Abstract

This study is carried out to investigate the pabsibof using Iraqi
clay; Duekhla kaolin as filler in the paper indydty reducing the percentage
of iron oxide, titanium dioxide, and free silicau€khla Kaolin containe about
1.7% iron oxide, 1.2% titanium dioxide, 51.16%icen dioxide, and 12%
free silica. The existence of these oxides in kaddi undesired in paper-
making. The process started by washing Duekhlaikawith (4N) HCI to
remove all the soluble oxides which are not reqlire paper makingThe
washed kaolin then separated using filter papets uader a sequence of
operations of dilution and filtering until the pHvalue become 5. The
separated materials then dried at temperature #1gé °C for 3 hours, and
the dried powders then milled using ball mill ofrgelain body, with
different sizes of spheres, for 5 hours. Finallg frowders ofDuekhla
Kaolin sieved with a sieve of gbn.

The sedimentation method is used for the separaifothe above
mentioned oxides from clay by using sodium phosplaat dispersant agent.
The viscosity parameter of the mixture was studiader the effect of the
dispersant agent, and it was found that with tleesiasing of added dispersant
agent the viscosity decreased to a minimum valueclwhs equal to
0.31dyne.crfisec, after that the viscosity increased with itiereasing of
adding sodium phosphate. The study performed; dkpgron the minimum
viscosity value corresponds to the dispersant airadahed.

The zinc hydrosulfite was used as a bleaching agemsecond step for
removing the undesired impurities which implies raose the brightness
degree of kaolin Duekhla as a result. As a restilthese treatment, the
undesired oxides are reduced from sampi®yGthe following percentages;
(73% of iron oxide, 91% of titanium dioxide, 15% sificon dioxide, and
50% of free silica removed), the results of thisdgtreveals that the oxides



percentages decreased from (1.71% to 0.3% in ixahep1.2% to 0.09% in
titanium dioxide, and 51.16% to 39.7% in silicoroxdde). The crystal
structure of kaolin did not change after thesetineats to decrease the

percents of impurities in this clay to be usediléex fin the paper industry.
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Chapter one General review

1-1 I ntroduction:

The term kaolin is coming from the chine's word lkkawy meaning
"high ridge" from which clay originally came frort.is white, soft powder
mainly composed fine — grained plate — like pagsclKaolin is formed
when anhydrous aluminum silicates which found lddpar rich rocks, like
granite are altered by weathering or hydrothermatg@ss1]. The kaolin
clay consist of three types of minerals: kaolinDekite, and Nacrite, the
main mineral typen the Duekhla kaolims kaolinte minerals made from the
dissolution of the acidic fire clays by the weathgrprocesse$2]. The
structure of kaolinite is composed of a singlecailtetrahedral sheet
and a single alumina octahedral sheet combinedunitaso that the
tips of the silica tetrahedrons and one of thersy# the octahedral
sheet form a common layer Fig. (1-1). All the tipk the silica
tetrahedrons point in the same direction and towaedcenter of the
unit made of the silica armttahedral sheef8]. Only two-thirds of the
possible positions for aluminum in the octahedhrsdet are filled, and
there are three possible plans of regular populatibthe octahedral
layer with aluminums. The aluminum atoms are cargid to be so
placed that two aluminums are separated by a hytralzove and
below, thus making a hexagonal distribution in gk plane in the
center of the octahedral sheet. The hydroxyl granpsplaced so that
each hydroxyl is directly below the perforationtbé hexagonal net of

oxygen in the tetrahedral sh¢4j.
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The charges within the structure are balanced, there are no
charges on the lattice due to substitutions witthia lattice. The
structural formula for kaolinite is (ADs.2Si0,.2H,0) and the
theoretical composition expressed in oxides is,S#8.54 % A1,0;,
39.50 %; HO, 13.96 %. The analyses of many samples of kdaire
shown that there is very little if any substitutionthin the lattice. In
a few instances the evidence suggests a very sambbunt of
substitution ofiron and titanium for aluminum in the relativgdpor

crystalline varietyf3, 4].

S+ L[
1B} Fiydrrsyd
& Auminum
& O Silicon

Figure (1-1) The crystal structure of kaolin [3].

The variation between members of the kaolin comsistthe
way in which the unit layers are stacked above eatbler and
possibly also in the position of the aluminum atamghe possible

positions open to them in the octahedral lay&rs
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1-2T he previous study:

Fernand and Ceylon (1953) showed that the particles of kaolin are
ideal materials for using as filler in the papetustry. They had examined
the brightness factor of kaolin and show that wile@ percentage of
particles less than (0.8m) exceeds 15% by weight, the brightness is

decreasefb].

Murray and Lyons (1955) proved that all ordered kaolin is preferred
because they were reported to impart a higher gftopaper industry than
those of poor ordered. It due to the disorderedikkaends to contain a
high percentage of very fine particles, becausenwthese are removed
from china clay (which is disordered) excellentleefance values are
obtained 6].

Lyons (1958) used kaolin Georgia clay as filler in the papetustry.
He showed that the brightness value is closelya@élto the percentage of
material which is less thamnugé in size, and the percentage of material less
than 0.3um do not exceed 10%47].

Uzbaki (1989) has used a physical process dependent on quartz
particles separating from the kaolin by passingough the colloidal
suspension by leaving the kaolin particles in thy parts of suspension
with using Carver method].

Sathy et .al (1991) studied the removing of fine graphite impurities

from kaolin to produce kaolin clay in the paperustty, and
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the process is succeeded to remove about 70% phiggawith loosing
in kaolin of about 4.5%9].

Weissenborn, (1992) defined the types of clay that can be used in
paper - making used to fill the spaces betweelliltees in the paper and to
coat the paper so that it will have a smooth serfdtis makes the paper
more suitable for the reproduction of photogra@specially color photos
[10].

Raghavan, (1996) Studied the process of removing the impuritiesifro
kaolin (Titanium and Iron component) by using tledaidal flocculation
and magnetic separation methods. By this methsgdSsible to remove
about 50% Ti@ and 45% of Iron component and the treated kaam lze
used in the paper industrid].

Suito, & Arakawa, (2005) published thaWater-washed kaolin can be
used as a pigment in coating formulations for prgnpaper and as a filler
in the body of paper because of its optical propeil.e., brightness, gloss
and opacity]12].

