for mounting +the

specimen. It is kept into the thermeostatic oven for connectiaon

of the specimen during meesurement.
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Fig 4.8 Electrical connections of dielectric lo=g
measuring system.

Eleclrical specificatlions and characteristics of ihe

dieleclric lozs measurind system:

i) Mensuring frequency ()
30 Hz=, 50 Ha, 60 H=, 1103 Hg, 330 H=, 1 kHz, 3 kH=, 10

kHz, 30 kH=z, 100 kilz, 300 kHz, 1 MHz, 3 MH=.

ii) Capacitance {(Cx )
aj Megpsurement range r 1 te 200 pf
19} Mipimum scale interval : 0.01 pf
cl Measurement accuracy : £3% al 15 pf and over 1%
for gspecimens having Lhe
thickness 0.5 to 1.5 mm.
1ii] Conductance {dy)

Meazurement accuracy

£{6% + £.3 x 10 1ém}



where f is the measuring frequency 4in kHz and 0.3 for any

fregquency below 330 He.

Fig 4.9 Dielectric loss measuring systen

{i} Upper left : Null detector
{it} Lower left : Oscillatar
{iit) HMiddle : Dielectric lo=me
fiv} Right : Thermoetatie aven
iv) tané\
n) Heasurement range

1 x 10-* te 1 x 10-!
Provided that tnns nhould be calculated by tnng =0x /Cx and f,
Cx and Gx should be in the respective rangesa shown before.
[+]] Heasurement nccuracy

+{10X + 2 x 10-* in terms of tnngl at £ of 330 Hz to

100 kHz.

v) Characteristice and requirements for sapecimena

a) Applied voltnge : 10V max, 1V min.

b) Thicknenn : 2x10-% bto 2x10-¢ m.
cl Temperature variable range r 203-473 K
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d) Temperature stablility : 0.5 K
The unit of the conductance has been changed from mho ta
Siemens (5],
4.5.2 A.c. conductance and dielectric measurement
4.8.2.1 Experimentel procedure

For a.c. measurement a transformer ratio—arm bridge
is used which hes been discussed in Bection 4.5.1. Three
transformer ratio~arm bridges are used for three different
frequency ranges. One is wsed for the measurement range from
230 Hz - 1 kHz, the second one is for the renge from 1 kHz - 1
MHz mnd the rest one 18 for 1 MHz - 3 MHz range.

Measurement on these bridges are made in the normal
manner, an initial balance known as zero balance is obtained
at each fregquency by trimming {without the specimen being
connected) and from the conductence ratic-arm the value of Ra
iz obtained. The specimen leads are then connected to the
bridge terminals and s final halance is cbtained by adjusting
the knobs in the conductance {Gx) arm and cepacitance [(Ox)
arm. The final balance iz Known a5 measuring balance. At
measuring balance position from the conductance ratio-arm the
value of R’ is obtained. Thug conductance Gx of the specimen
is obtained by multipl¥ing {R;—Rul by Gx. Simultanecusly,
value of the capecitance i= obtained from the capacitence
scale. This cepacitance value is required for dielectric
censtant and dielectriec less facter, tan E calculation. The

thermostatic oven 13 used a8 heating system. A4 particular
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temperature is maintained during the performance of frequency
variation measurement of conductance and capacitance. The sanme
procedure is followed for different higher temperatures.
Temperature is raised f[roem room temperature to 498 K by
adjusting the thermostatic oven.
4,5,2.2 Precautions

Frecautionary steps are taken at every part of the
measurement. First of all it is ensured +thet there should
not be any shoert circuit path. The chamber of the sgpecimen
holder is kept dry otherwise errer would be introduced in the
readings. Accurate zersc balance should be reached every time
gc that accurate measureﬁent may be abtained. The pointer of
the null detector should not turn more than 70 degree z=2o that
the internel amplifier become saturated.
4.5.2.3 Working formula

During the observations for different fregquencies of &
specimen A particular temperature iz maintained. The
caleulations are performed wusing the observed values of
conductance {Gx) and capacitance (Cx ) at different frequencies
and temperatures by the following relations.

For a.c. conductivity,
d
G‘;c=-;r Gx NG L B

where, Gx = conductance,
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For dielectric constant,

where, OCx capacitance of the specimen,

N

and for dielectric loss tangent,

permittivity of free space

Gx Gx
tand§ = ————- = ----—-- T
wix 21 fCx
where, f = linear frequency.






5.1 XRL analysis

The XED patterns of samples A, B, C and D are presented
in fig. E.1. These are represented respectively Ly
diffractegrams A, B, € and D. The 20, drx1, and the
constituent compounds are depicted in tables 6.1, 6.2, 6.3,
G.4 in appendices.

The XRD pattern of the sample A {(as collected BWC},
diffractogram A, shows the presence of silica, kaclinite,
aluminium oxide, magnesium oxide, potassium aluminium silicate
hydroxide, etc. Small amcunt of oxides of potassium, calcium,
manganese, sodium, etc. may also bhe present. PBecause of the
limitation of the XRD technigue to detect presence aof any
compound less than a few percent, these are net appeared in
the XRD pattern of BWC.