1-3 Industrial applications of kaolin:-

Kaolin applications are multiple and diversifiedadin’s whiteness
and plasticity make it extremely suitable for itdemsive use as a filler,
extender, ceramic raw material and pigment. Itl$® &an important raw
material to refractories, and to catalyst, cement Bber glass industries
[13]. Kaolin is a unique industrial mineral, which rangachemically inert
over a relatively wide pH range and it offers ela@l covering when used

as a pigment or extender in coated films and §llapplications.
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In addition, it is soft and non-abrasive and hdeva conductivity of
heat and electricity. It's always used in cemeap14].

The large uses of kaolin are structural clay prododustry, which
manufactures brick, drain tiles, sewer pipe. It eath stand very high
temperature and used in commercial refractory mtsdauch fiber brick
and block. Major domestic uses for kaolin were papeating, paper
filling, fiber glass, paint, rubber, brick, and cem [15]. Some of their

applications are defined bellow:

1-3-1 Paper Industry

Kaolin is used as filler in the bulk of the papKaolin's brightness,
large surface area and low abrasively make it @alidaw material for
paper production[16]. Using kaolin as filler reduce the amount of
expensive wood pulp required, enhances the opiroglerties of the paper
and improves its printing characteristics. Whenduas a coating on the
surface of the paper, kaolin's whiteness improasep brightness, whilst
the size and the shape of the individual kaolirtiglas give the gloss and
printed paper quality required for many differemids of paper. Examples

include papers for magazines and brochures, adgrpaprtons and boxes

etc[7].

1-3-2 Ceramics:-

Kaolin converts to mullite and glass when firéol temperatures
exceeding 1000° C. It is used in formulations desck as white wares,
which consists of tableware, and wall and flooedil It provides and
plasticity in the shaping of these products anduced the amount of
pyroplastic deformation in the process of firing thbleware, in addition to

the strength and plastic qualities, it is essemtidhe achievement of high
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fired whiteness. This is because it contains a tmmtent of coloring
elements such as iron and titanium. For sanitaryewthe product is
formed by casting (either in plaster, or resin mdsulinder pressurg¢].
Kaolin contributes the rheological propertiesttbaables the casting slip

to flow and drain after the cast formatifdij.

1-3-3 Refractories:-

Refractories are produced from natural materiatankinations of
compounds and minerals, such as kaolin, which sed to build structures
subjected to high temperatures, ranging from simplesophisticated
products, e.g. from fireplace brick linings to m&vg heat shields for the
space shuttle. In industry, they are used in b®#ed furnaces of all types'

reactors, ladles, stills, kilns and so foir1l6].

1-3-4 Paint:-

Kaolin is used very widely in paint formulation. &lan used in paint

trade range generally in average particle size f@& to 5um, the
properties in paint vary with the particle size dne same particle size are
not equally acceptable in all types of paint. Theant of kaolin in paint
formulations varies with the type of paint. In gealethe kaolin must be
water washed chemically bleached and fractionatgdduce a controlled
particle size distribution[4]. Kaolin can improve the optical and
mechanical properties of paint which is widely usedatin and matt paints
where they can deliver increased whiteness arsdpaiticularly useful as a

partial replacement for Tipigment[17].
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1-3-5 Rubber:-

Kaolin is used in rubber industry. Two varietieskablin designated as

hard and soft by rubber technicians are y48fl Hard kaolin produce high
modulus of rupture, high tensile, strength, goagistance to abrasion and
stiff uncured compounds and about 90 % of parsde is finer than 2m,
and about 3 % are coarser thaymd.

Soft kaolin produces lower modulus, lower tensiteersgth, lower
resistance to abrasion, and soft uncured compcamdi®nly 60 % are finer
than 2um, and about 20 % are coarser thann®[19]. Kaolin has very
little covering power in rubber because the indioégsefracting of clay
mineral and rubber are nearly alike. Kaolin addsersgjth, abrasion
resistance and rigidity to rubbjg].

1-3-6 Polyester Industry:-

Kaolin is used in plastic filling by leaching tkaolin and firing at 650
°C for 5 hours, and cooling immediately by water amdiring again to 450
°C in vacuum chamber, to achieve micro porous. Kaislin has surface
area larger than kaolin used before treating, seetéctrical resistance will
increase 43% - 73920].

1-4 Kaolin asfillers:-

Kaolin is used as fillers. The selection is freglyema matter of coast
and the preference of individual paper — mill opena A compilation of
the properties of widely used kaolin is given ibléa(1-1). The brightness
varies from about (80-84) % although sometimeshdijgower values are
acceptable. The residue on a 325 mesh screeneésaligriower than about
15%.
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The particle size distribution varies considerafstym one kaolin to
another, usually there are relatively small amaafnparticle coarser than
about 10um and finer than 1-Z2m. A moderate range of particle size is
desired as it favors increased characteristics ilgr fkaolin is not
important, but the kaolin must be easily dispefSzd].

Kaolin has been slurred in water and centrifugecemove impurities
and produce specific particle size fractions. TaBned slurry is either
dewatered (to reduce soluble impurities) and dredsoncentrated to 70%
solids and sold in slurry form to the Paper IndastrKaolin often treated
to improve brightness. This includes chemical Ww@ag and/or high-
intensity magnetic separation to remove iron atahitum impuritieg21].

(Figure 1-2) clearly demonstrate the importancédillefr and coating
pigments in the manufacturing of pag@2]. Coating base papers are
loaded with secondary pigments coated broke andpaiper quality
demands, with some primary filler as a top up. Aeotsource of pigment
is represented by the reused waste paper. Newgpnodtced in Europe,
contains up to 12 % filler and 88 % fid&3].
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Table (1.1) properties of kaolin as filler [21].

Particle size rangeufn)

0-0.5 27 44
05-1 28 28
1-2 24 18
2-5 21 10

Maximum screen

residue, wet 325 mesh  0.15 0.005
Brightness 825-84 86.5—-88
pH-value 4.2-5.0 6.3—-7.0

Total 19.5 mill. tons
Clay
45 %

Figure (1-2) percentages of the clay used in the industries in world [23]
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1-5 Kaolin as coating: -

Coating kaolin is usually produced the wet procass are chemically
bleached to attain the desired brightness, whidreguently in the range
from 85-88 %. Table (1-1) shows that coating kaglgids only a trace of
residue on a 325 mesh screen (less than 1%) aedyasmall quantity of
particles coarser tharnuéh. In the best grades of coating kaolin the bulk of
particles are finer than aboutrh. Kaolin particles are inherently white
flakes with smooth surfaces. In the coating openatithese flakes are
plastered on the fiber surface with their planefazas parallel3].
Kaolin particles smaller than abouuf, appears as single flakes,
whereas larger particles tend to be aggregatehiaedet flakes. This,
according to the literatures, explains the superaating qualities of
clays with all particles smaller thanp®n, the suitability of kaolin
for paper coating increases as the perfection efctigstallinity of the
kaolin particles increases. That crystallinity st m function of the
size of the particle; i.e., particles less than 0.25 um may be well
crystallized[24]. To produce the kaolin for coating uses, usuallyewat
washed used to partially remove surface hydroxgupgs.lIt is increases
brightness; it useful in the Paint Industry, aslves oil absorption and
hardness. The partial or complete removal of serfaaroxyls provides a

corresponding decrease in surface actij2gj.

10
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1-6 The effect parameters for kaolin in the paper industry:-

1-6-1 Viscosity-

Viscosity means the resistance to flow, it arisesnf internal forces

between the ions or molecules in the liquid. Th& wh the viscosity
measurement is the poise, which is equal 1 dyné/sem[26]. The
difference in viscosity of kaolin reside somewhat the surface
characteristics of kaolin particles, and in vaaatiin their shape which
extremely difficult to detect. The surface chardstees would be a
consequence of slight variations in kaolin. Visgpg8 generally measured

in rotational viscometer; there are various typesuch instrumeni27].

1-6-2 pH - Value:

Is the measure of acidity or alkality of the suspen, in other words, it

means the measure of the balance of the positivkobggn ions and

negative hydroxyl ions. When pH is balanced, it Aaseasure of 7.0 and
the suspension considered neither acidic nor aN#iien pH is tested to be
below 7.0 (6.9 or less), the suspension considerdze acidic. When the
suspension is tested to be above 7.0 (7.1 or mdne),suspension is
considered to be alkaline. When the measuring ugrale(7.0) has equal
number of hydrogen ions and hydroxyl ions, wherpsuasion is low in pH

have more hydrogen ions than hydroxyl i¢28, 29].

11
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1-6-3 Particle size distributions:

The particle size distributions vary from one kadb another, there are
relatively small amount of particles coarser th@nuin, they can reduce
performance rather than extend or reinforce. Anérfithan (1-2um) are
used primarily as diluents and usually have sigairit affect, positive or
negative. The ranges (1-3dm) reinforce kaolin as filler, significantly
improve kaolin properties. The particles shape lksignificant role in its
ability to intercept stress applied to the kagB, 3]. In general isometric
particles those having an important differenceangkh, width are more
effective as reinforcement than isometric partictegse similar in length
and width. The basic particles shapes charactsistikaolin are shown in
(figure 1-3).

Shape Sphere Needie

Aspoct 1 5-20+
Ratio o

f AR R

Shape Block Plate/Flake Fiber

Figure (1-3) some shapes of the particle size [31].

12
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1-6-4 Brightness:-

Brightness is the important property of kaolinhe paper industry. For

this purpose the material has to be white, theeexgty fine particle size
must be less than (fh), and to be of smooth texture to give requisite
degree of brightness. The measurement of brightfeeder has become
standard procedure for acceptance in paper indusaglin to be tested is
dried at 105°C, and brushed through a 200 mesh screen. A cidaidof
clay weighing about 15 gm is pressed under a Idadbout 40 N/crh
against a glass plate. The compacted kaolin cylirearefully removed
from the glass plate, which has given it a smoatfese[32].

It should be capable for accepting reflectedtligiier a reasonably
wide angle to allow for the scatter which normadligcurs. The total
reflected light is concentrated in a prism systand focused on a photocell
where its intensity is measured. The particle stegsean appreciable effect
on the brightness, so T3 valued for this purpose and it is most effextiv
when present in small particle size (QuB) and when the particles are in
the form of perfect spher¢30, 32].

1-7 Process Parameters.

1-7-1 Mixing

The mechanism of mixing is influenced by many festeuch as the

shape and size of the mixing vessel, the physiogbarties of the solid
particle and the operating conditip83]. Mixing, an important operation in
chemical process industries can be divided inte fareas: -liquid-solid
dispersion, gas-liquid dispersion, liquid-liquidspersion, the blending of

miscible liquids, and the production of fluid matio

13
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Mixing performance is evaluated by two criteriae tfirst is physical
uniformity, i.e., physical properties required iermhs of samples of
uniformity in various parts of mixing vessel, ahé other criterion is based on
mass transfer or chemical reaction.

The elements of mixer design are the process ddsignmechanics of
impellers, impeller power characteristics-relatepeiter power, mechanical
design shafts and drive assenii3g; 33].

1-7-2 Drying

Drying can be defined as the removal of water feogranular material

by evaporatioi34]. This process involves both the transfer of heanfthe
surrounding environment to the solid-water systerd #the simultaneous
transfer of water vapor in the reverse direcfijn Drying is accomplices by
shrinkage, which tends to bring the particles sse&ltogether that attractive
forces become so strong that water can no longeetmte between
them, the wetting and moderate drying, frequemthgdtto increase the plastic

properties of clay minergéB].

14
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Figure (1-4). Rate of drying curve[35]

The rate of drying process is illustrated in fig(te4), in this figure
there are three periods can be distinguishedjrdtefis the constant rate
period, during which the rate of evaporation isejpehdent on moisture
content. The second is the first filling-rate pdriduring which the rate of
drying is very often a linear function of the maois content, and the
third is the second filling-rate period with a cilinear relation between
rate of drying and moisture content. The constaigt-period and the first
falling-rate period ends are termed the first amcbad moisture content
respectivelyff35].

15
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1-7-3 Settling

The rate of settling of the particles in a stabt#loedal dispersion

depends on the size and shape of the particlesratite difference between
the density of the particles and that of the ligdide distinction between a
sol and a suspension is based on the differeringetates of the particles.
The large particles of suspensions are of the estsdls settle to a bottom
sediment, leaving a particle-fn supernatant liqundfinely dispersed sols,
setting may be effective counteracted by diffusiforces. Barring
convection currents, an equilibrium state is agdim which the particles
are distributed in the same way as the gas moleculethe earth's
atmosphere. Settling is sometimes also counterdmtaghrticle-interaction
forces[36, 37].