The XRD pattern of the sample B { washed BwC ],
diffractogram B, shows the presence of all the constituent
compounds those are present in the raw BWC but the peak
intensities of the different constituent compounds has wvaried
drastically indicating the change in the percentage
compoesition of the constituent compounds due to washing of raw
BWC. The major change occurs in the case of kaclinite and
silica peak intensities. It is observed that the kaclinite
peak inten=sity has increazed whereas those of siiica decrease

significantly.



The XRD pattern of the samples C {after heat treatment at
73 K of washed BWC), diffractogram C, gives the signature of
the presence af all the constituent compounds that are present
in the washed BWC. It is observed that there is a drastiic
decrease of the pesk intensities of kaclinite whereas the peak
intensities of gilica remainf?nearly same,

The XRD pattern of the semple D (after heat treatment at
1273 K of washed BWC), diffractogram I}, reveals the presence
of silica {quartz, low), mullite precursor, aluminium cxide,
f -alumina, potessiuvum aluminium silicate. Among these, mullite
precurscer and ¥ —alumina are the new phases appeared due to
heat treatment at 1273 K. It alse shows the absence of
detectable amount of keolinite, iron oxide, magnesinm oxide
and other ceastituent compounds.

The XRD analysis of the different samples revealed that
the amount of the main ingredients of BWC the kaolinite {7.03,
3.6 and 2.32 E] increases and that of silica (4.23, 3.32 and
2.44 i] decreages after washing the raw PWC (diffractograms A
and B). On heat treatment at 773 K (diffractodram C) and -at
1293 K {(diffractogram D}, the reflections for silica =still
persist in the form of quartz {low) whereas the ARD
reflections for kaolinite are sbsent in the finel product
thereby indiceting a major transformation of the kaclinite to

its high temperature phases ({(diffractogram D) such as
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meta-kaclinite, mullite, ete. Apart from these two phases, the
other constituents may alsc be present in small amount.

As found from the XRD analysis of the BWC samples A, B, G
and D (diffractograms A, B, C and I}), alumina (2.12, 1.44 and
1.39 4) transforms to ¥ -alumina {2.39, 1.98 and 1.3% &),
aluminium silicate {4.42, 4.34 and 1.44 i} persists as it is
in less amocunt in the final phase. Potassium aluminium
silicate hydroxide (9.61, 3.55 and 1.99 E] is not present in
the BWC after heat treatment at 1273 K. Potassium aluminium
2ilicate (4.15, 2.25 and 1.5h3 i} appears only in the 1273 K
heat treated BWC. It seems from the diffractograms that ircon
oxide {4.92, 2.53 and 1.48 EJ, magnesium oxide {2.11 and 1.49
;J decrease to below detectable limit after heat treatment at
1273 K.

Thus, it is seen from XRD analysis of BWC and its
- moedified forms that after 1273 K heat treatment a

metakaolinite and/or i -—alumina-mullite might have formed. A

seufficient amount of silica in the form of gquartz (low} 1is
also present. These kind of transformaticons in this
temperature reglon have been reported by several

authorail. 4,441,
H.2 DTA analy=is
The DTA traces of the samples B and C© {powder form! eare

gshown in the fig. 5.2. For compariscn a DTA +trace of pure

T2



kaolini*}! is also shown in the figure., It i= cbserved that an
endothermic peak is appeared at B53 K. Thiz endotherm i= at
lower temperature than that of the pure kaolin. Thisgs endotherm
may be due to the evolution of the water of crystallization,
i.e., the expulsion of water from mineral lattice and thereby
forming precurser metakacolinite material, This fact becomes
apparent from the DTA, a3 seen in the figure for the BWC
sample heat treated at 7793 K {(sample C} in which theredﬁs no
endotherm at 853 K. In fact it is our intention to do the DTA
study upto 1273 K but due to lack of instrumental facility it
could not be possible to do the experiment at higher

temperatures.

5.3 Polarizing microscopy

Microphotographs of different samples are presented in fig
h.3. It is observed +that the surface structure chaudes
siguificantly on washing, heat treatment and pressure of
pellet preparation. It ocan be seen that porosity in the
pellets decreases with the increase of pellet preparation
pressure., It is clearly seen that formation of clusater results
due +to heat treatment at higher temperature. This may be an
indication of decomposition and some structural change that

might have taken place in the BWC,
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5.4 D.e. electrical measurements

Te perform any electricel measurement on selids, it is
necessary to make good electrical contacts (noen-blecking
contact electrode! because the electrode-material contact
rlays an important role in understanding the material
properties. In this purpose at the out-set, the I-v¥
characteristics are studied and the results are presented
below.
£.4,1 Current-voltage [(I-V) chareacterizstics

Since all the samples show similer behaviour, a set of
representative I-¥ characteristic curves for sample D for
pressures 20060, 3000 and 3500 psi and temperatures 303, 373,
423, 473 and 523 K are presented in fig 5.4. It is observed
that the I-¥ curves fit to a relation I = ¥V0, where n is the
power facter. It iz seen that firat three temperature curves
have different slopes at low, intermediate and high voltage
regions while there are twa different zlopes in the rTemaining
two higher temperature curves far 2000 and 3000 psi samples.
But it 15 pbserved that there are only twe different slapes
for all temperatures in 3500 psi sample., The n values for all
the samples are depicted in takble B.1.