1-7-4 Filtration:-

In the filtration of suspensions, the propertiesh#f filter cake depend

on the degree of peptization or flocculation of suspension in the same
way the sediment properties do. When a stable ssspeis filtered on a
filter which retains the small individual particlesthin and compact filter
cake is obtained. Such a filter cake is rather rmgable, and soon after
he first layers of the cake are deposited, theafitin process becomes very
slow [38]. The filtration of a flocculated suspension yiellsather thick
and porous filter cake. Usually, although not neadly always, the
permeability of such a porous filter cake is highd a reasonable filtration
rate is maintained. of course, it is possible i@ pore openings of the filter
to be dogged by the patrticles, and this cloggifgceimay occur in stable as
well as in flocculated suspensions. In tlease, the filtration process

16
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determined by the filter clogging, and the permiggtbinay be independent
of the degree of stability of the suspendid® 38].

1-8 Aim of the study:-

This study is carried out to investigate the gubsi of using Iragi clay

as filler in the paper industry according to theseence of the large amount
of Duekhla kaolin in Iraq. The clay propriety crits is limited by the

amount of titanium dioxide (Ti§), iron oxide (FgOs), and Free silica
(SiO,) as impurities, so this research is concentratedemoving these
impurities for improving the Iraqgi clay propertiedich is important in the

paper industry. Also making different measuremetotsoptimize new

properties that have been observed after removeget impurities to

support the possibility of using Duekhla kaolin fter in the paper

industry and other industry branches as mentioe¢olé.

17



Chapter two Theoretical part

2-1 Introduction: -

Clay minerals are the main components of suspesolat material in
natural waters, responsible for the transport a@irganic and organic
contaminants. A colloidal solution may be definadgeneral terms as a
suspension of particles in liquid, where the grsire of the solid is so
small that they will not settle; yet at the sameetithey cannot be regarded
as being in true solutiof39]. When clay minerals are dispersed in water
there is an adsorption of ions on the surfacdefdonstituent particles,
one type of ion (either positive or negative) ditag itself to the solid and
the other, counter ion, free in water yet held lase proximity by
attraction. As a consequence the solid particlesrbe chargedvarious
forces act on colloidal particles suspended in aiune, and these
determine the behavior of slips and slurries whach essentiallyfine-
particles suspensions, gravitational forces, andloidal particles.
Colloidal particles when suspended in water arergdath and are
surrounded by a water shell. The molecules of wattrin this shell are
rigidly held by particle and have a different cleiea and properties from

those in the remainder of the dispersion meditdh

2-2 Flocculation and Deflocculation process:

Flocculation means the process of the formatiomggfregates which the
rate of the aggregation is not negligible, thismters often used
interchangeably, but some authors prefer to intedu distinction between
flocculation, implying the formation of compact aggates, loading to the
macroscopic separation of flocculation, implying formation of a loose or
open network which may or may not separate micpsaly [41].

YA
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The reversal of flocculation, i .e, the dispersabraggregates to form a
colloidal stable suspension, is called deflocautatiwhich means that the
particles do not aggregate at a significant ralee flate of aggregation in
general is determined by the frequency of collsibacause of the Brownian
motion of the dispersed clay particles, after siolii they separate again. But it
different when a few amount of salt is added to dlag dispersion. The
particles begin to stick together upon collisiamj agglomerates grow in the
suspension, the agglomerates appear as flocs stk rather quickly. The
suspension is finally separated in bottom sediaetia cleajdl, 42].

The deflocculation process increases the repulsiarceptive particles so
that they move a part, but flocculating salts htnee opposite effect. Fine
particles no longer repel each other but aggregatélocs. The sedimentation
is the settling of suspended particles under thieraof the gravity. In the
flocculation or unstable colloid the attractive cies between particles is
attributed to the general van de Waals attracoore$ between all the atoms
of one particle and all the atoms of another pgestic’he total attractive force
between the particles is the sum of the forces dmtvihe atom pairs. The
magnitude of this total force depends on the sizettze shape of particles and

one the character of the dispersion medtsh

In the deflocculation or stable colloid, the p#escattraction is practically
the same as in the flocculated sol, and counteyaatrepulsive force between
the patrticles, which is often an electrical natliree magnitude of the electrical
repulsion due to particle charge depends on tlseipce or absence of ionized
salt in the sol. Hence the attraction is indepenoleine salt concentration, but

repulsion decreases with the increasing salt ctratien[42, 44].

14
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2-3 Dispersion method:-

The dispersion can be defined as the propagatidheofine for any
materials like clay in a certain medium like watehere these particles are
arranged in a liquid medium regularly. The latem cbe called as
"dispersion phase", and the system take placeisndigpersion medium is
called "colloidal state". The propagation procesither mechanical or
any another process. The stirring of the mixtureinduthe dispersion
process make the particles to colloid with eackeiodmd work on coagulate
these particles, the vander waals forces act betiwese particles to bring
them together by vander waals bonds. Therefors macessary to use
dispersion agent called peptizer which have theviohg effect[45]:-

1- Wetting the powder which includes three periods.

A- Adhesion period the adhesion that happene betwepersant medium
liquid and the clay particles.

B- Penetration period the penetration means pdimegrahe dispersant
medium liquid into the clay prose.

C- Spread period this means spreading the disgensadium liquid as a
thin film on pores interior surface.

2- Dispersant agent helps into breaking the floud tne large particles



Chapter two Theoretical part

2-4 Stability of kaolin particles in an agueous:-

When an electric field is applied to a hydrophobad, the particles
move toward one of the electrodes. When the pglanit the field is
reversed, the particles immediately change diracéiod move to the other
electrode. In some types of sols, the particlesantoward the positive
electrode; in other sols, they move toward the tiegaelectrode.
Apparently, both negative and positive sols eXist.example, the particles
in clay sols are negatively charged, since they entmward the positive
electrode. Other negative sols are silica and gats, sulfur sols, and sols
of several sulfides. Examples of positive sols farac hydroxide sols and
other metal hydroxide sols. Like an ionic solutitme hydrophobic sol does
not have a net electric charge; therefore, theig@rcharge must be
internally compensated in the sol. The internadbeé of charges in a sol is
incorporated in the concept of the electrical deddoyer. The double layer
consists of the particle charge and an equivalerduat of ionic charge
which is accumulated in the liquid near the pagtidurface. The

accumulated ions of opposite sign are called thmisr-iond41, 42].

The particle charge may be created in two diffeveayts:-
1. Imperfections of the crystal structure of thetiple may be the cause of
a net positive or a net negative charge. Such almatge will be com-
pensated by the accumulation of an equivalent amofulons of opposite
sign in the liquid immediately surrounding the peet keeping the whole
assembly electro neutral. This situation is schaaldy sketched in figure
(2-1) this origin of an electric double layer isngmaratively rare in
hydrophobic colloids, but, actually, the clay pa#iis an example in which

an electric double layer originates from crystgbarfections.
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This fact is responsible for certain unusual pragsrof clay sols and
suspensions which are not generally encounterdt/dnophobic colloids
[42].
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Figure (2—-1).Schematic presentation of the distrdouof dissociated

charges expanding into the liquid phd42].
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2. In most hydrophobic sols, the particle chasgyereated by the preferential
adsorption of certain specific ions on the partstieface. Such ions are called
peptizing iondor the sol, since they create the stabilizing eptzing charge.
The adsorbed peptizing ions constitute the imoatingof the electric double
layer. An equivalent amount of counter-ions is awglated near the charged
surface, constituting the outepatingof the double layer. The charging process
requires the presence of a sufficient amount o€lantrolyte containing the
kind of ions which are specifically adsorbed on fagticle surface. Such an

electrolyte is called a peptizing electrolyte.

The other ions of the electrolyte supply the couida charge in the
outer coating of the double layer. For those sdigclwvacquire their particle
charge by peptizing ion adsorption, the previoaseshent that a sol in pure
water is stable must be amended; a certain amdupéptizing electrolyte
must be present. However, it is not always necgsgaradd a peptizing
electrolyte, since the dissolution products of twdoidal material or the

dissociation products of water sometimes act aizeg electrolyteg36, 46].

2-5 Dispersant agents and their importance in dispsion:-

The importance of using the dispersant agents poawe the efficiency
of dispersed medium wetting period of the clayipbas, and improve the best
particles stability in the dispersant medium. Kaolparticles stability
properties have been greatly affected propagatitmthe dispersant medium
in the case of using the dispersant agent. Bedhadater one will lead to the
formation of the micelles colloid in the water gystwith the external surfaces
of kaolin particleq446, 47].
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So this process could improve the particles stabi the dispersant
medium and making the ionic exchange between siatdgrated ions and
dispersant agent's positive ions, in order to imerthe stability of these
particles in the dispersant medium. Also theseatsgnt agents can make
the fluidity of kaolin particles in the water systemore easily during
shaking process, and this process will decreasedig@ersant medium
viscosity[47]. The most important dispersant agents are:

Sodium phosphate, Sodium carbonate, Sodium hydepx&bdium
oxalate, Ammonia, and Sodium silicate. And the lmkspersant agent is
sodium phosphate that improved high efficiency ba tispersed clay
particles.

2-6 Sedimentation method:-

The rate of sedimentation of suspended partictieseases markedly
upon flocculation because of the large size ofabgregates. The effect is
more pronounced in sols than in suspensions $inecarger particles of a
stable suspension settles rather rayutily.

Often of greater importance in technology is thiféedence between the
structure of sediments of flocculated and of stabigpensions. Sediments
of flocculated suspensions are usually much mohenviaous than those of
stable suspensions of the same concentration. r8t $ight, it seems
somewhat paradoxical that the repelling particles stable suspension
should obtain a higher degree of compaction in gadiment than the
attracting particles of a flocculated suspensidtowever, when the indi-
vidual particles of a stable suspension reach dlei part of the vessel,
they are able to slide and roll past each otheaumex of their mutual repul-
sion, and therefore they reach the lowest positidhe vessel.
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In this way, rather closely packed and dense smwins obtained,
although the mutual repulsion between the partiohay keep them from
coming into actual contact (illustrated in Figuiz2{36, 48].

In the flocculated suspension, on the other hahd, haphazardly
formed voluminous floes settle as such and pileatuphe bottom of the
vessel to form voluminous sediment with large v&p@ces in and between

the agglomerates (fig2-2b)

Figure (2-2) sedimentation in a peptized and icdldated suspension. (a)
Peptized suspension. (b) Flocculated susperS638]

When the particles are nearly spherical, the flaed the sediment may
have a string-of-beads character, whereas rodslaiespwill assume a
scaffolding or house-of-cards type sediment stre¢86].
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It should be stressed that such differences imssati volume will not
occur when the particles are so large that graeitges easily break the
links between the particles in the settled floenééecoarse sands or suspen-
sions of glass beads would settle to the same wlamboth fresh and salt
water[36].

2-7 Cumulative methods of sedimentation:-

The cumulative method is an incremental methodolires the
determination of the rate of change of densityaroentration with time or
height or both, always its used to determine ttee slistribution of a
sediment suspension. In this method the rate athwthie powder is settling
out of suspension is measur&l]. It consists of two techniques assumed
as: Line — start and homogeneous suspension tedmitn both these two
techniques, the analyses can be carried out mpreélydy these methods.
The big advantage of cumulative techniques is tiatamount of powder
required is small (about 0.5 g), which reducesratton between particles
to a minimum. This is particularly useful when ordysmall quantity of

powder is availabl@9].

2-7-1 Line-start technigue:-

The powder is initially concentrated in a thigdafloating on the top
of the suspending fluid; the size distribution nii@ydirectly determined by
plotting the fractional weight settled against free-falling diameter of the
particles. The line-start technique is also opegatin the layer principle but
utilize a liquid suspension on top of clear liquithis methods has found
little favors since the basic instability of thesegm, a dense fluid on a less

dense fluid, is responsible for what is commonlgwkn as 'streaming’;
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some of the suspension settlesnegssdan the form of pockets of particles
which fall rapidly through the clear liquid leaving 'tail' of particles

behind. To eliminate this fault by using a cleguld with a density greater
than that of the suspension, and extended the rahgfge technique by
using centrifugal settling for the finer fractifs0, 51].

The line-start technique has also been used toasiddractionate U0
particles. The weight that had sediment out wasrdehed by a device to
measure the radioactivity at the bottom of the tabe the settled powder
was washed out at fixed time intervals without wlising the settling

suspensiofb2].