Frem the n values, it is seen that the low voltagde
region is Ohmic and the intermediate and high veltage region

follow a square law and a I V! with traps respectively. It is
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Table 5.1 : VYalues of power facter n for sample D

423 K i 423 K

pai
: 0.95 ! 1.46
2000 ! 2.16 ; -
: 3.22 : 3.22
: 0.70 ; 1.42
3000 : 2.30 : -
: 3.01 : 3.01
: 1.46 : 1.46
3500 ! 3.23 : 3.23

geen that the Ohmie region is not present in the high
temperature curves of 2000 and 2000 psi samples. There are
elaoc two slopes over the voltage range employed for all
temperatureg 1n the 3600 psi sample which correspond to  the
region containing traps. The above resultis suggezt that the
space-charge-limited (5SCL} conduction iz operative 1in these
materials=s.

At low voltages the I-¥ characteristics are Ohmic which
may be related to adscrbed water, water of crystallisation
etc. Over the intermediate and high wvoltage ranges the S5CL
conducticn may be due to the higher concentration of the
injected free carriers than that of the carriers!%%! due to
the presence of water in the clay, the amount of which can hbe
changed or expelled by heat +{reatment or application of

pressure. It is clearly seen that temperature affects the 5CL
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conduction behavicur which manifests the presence of the
shallow traps in the material. Porosity plays an ioportant
rale ipn deciding the concentration of the trap centers with
ather kinds of centers in a material. The absence of the Ohmic
ragion in the 3500 psi sample may be due to less porosity (low
trappind center} cumpareddjﬂ-. that in the less pressurizced
gsamplest‘?, resgulting higher concentration of free carriers
than that of the carriers related to water in the material
even at thes low voltages.

In fig 5.5 shown are the 0 ae vs. voltage curves of the
sample D for different temperatures and different pressures.
It is observed that ﬂJdc varies exponentialiy with the applied
voltage in all the samples for all temperatures and pressures.
The variation of aec with applied voltage increases
progressively from low to high pressure samples. These
chservations also suggest that porosity decrease=s with
pressure. |
5.4.2 D. c. electrical resistivity

Generally c¢lay absorbs water and fhat affects the
electrical properties. To see the effact of water, d.c.
resistivity | fadc} of sample I (pressures 3500 psi) CI-'__?:‘
measured for three successive eycles. This is shown in fig.
5.6, It is observed that after the first cycle of the

measurement the resistivity of the sample becomes almost



stable with higher resistivity and on further heating no
appreciable change in the resistivity is= neoticed.

It is found that the room temperature resistivity is
higher for washed samples and increases on heat treatment from
1tt teo 1012 Ohm-m. The effect of pressure of pellet
preperation on the fodc is found to be z2mall.

The d.c. electricel resistivity, /adr:. of ali BWC
samples is measured over the temperature range 300 to 673 K.
The plets of log-‘gdc againzt 1/T are shown in {fig. 5.7. A
comman feature is observed in all the curveg. It igs seen in
these curves that there iz an initial decregse in the fgdc
upto 313 K in samples A and B and upte 323 K in samples C and
[ and then starts increasing upto 3B3 K in all the samples and
efgain !D decreases with increasingd temperature.

The initjial decreaze in JP may be due to the motion of
hydroexyl i1icons and other species present. This initial decrease
and then rise of electrical resistivity is a behaviour eof
g2olid electrolyte. The increase in x? above 313 H may be
attributed t¢ the compensation effect between evaporating
absorbed water molecules and the migratory ions and/for
electronz, }.e., the hydroxyl lon source decreases drastically
as water molecules evaporated out. Above 382 K the decrease of
with increasing temperature may be due to the increased

movement of advantitious ions and / or electrons



RESISTIVITY (DC } OHM -Mm)

TIK}

I3 B7T3 BOG 383 303
j{») i | " :
f)
[
(]
.
0l ‘ ™
y | _
L # |
A
— % — 13f Run
—— p—2nd Run
i ' — »—— 3rd Run -
|QH L L I i
- 20 23 LS N) A5
k! _
F 10" VK ﬂn

Fig- 5,5ﬂ“ 0t Renstivity v ersus ﬁnuru temperoturs of waahed and 12T3.K

hwat treated sample u. {3800 J

b



RESISTIVITY (OHM —M} ——»

TIKY
673 = a L 383 L]
T I 1
ozl _/ ~
_ / _
B -
2000 .
~ L] —~
3000 . b
£ ]
3%00 |
g
iﬂn | 1 1 1 | R
0 (% Al 23 30 ¥a

|
+ix10% Kk b—

Fig. 5-7(8] Resimhvity

¥ersus inversa temperaturs of row (ancollecied) sample-



673

TIK}
500 -¥83

RESISTIVITY {OHM—M? =
& _
(]
}

1 1 1

Fig. 5:7(b) Resistivity

, 20 2'8 20
Liidik™—

varsus inveras ‘tempiratury of woshad

somple -

25



LOHM —M ) ——

RESISTIVLTY

TOX)

673 - A B3
T 1 b
12
10 f— -1
" 4
8 4
12
0 = =
H i L 1
ib L) 20 za ¥o0 ER
| ( k] =1
T(xIg Kk —-

Fig.3 7(e) Rusiativity weraus

freated wampls.

inverse temparature of

wortmd and 773 K haat

Fl



RESISTIVITY {DHM- M) —  ——

673 =0 T 33 . 303

I3
g = —1.

- 2 000
el

3000
psi’

3 B0 N
psi

L I i |
1.0 -5 20 2% FO a-3

f -1
" KT ——

Fig . 57047 Reustivity versiz inwrse temperchure of washed and 1273K heat

tregtad sample-



within the bulk of the material.
it 1is geen that the curves fit to a straight line over
the whole temperature range above 383 K for samples A4, P and C
whereas, in sample D, there is a considerable deperture from
gtrajight line above 5§00 K. The activation energies are
calculated from the slopes of the straight lines of lugfo viE.,
1/T plots. The wvalues of fﬂ , obtained by extrapolation of the
1ogfa - 1/T plots to 1/T=0, are of the order of 10-1? to 10-4,
TABLE 5.2 : Activaticn energy Er 1n ev and pre-exponential

factor /ao in Ohm-m.

Samnpie |Temperature; Pressure ! Pressure | Pressure
irange in K | 3500 psi 1 3000 psi V2000 psi
|

=1
=
SN
=
=y
=
3N

Washed |
and :
haeat 1 373 - 673
treated |
at 773 |
K- c i
Washed ' ' i ' ' :
and i 373 - 823 10,225 Tx10-19 10,197 Bx10-49 ({3,181, 9x1{}-4¥
heat : : ' i ; i i
treated ,---------------------------- = ——————_———
et 1273 | ] d i i
K: D ! 523 - B72 '0.497!6x10-% 10.411!2x10-% !0.375!5x10-¥
] F 1 1 F
] ] 1 ] ]

1 1 1 1
1 1 1 1
: i i i
0.226{4x10-1¢}0,211}5x10-4%{0.199]6x10-+u
i : i :
] 1 1 1
1 1 1 1
F 1 1 1
' 1 1 1



The activation energiezs and the pre-exponential fectors of all
the BWC samples are summerized in Table 5.2,

The observed temperature dependence of resistivity and
the activation energy calculated from Arrhenius plot suggest
that thermally activated hopping conduction of carrier hetween
localizged state mey be operative in these materialzs, However
the nature of Gdﬁn variation with temperature for sample D is
indicative of the +variable-range hopping conduction of
carriers between localized state.

5.5 A.c. electrical measurements

The a.c. electrical measurements are performed on washed
BWC (sample B}, BWC {washed) heat treated at 773 K {sample ()
and BWC {washed) heat treated at 1273 K (sample DI}, prepared
with 2000, 3000 and 3500 psi prezsure. These measurements are
carried cout on all these samples at temperatures 298, 323,
348, 373 and 393 K for the freguency range 104 to 2xi0¥ H=,
The=se rezults are discussed in the following sections.
5.5.1 A. c. conductivity

The dependence of Fae  on frequency at different
temperatures for samples B, C and D are presented in figures
5.8, 5.10 and 5.1% respectively. However, for one of the
samples, sample D {3500 p=i), measzurement is extended upto 243
K.

It is observed that 0ac - log f curves for all the
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gamples have similar feature. The variation of ™ac with log f
for all the samples at different temperature fits +to a
relation F#(Q} " with n=0.05 to 0.1 below 10G» Hz and n=G.4
to 0.9 above.

In sample B it is seen that the value of n in the higher
frequency increases with the increase of pressure., In sample C
the effect of pressure on the variation of Tac with frequency
for different pressures is not significant. While it is more
significant in sample D, resulting higher value of n with
increasing pressure in the high frequency region. It is
further to be mentioned that at Jlow temperatures, the
variation cfﬁac with freguency followed the same trend. It i=
apparent that the curves appear tobe flatten with the increase
of pressure in the lower temperatures.

The wvariation of ﬂfnc with inverse {femperature for
frequencies 1 K, 3 K, 10 K, 30 K, 100 K, 300 H, 1 M and 3 MH=z
for samples B, C and D is shown in figures 5.9, 5.11 and 5.13.
The decrease of the Fac with temperature may likely to be due
to the adsorbed water in the peres of the material. This
adzserbed water acts as a source for the {OH)- groupz and this
OH ion compensates with clay cations as temperature increases.
5.5.2 A.c. dielectric constant

The dependence of &’ on freguency at diffarent

temperatures for eamples B, C and D are presented 1in fig.
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5,14, 5.16 and 5.18 respectively. It is observed thatéi-lng f
curveg for all the samples have s=similar features. The E’
decreagzes sharply in the frequency regicon upte 30 KHz and
decreases slowly =zbove. It i=s observed that the rooh
temperature ér is more for the sample D, i.e., EF value
increases on heat treatment at higher temperatures. The effect
of pressure i= to increase the ér value by samall amount in the
respective samples. However, for sample D (3500 psi), the room
temperature Er value is cbhserved less compared to that of the
other =samples. The interfacial peolarization is less sensitive
to rapidly changing electric field at higher frequencies which
leads to a decrease in éfvalue.