2-7-2 Homogeneous suspension technique

The principle of this method is the determinatidrthee rate at which
particles settle out of a homogeneous suspenstus.iiay be determined
by extracting the sediment and weighing it, allagvihe sediment to fall on
to a balance pan or determining the weight of pawti# in suspension by
using a manometdb3]. Consider a distribution of the forw= f(D)
whereW s the percentage of particles having a diametsaitgr thaD, the
weight per cenP which has settled out at tintes made up of two parts;
one consists of all the particles with a free-feglspeed greater than that of
D as given by Stokes' law, where i® the size of particle which has a
velocity of fall h/tand his the height of suspension; the other consists of
particles smaller than @hich have settled because they started off at some
intermediate position in the fluid column. If theeé-falling velocity of one
of these smaller particlesvsthe fraction of particles of this size that have

fallen out at time t is vt/lgiving:
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P =W +t (dP/dt) .(2.1)

Where Wis the percentage oversize BinceP andt are known, it is
possible to determine WSsing this equation, to use the form of equation
(2.1).

W=P—[dP/(dInt)] .. (2.2)

Several methods have been suggested for the dedgioni of \WWusing these
equations. The most obvious is to tabulate t gndeRce derive dP, dind
finally W.

2-8 Swelling:-

The swelling of clays can be discussed in termisparticle
interaction. Two stages of swelling should be dgaished. The first
stage, up to four monolayer of water penetrate d@twayers of expanding
clay, or between flat surfaces of adjoining pagsclin the parting of the
surfaces, three forces are operative-the van dealdNattraction, the
electrostatic interaction of charged surfaces atidres, and the adsorption
energy of the water.

From the net interaction energies, the forcesatipg in the stage of
swelling are derived to be of the order of a feautand atmospheres for
the entrance of the first monolayer of water. Tdreds decline rapidly with
the entrance as successive water layers. In thendestage of the
swelling process in which the plates are sepatatelistances larger than
eqguivalent with the thickness of four layers of evaf the swelling is how
governed by double layer repulsion, which is idgadtwith the "osmotic
pressure” of the systefb2]. Seen that these micro pores vary in shape

and size with changes in chemical potential anctiehlyte type.
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The electrolyte type affects both, the number afgéts in each stack
and the average size of micro pores, the treatrokmiectrolyte type
effects on the basic size of micro pores, with deerease in the bulk
liquid potential (more negative), both platelet@pg and micro pore size
decreas¢sb3].

2-9 lon Exchange:-

Clay minerals have the property of sorting certions and cations,
retaining these in an exchangeable state; i.e. #neyexchangeable for
other anions or cations by treatment with such iores water solution (the
exchange reaction also take place sometimes inammous environment).
The exchangeable ions are held around the out§iddéica-alumina clay
mineral structural units, and the exchange reacf@rerally does not affect
the structure of silica-alumina clay packet. Inychainerals the common
exchangeable cations are calcium, magnesium, hgdrgmptassium, and

sodium, frequently in about that order of genes&dtive abundand@].

2-10 Titanium and Iron components in kaolin:-

Kaolin generally contaminated with titanium dioxid@nerals to the
extent of about 1.3 — 2.5 % expressed as, Wkdch has been identified as
anatas, though minor amounts of rutile are presesbme deposits. The
rutile mostly is inherited and the anatase formathigenically from the
chemical weathering of the other Ti containing mat& These impurities
are presumably responsible for the gray color ef @ématase. This gray
color decrease the whiteness of the kaolin and iderable effort is
expended to remove it. It is usually heavily stdify iron and as a result

varies from yellow to dark brown in col{s4].
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The iron apparently accounts for the weak magr@perties of the
anatase that allow some of it to be removed byangtmagnetic, iron is a
common impurity which is rarely completely absent kaolin, iron

compounds contribute in kaolin corrosion as it useckrtain applications.

They existed in kaolin as oxides or as hydroxylsytlgive rise to
yellow, red, and grays of different intensities atefjrees. So the fineness
of size of iron compounds is also of importancethe color which is
produced[55]. As mentioned kaolin may colored by the presenceoof
and titanium compounds. In the paper industryvthge kaolin is essential
so that the color, if it exists must be removeaptd useFour processes

are claimed to be successfa0].

(a) Washing,in which kaolin is dispersed in water and the siurr
passed through a fine sieve (60-mesh). Large iestigles are retained
along with coal and stones and may be discarded.plinified clay is
freed from objectionable iron-spotting which woutsrmally have
developed on firing.

(b) Magnetic separatiocan often be effective in kaolin which has been
prior-fired to between 500-750° C. Under these @mrts, some iron
compounds are converted into magnetitgOzeand can be removed by
magnetic methods.

(c) Chemical solutiorusually by acids, although most minerals are not
readily attacked and the process is expensive.

(d) Flotation methodm which iron and titanium which have a darkening

effect are removed from kaolin by froth flotation.
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2-11 Infrared Analysis:-

Infrared spectroscopy can be described as thefuisstrumentation in
measuring a physical property of matter, and thetating the data to
chemical composition. The instruments used are eaalinfrared
spectrophotometers and physical property meassitbé ability of matter to
absorb, transmit, or reflect infrared radiab8].

The basic principle of infrared instrument¢asmeasure the vibration
spectrum of a sample by passing infrared radiatimough it, that
wavelengths have been absorbed and what exterte 8ne amount of
energy absorbed is a function of the number of outds present. The
source of infrared may be a glowing filament or biiton carbide rod,
both of which emit radiation over a wide rangerefjuency. The infrared
beam passes through a collimator to the specimeéchvehould be in the
form of a thin film. The transmitted rays then p#ésough a system of
mirrors on therock salt prism, which can be rotated, so vary the
frequency of radiation received on the detef®0]. The analysis for
these spectrums was carried out using twguéecy regions. The
details are as following:

1 - Wave, number between 3500 and 3700 cm

The absorption in thisange is due to hydroxyl group (O-H). In the
structure of dioctahedral minerals, each pair ofrithum ions shares two
hydroxyl groups, which are related by a centeryohmetry between the
aluminum ions. Sarasoffa/] through that the absorption frequency of (O-H)

bonds depends on the degree of association ofghagpes.
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Miller [58] concluded that the bonds at (3718 and 3677) cior
kaolin are due to stretching vibrations of relditvanassociated (O-H)
groups, i.e due to hydroxyl groups nearly freeyafrbgen bounding to the
other atoms.

In general, the layer-silicate structural OH grotipst are comparatively
slightly show absorption of high frequencies of 886 3700 cm, where
as the absorbed water- shows absorption at lowdresies 3400 ch and
another band 1640 cireorresponding to the deformation vibration of wate
[59].