The dependence of €' with inverse temperature for
frequencies 1 K, 3 K, iﬂ K, 30 K, 100 K, 300 K, 1 M and 3 MH=
for sample B, © and I is shown in fig. &.15, &5.17 and 5.19
respectively. The general trend is to decrease sharply the E’
value uptc 350 K and above this decreases very slewly. Since
all +these curves ncoc downward infleetion ig exhibited. This
experiment is extended upto 240 K for sample D {3500 psi). It
iz seen that even at low temperature Er value continuses to
increase. This could be due to presence of adsorbed water in
the capillarieg within the clay. The decrease of 51value with
temperature may be due to the neutralization of the opposite

charges constituting the dipoles thereby decreasing the number

g1



' |'“'T-'r"l"r'1"l[ LA B L L 1

— e —FOgg
— o — 323
— ¥ —34B8k
—® —373k
—¥—3858k

II:||||| i

(o A W T SR AL

!C‘."‘" 0

Fig- 520[a)tan 5 Yersus fregquency

temiparaturen.

FREQUENCY { ({Hz} ——w

for washed wompls { pressure 2000  psi bat

" —

L
tan él

Fig E'EI{G}tunSVurmtinn as o fancthn of

¥

+-x16% 1k —

(presaure 2000 pal) ol different frequencies .

>3

differant

Invery ¢ tamperafurs for washad ampd e



T -|||||-|-|-'| T T =T T¥ 17T T T LI BB B T

FREQUENCY f{Hz2 } —r

E-Emnng Varsus fraquency dor wosed somple (pressurs 3000 pal) at oif ferent

temperotures .

138 373 08 223 293

L{ I
TIX0 ) K ——

Fig. 5'29:bifun‘$ Variatian as a -foxction of Invarse tempercture for washed sample

{ pronsure 3000 pi ) atdiffermt  fmquenciss .



T {K)

T | I A i T T T TT1TT7TTT, T Ill'lTr] | |l1|[|j

] 1Ii|l|‘

| Illlll

IG‘E ] lJ1LIIIi 1 Loyl ] |:|-||.! t | A T T

TR 10 10 I
FREQUENCY 1§ Hz) —»
Fig.520{ ung Versus frequency hr warhed sampls ( eimure 3300 psi ) ar ditfarent

sample { pressurs 3300 pail at different frequencies.

fremoeratureas
=
. H
s - |
> T ¥ 8
7 N "o
=) .
A &
[ |
[
=
E
m"_ - ™
o 13
=
L |
»
[w] »
rh_[ z
™ %
. g
ol m
L e %
= £
i -
I
=
[ ]
-]
ol 3
" 2
=
-]
-
Cany
=
' kS
i
R o 2
[l o . N
“ e
e




| [0 TTHIT 1 [ T T T [ I|II|I|E T TTTTT

~— 80— 288 K

L1

—o0— 3 23K _
—_— JABK —
—g— ITLK .

—— 358 ¥
r—]
|

[ ]

“53 I S I I 4 L1 |I||||,l | I 1 L | 1 at]d
103 o 107 10% |

FREQUENMCY f{ HZY —

Fig 5-22{.;.”“& Varzus freaquancy for washed ond 77IK heot treated Sample (Pressure 2000 pail
at differant ftemperatures -

. T(K) :
398 ¢ a3 z46 . asx . 208

—— — [ —
—— L P J;aggtsa:
e — _

___——"""_FH / JM
_._'_'__'_'_'___,_.—'— ._'_'_'_'_'_,_,_,-'-"f //M

e

- #___Lff g )
e

?

. |
2:5 ¥o >3

+oudh et

Flg- 5-2%{0)tan 5 vartation as a functlon of {nverss famparature for washed ond TTI K
hect freated somple [ Pressure 2000 psi) at diff erent froquentiex




T LAY T T T Iirr] T T ] T T TTTT
—e— 296k ]
|0ﬂ _D_-323k -
—
—X—3409 k 4
-
—e — 373k 7
’» — % — 398k 7
tﬂ \\
=
= ICJ_'i_—~ —3
=2
19 | Lol ] Lol || !lHil[ ] [ R '
o3 ol 103 108 o’
FREGUENCY ffHz} —==

Fig '::-Ezlb}lh‘.‘rné‘ Wargus frequency for
tampardatures .

37y

difierant

ki)

woahed and 773X heat treald somple {Pressure 3000 pail ot

L

348 323 298

tan é" ——

-2

1

25

Fig- 523(bitan 5 Verlaten aos

s 0 33
$ a0 el
a function of inverse temperature for washed and 773 k heat

treoted comple { pressure 3000pei) ot dfferent Maquencies,



I N R f r'lllllli- T T T ITr0] T [~TTTTT]

— 0 K T

—o—323 k |

—X— 348 k -

— e — 373k 1

— %—398 k i

— — E
‘ \ i

I'f.;z-—.—L-._J_l_l_lllll Lt IIII.II| Lo it 1 1 hitd
103 o? 103 108 107

FREQUENCY 1 (HT}———

Fig 5~22t¢}tunc‘:" Versus fraquency for washad oné 773 K heot treatd somple (pressurs 3500 pail at

differant temparotures .