2 - Wave number between (1500 and 600)}.cm

The position and sharpness of the perpendiculaiation varied with
physical state; thus in the spectra of kaolin ofe¢acrystal size, the node
appears as a broad shoulder near (1080)[60]. The band intensities and
shift to higher frequencies in the spectra of sematkystals until in very
finely ground material the band is at 1109 csmaller but distinct shifts in
frequency, together with sharpening and intengifinaof bands as particle

size decreasd6l].

2-12 Raw materials:-

2-12-1 Kaolin Duekhla:-

Kaolin Duekhla has been collected from the veédtraqg. It is white
raw material. The chemical formula is,84.2Si0..2H,0 (39.5% A%Os,
46.5% SiQ14.0% HO). In systemic mineralogy, kaolin Duekhla ranks

among phyllosilicates, which are stratified claynemals formed by a

net of tetrahedral and octahedral layidis Phyllosilicates are classified

into the main groups according to the type of #yels, interlayer content,
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charge of the layers and chemical formulas. Grouiamlin includes
dioctahedral minerals (1:1) with two layers, oneai[SiO,] tetrahedral
layer and one aluminum [A@OH),] octahedral layer. The layers are
bonded together by sharing oxygen anion betweeandl Si. Together,
these two layers are called plate|é?].

2-12-2 Sodium Carbonate")0;": -

Sodium Carbonate is a white, crystalline and hygwpic powder with a

purity of > 98%. Sodium Carbonate has melting paht851 °C, it
decomposes when heated at temperature greated@@AC, and sodium
carbonate is a strong alkaline compound with pH 106 for 0.1 M aqueous
solution. Tensile strength and elasticity are desed as the content of soda
increase of sodium although to a lesser degree whtanthe other alkalis.
Small increases of sodium oxide in a glaze wilkr@ase the coefficient of
thermal expansion and reduce the softing point wajnd and noticeable

consequences to the glaze bodjA#.

2-12-3 Sodium Phosphate"NrD;": -

Sodium phosphate is a white powder with densit$4£. easily soluble in

water, but not in organic solution, absorbent tonplaess, and turn sticky
when absorbed dampness in air. It is possiblerta &mlvent compound with
metallic ions such as Ca, Ba, Mg, Cu, and Fe; & fne agent for water
treatmeng63]. It can be used in many applications for industis#, such as
oil field, paper- making, textile, and dyeing, petiemical industry. It is
mainly used as a water softening agent in solutorprinting, dyeing and
boiler; diffusant in paper — making; slow corrodifigating agent, dispersing
medium, high temperature agglomerant, detergent smitl analytical

chemistry reagerjti4].
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2-12-4 Zinc Hydrosulfite "Znp$0,. 7H,O":-

It is a white, crystalline powder with degs2.87 gm/cm, can soluble in

water easily. It has melting point 782. It considered as bleaching agent has
been used with considerable success to improveridatness of kaolin, ball
clay, talc, etc. zinc hydrosulfite in amounts up0té % of the raw clay are
often effective. It is claimed that the greatestdsit results from a double
treatment with a stage of filtration and disperdmiowing the first treatment.

Hydrosulfite is also called dithionite in the U.Khey are salts of the organic

radicals (80;) [64].

2-13 the reduction of impurities in the kaolin clay

The percentage of impurities in the kaolayas TiQ, FeOs;, and SiQ
can be reduced by using ZnSIH,O according to the following equations:
ZnSQ.7H,0 + TIO, — ,TiSQ+Zn0, +7H,0
ZnSQ.7H,0 + SiIG@ ___ ,SiSQ+ZnG; +7H,0
ZnSQ.7H,0 + FeO; —>Fe[SOy)3 +Zn0, +7H,0

The salts produced from these reactions can bevenioy dissolving

them in distilled water and filtering with filteraper[64].
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3-1 Raw M aterials:-

The raw materials used in preparing the samplgsined for our

investigation are:
1- Duekhla Kaolin Al;,03.2Si0G.2H,0"

2- Sodium CarbonatdNa,CGOs'
3- Sodium PhosphatdNa,PO;"
4- Zinc Hydrosulfite"ZnS0,. 7H,O"

3-2 Sample prepar ation: -

DuekhlaKaolin has been collected from the west of Irags lwhite
raw material.Duekhla Kaolin treated by washing it with HC1 (4N), for
time duration 24 hours, with stirring, at room tesrgiure. The acid
treatment foDuekhlaKaolin carried out to remove the free iron oxice a
other impurities, which can be dissolved in HCleMashed kaolin then
separated using filter papers and under sequenopearftion for dilution
and filtering until the pH - value become 5. Thha separated materials
dried by using furnace (GCA\PRECTSIONSCIENTIFC, elod6) at
temperature range 40-60 °C for 3 hours. The driedders ofDuekhla
Kaolin then milled using ball mill of porcelain bpdwith different sizes
of spheres, for 5 hours. And finally the powder®atkhlaKaolin then

sieved with a sieve of gam.

35



Chapter three Practical part

Table (3.1) Sample preparation

Process Parameter Group No.
Washed Duekhla Kaolin with 4N
HCI, milled, particle size< fm.

Ms | My

Dispersant
_ NaP O, : : 3.0, 4.3
Material (gm)

Na,CO; 13

Bleaching
_ ZnSQ, 10
Material (gm)

The study was performed by using the cumulatmethod as
mentioned in chapter two. This method requiresugiag of sedimentation
system which consists of six glass cylinders vigight 138 cm and 4.5
cm in diameter stand vertically in order to have siedimentation state as
shown in Figure (3-1). These units are built in khieoratories to control
the processThe final washedDuekhlakaolin with particle size < 6om is
divided into six parts to prepare six prepare siftecent groups of
samples according to the added amounts of disgeesah bleaching
materials, as shown in Table (3-1)he samples were prepared using
constant weight percentage of washed kaolin wia@ygual to 10 gm for
each group. This quantity was mixed with differesmmnounts of
dispersant agent MNAG; = 2.0, 2.5, 3.0, 4.3, 5.5, 6.8 gm and diluted with
distilled water till the volume becomes equal t® 26!, with continuous
stirring process for 15 minutes using magneticrestifmodel Great
Britain, serial 11750).
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All six glass cylinders were filled by 750 ml tliled water then,
the prepared six samples that having defined amooinNaPO; were
added to the cylinders. Volume of each cylinderdoees equal to 1000
ml then the fluid in the cylinders left to settler f24 hour. After this
period, we have got sediment in the bottom of tylanders that related
inversely to the amount of dispersant agent. Trspemsion over the
sediment was found to be in the range from 68 cayiimder no. one to
the height 92 cm in cylinder no. six as shown igure (3-1). Table (3-2)
shows the parameters used in the sample prepar&ioisamples were
prepared, each sample take the number of the e&ylirdm which it
prepared. Sample one is taken from cylinder onesanan. The first 20
cm of the top from all six cylinders was drawn lpyh®n after the period
of the sedimentation to be used in measuring tlseogity of each
suspension by using the device (Brook Field Vidgosnodel Philips,
serial 124759).