-
-
bl
S
- -]
. m v g
Hr [ — P&
[y gh
=
x ’:
= i
. .EE
-
=
" 3 .
B e
o L
B
) o o
: g
-
=
> o s "
x m g =
| ol IEE
—_ [ ]
[ -~
5 zu‘ﬂ.
E_ n 5 e
x ¢ @
- 5§ &8
4T
(=]
-
-
‘]
2 § =
— —
o] o -
.:E
5 £
N
m
5 &
E , 0 £
L . Af !
v A
[Ty




(Kl

tan g

6% S N A

it

L T T ] llllll[

ool vl

— & 258K
—a— 323k
—X— 348k
— e —373k
—— 308 K

i | I Lallt

IT

lIIIEll

I-IIJJII 1

W

4

T 1o°

FREQUENRCY f (Hz)-——™

7
10

F]q:rEﬂﬂung versus frequency kr woahed ond 1273 K heot tmated sampis (prexsurs 2000

gsl } ot different temperatures,

258

373
!

323
|

348
1

30

-J,..txm'-"} P

39y

33

sampie {pressure 200003 | ot different frequsncies,

Fiq‘.ﬂiﬂdiung Vanation asza function of rwams temperature for weshsd and

12732 K hoat freotwd



] T LT B T I1III-III‘ T L]

| |ri|1|

———
i

I[llI.][ I T

—0 - 298 k

—— = 323 k

—¥X— 348 k
—O—373k
—#— 338 k

T I-IIIFFE

1t|l|||| 1 |l|||||| ] 1

L 11111

|I|||l

Lot

L

E L L
HJ!- 4

10 =

K
FREQUENCY f (Hz }—

S

W’

,.—,,;_5,24{“1“5 Yersus fraquency for washed ond (273 X heot treated swmple (press ure

3000 pal ¥ at diterent fempaertores .
o T [T T 1 Ik :: s

m - ] -

o B s
2
a
.
[+
c
J-

"

'.-"3";\'_ * .
]

-

=

o _ -

—_ e o
x g
-

- =
e 2

= 2

g L 3
]

-]

=

2

=

-]

ol ! -

[

m qﬁ
=
hd
o
a3
o
vy

' e 1 ™ . N

ﬁ_._ I 1 "oilll 1 1 1 [ — &
& b . IQ

samph [ pressure 3000 pail

woshed and 1273 K heat freatsd

froquencims—

at different



T T T T 11T T T T T T TI1T] I T II'T'FI'I[ L] i T T TTTT

—p-—243k
- 0—2%3k -— X— 283k
— 5 —27Ik — W — 298K

— A—323k —p—348k
— 7 — 313k — 22— Bk -~
-

g2 Lok ool Eotovs il I N A N ’
v

105 Trad 10

FREDUENCY { {H2 | —

Fiq5~2q{¢nun§l‘ﬁrw: fargquency far washad ond 273 K heat traoted un}plaipﬂnuu 3800

P Y at different Bmperatures.

L4
"
I~
™
? _ .o
N !“IIHJE] I 3 & .
M M
) Ex:I o =2
- B3 = £ 2
o 2 < - £ ¢
' m m 3
I I T
8 *'ﬂdb :
RN 5 =
™ r 4 -
E N 5
- [ )
% mtf T T 5 ¥
- I_t_':,i = =
o = o o - g T
= L - ) !_'ﬂ
o~ [ I £
ko a 3 = = 731 .-ﬂ-
= I R I . T
=.-.
o E o
- T,
ol 'ES
T*_n
X 0 0
g.:
g =
[t} Woum .
o —u
™ —+5 a
.‘-u
s o w
.ﬁ E
i ]
T
il -
o o
o
-
G
= a
& B
F‘ﬂ-l_ -
" .
-
g
o 2
&t 0
™

Fig 323%{c1 fan ff



of dipolea in the material with the increasze of temperature.
5.5.3 Dielectric loss tangent

The variation of tand with frequency at different
temperatures for samples B, C and D 18 presented in fig. 5.20, 5.22
and 5.24 respectively. The general trend for different temperature
curves is to decrease with the increase of frequency. It is
apparent thakt steepness of the temperature curves increases
significantly on heat treatment at higher temperatures in the
recpective samples.

In sample B, it is obeerved that the temperature curves
becoms steeper on going from low pressure to high pressure samples
at all temperatures. In sample C, all the temperature curves are
steeper than those of sample B. And there is not much change in the
gsteepness of the temperature curves for the different pressure
gamples. In sample D, it is seen that curves become much ateeper up
to 200 KHz and above this, the temperature curves tend to hecomne
flatten.

However no relaxation peak is obhaerved in any of the samples.
Because of this the experiment has been extended to low temperature
{243 K}. But no loas peak is choerved.

From all these curves, it is zpparent that relaxation pezk
may oaccur at low frequency and high temperature or at low
temperature and high frequency. Az no peak is observed in the

temperature curves the tanb iz plotted againet inverse
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temperature for frequencies 1 K, 3 K, 10 K, 30 K, 100 K,300 K,
1 H and 3 MHz for the sample B, C and D and is shown in fig.
5.21, 5.23, 5.25. The ’c.a.n.cg\L decreases with increasing
temperature in all the samples. The relaxatiaon time T is long

at the lower [requency and ﬂhcrtﬂ in the higher freguency.



References
1. Patrick 5. Nicholson and Richard M. Fulrath, "Differential

Thermal Calerimetric Determinaticn aof the Thermodynamic

Froperties of Kaclinite,” J. Am. Ceram. Soc., 53 |51 237-240
(1970}
2. Akshoy Eumar Chakravorty and Dilip Kumar Ghosh, "Syntihetic

and 880YC Phase Development of Some Mullite Gel,” J. Am.
Ceram. Soc., 7 |4] 878-987 (1888)

3. D. X. Li and W. J. Thomson,” Mullite Formetion Einetics of
a Single Phaée Gel," J. Am. Ceram. Soc., T3 4] 964-969 (1990
4, R+ C. Mackenzie, "The Differential Thermal Investigation of
Clays,” Hin. Soc., The central press, London (1557)

5. "DTA trace of 100% pure keolin" collected from Banglade=zh
Insulater and Sanitary Fectory, Mirpur, Dhaka

6. W, Lampert, Rep. Frog. in Physiecs, 27, 329 [1964}).

-

i+ A. Rose, Phys. Rewv. 97, 1538 (195h5).

B4






6.1 Conclusions

fi} The XRD analysis of BHBijeypur white clay [(BWC)
reveals that it is possible to remove a major part of silica,
metal oxidegs end other impurities by washing.

{ii} On heeat treatment, as has been seen from the XRD
aneiysis, at 1273 K the washed BWC transforms to a compound
containing metakeolinite and/or f =~ alumina, mullite.

fiii} The ©DTa experiment reveals that precurser 1o
metakaclinite is Formed after evoluticon of water of
crystallization on heat trestment at 853 K.

{iv) The photomicrographs man¢fest the formation of
clusters of different sizes on heat treatment. It 1= also seen
that the porositvy decreases as the pressure of Pgﬂiet
preparation is increasged.

{v) From the I-¥V characteristic it is evident that space-
charge—limited conduction is operative in this material.

{vi) The d.c. cenduction mecheniam, in this material, may
be thermally activated hopping of carriers between localized
states. ©On heat treatment ch increases from 1GiL  te 1{04¢
Ohm-m.

{vii! In the dielectric study it is seen that dielectric
constant increases with heat treatment, The relaxetion process

with Iong T is operative in this material.
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6.2 Suggestions for future work

In the present investigation, it 1s =seen that a
gufficient amount of silica remains in the waghed BWZ. To use
BWC as kaoliniie material, it is important to remcove silica as

much a% possible. To do this, other methods are to be devised.

S5ince, kaolinite materiels are used in different
purpases, such A insulater, at high voltages and
temperatures, it needs to investigate the structural

tranaformations due to heat treatment at higher femperatures,
i.e., above 1273 K. This structural transformation changes the
overall electrical propertieg of BWC. Alternatively, the
effect oi heat +treatment on the electrical properties is
related to the ztructural transformations on heat treatment of
BWC, |

Therefore, it is impertant to wash the BWC by other
methods to bring the =ilica content to a minimum. After
washing, the washed BWC zhould be heat treated above 1273 K.
The DTA must be taken to higher temperature to observe
posgible changes. It is se2en that absorbed water affTects the
electrical properties. 5o, it is suggested +that all the
measurenents should be performed in vacuum,

it is observed that the relaxation process is very slow,

i.e., the relaxation time is long. Therefore, the measurement

g6



should be extended from very low frequency +to very high
Irequencies and from low temperatures to high temperatures.
It is alsao ilmportant to see the effect of radiaticon on

the electrical properties of the different heat treated BWCa,
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TABLE 6.1

28, dnx1 and the plane of reflections
of different constituents of raw sample
{diffractogram A)

L ———— e e B e ke

28 ! dnhrk1 ! Kacli-) Sili-| Alumi-~! Iron |, Magne-; Potasium
in ! in ! nite | con | nium ; oxide| sium ; Aluminium
degree; A i ' oxide] oxide | | oxide | Silicate
i i ; i ) ! ! Hydroxide

ez ez 5 11t eor
2.6 1 703 1 o001 & i+ 4 &
a0t aea: 1 4 a3
2000 444 1 10 1 5 1%
iz eas 1 4
Tas.0 b 8.6 1 o0z 1 1+ 1+
T26.8 § 8.8z 1 . 101 102 i i 1 oz
“as.2 | 2,58 130 ;& 103 § 811 3 201
Ti6.8 1 z.a4 ¢ 1104 & ze2z; 1t 113
“38.0 1 2.a7 ) o003 @ 10z 11z i i
40.3 1 z.24 1 1 1 o0 & 31
0.6 1 z.22 3 20l & 111 &+ 1 20
“azie 12111 i 2003 202 i 400 i 200 i zoz
T46.0 1 1.06 : za1 ;i 201 1 & i 228
s0.2 3 1.2 | oo4 ; 008t | 4z2i i
T55.0 1 1.67 ! 150 | =202 i 204 i & 1 o006
80,0 § 1.54 @ 114 1 zi1i 213 & 1 1 sz
T62.4 1 1.49 1 060 §  t i 440 220 ;
6.2 1 1.45 1 3s0 : 1 =05 { 1 1 22
"87.6 : 1.30 | oez i 212 | 220 i i i 225
Tes.4 1 1.96 1 4 104§ i 44 -
Ta.6 1 1.28 1 doz 1 1 1 833 811 i 40l
Tis.e | t.24 1 soz: & ezt i
0.0 § 1.20 1 1 =213 400 ¢ 1 22z !

e e i T e —— —— — . o e e i Sl AL L e —h e SR e e e
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TABLE 6.2

26, drnk: and the plane of reflecticnsa
of different constituents of washed
sample (diffractodram B}

20 ! dhk1 | Emoli-} 8ili-, Alumi-; Iron |, Magne-, Fotasium
in | ' mite | comn ; mnium | oxide] sium | Aluminium
degree | ; | oxide! oxide | | oxide | Silicate
‘ d i ' ‘ i | Hydroxide

ez tean: 4 4 4+ h eor
iz.6 f 7003 o0t ¢ i+ 4+
18.0 1 483 1 &4 4oaay 4
T20.0 1 d.ad | 110 i+ 4
1.2 4153 ¢ ool & &
“25.0 1 3.56 L o0z {1t
"26.8 § 3.3z ;i 101 10z i 3 1 o002
35,2 1 2.53 | 180 ! | 103 | 311} 201
36.8 { 2.44 § ¢ 110 i 2223 111 i 113
"38.0 | 2,37 ! o003 | 10z} 112 {  {
40.3  2.24 {4 i o004 3 4 i
40.6 § z.22 3 go1 § wii: i i 1 220
“42.8 { z.11 0 ! 200! 202 ! 400 | 200 | 202
46,0 1 1.96 3 221 | o1 i | . 3223
0.z ! 1.82 ¢ o004 i 003  } 422}
'55.0 | 1.67 { 150 | 202 { 204 ! i i 008
60.0 § 1.54 § 114 { 231 { 213 i | i 312
62.4 § 1.49 1 060 § i i 440} 220 §
6.2} 1.45 | 33 | i zos i . | 326
7.8 : 1.38 § o062 | 212 | 220 | i 225
684 1.36 1§ 104t ot 1
73.6 ; 1.28 §{ 402 ! ¢ ! 533 | 311 i 408
15,8 3 .26 { i 02 { i ezt 1
'80.0 ; 1.20 { i 213! 400 { i =222 |



TAELE 6,3

28, dnx: and the plane of reflections of
different constituents of
heat treated at T73 K (diffractogram C)

washed semple

Iran
oxide

Potasium |

Aluminium)|
S3ilicate |
Hydroxide|

28 | dnx1 | Kaoli-| S5ili-] Alumi-
in | ! nite ; con | nium
degreeE i i nxidei oxide
b I ; )
9.2 | 9.61 | | :
12.6 | 7.03 ; o001 | i
20,0 | 4.44 ; 110 | ;
21.2 ! 4.15 ! , bo101
26.8 | 3.32 | i 101 | 102
35.2 | 2,53 } 130 | { 103
36.B ! 2.44 | boo110 |
43.3 | 2.24 | ; 1 004
40.6 | 2.22 [ 201 ; 111
42.8 | 2z.11 | I 200§ 202
46.0 | 1.96 | 221 | 201 |
50.2 | 1.82 | 004 | Qa3 |
55.0 { 1.87 ; 150 | 202 [ 204
60.0 | 1.b4 | 114 | 211 | 213
64.2 | 1.45 | 330 | i 205
67.8 | 1.38 |, 062 | 212 | 220
68.4 [ 1.36 | : 104 |
73,6 | 1.28 | 402 | :
75.8 |} 1.24 i 302

B}



TABLE 6.4
28, dnx1 and the plane of reflectiona of

different constituents of washed sanple
heat treated at 1273 K (diffractogram D'}

26 | dhr1 | Siliecen | Alumi-} Mullite :}?—Alumin&: Potasium

in | oxide ! nium | : { Alumini-
degree | i{Quartz, | oxide | i I Silicate

' 1 low) d ) d i

21,21 4,153 100 f 11 [ % i 301
26.8 { 3.32 ; 101 i 10z | i { oz2
36.8 { z.44 } 110 ! | 130 { a1l | 151
40.3 {2,244 | o0& | 1 222 | 382
40,6 ;222 ) 111 ¢ | 1a1 { 1} 330
s2.8 {241} 200 i ¢ 3z % doz
46,0 1 1.96 { 201 i i 221 i 400 | 222
50.2 1 i.827 002 i : { 330 [ i 7304
60.0 1 1.54 ¢ 211 ;=213 { 381 | 511 | 833
67.8 } 1.08 { 21z | 20 {1 40 |

Note : The hkl valuez of different compounds of BWC are taken from
Powder Diffraction File Sets ({(published by the Jaoint
Committee on Powder Diffraction Standards, Volume 1-32,

USA, 1880).
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