Table (3-2) The parameters used in the sample preparation at room

temperature

Suspension Height

viscosity suspension J| suspension
(dyne.cni/s)
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Group -1
Group -2
Group -3

()

Group - 4 has

the minimum viscosity

Group -5
group -6

ion system.

Figure (3-1) sedimentat
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The suspension drawn from ;Mwhich has the lowest value of
viscosity, equal to 0.31 dyne.étwec was chosen to be used in the
preparation of the samples required for our stddys suspension then
mixed with 10 gm of N#&O; and 13 gm of Na&COs. The mixture added
to distilled water to get a final volume of 250 with continuous mixing
using magnetic stirrer for 10 minutes then poweared clean cylinder

and left to be settled for 14 hours.

The total suspension then drowns from cylinder &ibelred using
filter paper to remove the excess soluble salte filker cake then
washed by distilled water three times after tha¢moved from the filter
paper and mixed with 10 gm of zinc hydrosulfite.eTmixture then
added to the distilled water and the volume conegdldb 250 ml with
continuous mixing by using the magnetic stirretemperature 66C for

30 minutes.

The mixture then dried in temperature at %D because the high
temperature will convert the clay to the brick-lil&o this sample is named
as G. The above procedure then repeated six timesejpape another six
samples from & to G; using different amounts of zinc hydrosulfite as
shown in table (3-3).
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Table (3-3) the values of zinc hydrosulfite in each group

Group My

ZnSQ 7HZO
10 12 16 18] 20
(gm)

3-3 M easur ements:-

Duekhla Kaolin was examined before and after treatmusing the

following techniques.

3-3-1 The chemical composition:-

The chemical composition dduekhlakaolin was examined by (The
General Company of Mining and Geological Surveye Tresults are
given in Table (3-4) it is clear from the tablettBaekhlakaolin contains
many impurities before treatment which are not gmrefd in the paper
industry.

The final samples dbuekhlakaolin after many process of bleaching
with zinc hydrosulfite of all samples (Go G;) were analyzed again in
(The General Company of Mining and Geological Synand the results

are giving in Table (3-5).
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Table (3-4) Chemical composition for Duekhla kaolin

O,

Table (3-5) The chemical analysisfor impurities percentages remained in
Duekhla Kaalin.

Group [ ZnS0O4.7H20 | Free SO, TiO; FeO3

o N

12 44

14

16

18

20

22

]

1
R N

BB R i
i :

2
=N
=
=l

12
13
14
15
16
17

8

0.
G
Gs
Gy
Gs
Ge
Gy

1
A
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3-3-2 X- Ray measurements:-

The phase structure for kaolin Duekhla is measbse®RD Tech. by
using (SIEMENS X—RAY DIFFRACTION, UNIT MODEL D - 80 KV
= 40, CU Kua line, A = 1.542A). These results are shown in fig. (4—10) for
Duekhla kaolin as raw material, (4-11) is for Duekkaolin treated with

zinc hydrosulfite respectively.

3-3-3 The infrared measurements:-

The effect of treated kaolin with zinc hydrosudfitstudied
qualitatively by IR measurement. The measuremest lbgen made by
using (Shimadzu Fourier Transforms Infrared modBIRF8300 (Kyoto,
Japan)). The IR spectrum for kaolin raw materiadvah in figure (4-12),
(4-13) is for kaolin Duekhla treated with Zinc Hggulfite.
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4.1 Discussion of results: -

4-1-1Chemical analysis:-
The chemical analyses of the treated Duekhla ka@mples by zinc

hydrosulfite are given in Table (3-5) which show temain impurities free
silica loss, Si@, TiO,, and FgOsin kaolin samples. So the values of these
impurities of sample Gare considered to be remaining in the kaolin by
percentage equal to 100%. Therefore in Table (#hd )percentages of the

removed impurities of sample G1 are equal to zero

Fig (4-1) shows the direct relation between thec zigdrosulfite and
free silica loss. Figs (4-2) to (4-4) are reveag thercentage of the
impurities remain in treated samples after treatgld zinc hydrosulfite. It
can be noted that the values of free silica in@gasith increasing the
amount of zinc hydrosulfite, but the other impwsti decreases with

increasing the amount of zinc hydrosulfite.

Table (4-1) and Figures (4-5 to 4-8) show the @etage of the
removed impurities from kaolin after treatment. Egb) shows the relation
between zinc hydrosulfite vs. free silica loss patage, it increases with
increasing the bleaching agent. The percentagesefdilica loss is raised
from 3% in sample &to 50% in sample & Fig (4-6) shows the relation
between zinc hydrosulfite vs. the percentage ofasitemoved is raised
from 5% in sample &to 15% in sample &which means thathe
compound silica removed increased with increasing hydrosulfite. Fig
(4-7) shows the relation between zinc hydrosulfige titanium dioxide
percentage removed from the kaolin. The percentdgédanium dioxide

removed increased with increasing the added anafurihc hydrosulfite,
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where the percentage is raised from 28% in sampl® ©1% in sample
G;. Fig (4-8) shows the relation between zinc hydifdsws. iron dioxide
percentage. This varies from 15% in samp}ads7/3% in sample G which

IS good evidence that using this bleaching agen¢rimove high percentage
of impurities from kaolin and it can be used withnsiderable success to

improve the brightness of kaolin for preparingiitie paper industry.

By comparing these results with other studiesMeaynard studiefo5]
who worked to remove Ti&drom kaolin which was contained about 1.64%
before treating and decreased to 0.8% after tredtmieich means that the
percentage of removed anatase from treated kaoHWi®9%.Also Raghavan
[11] reached to remove about 50% of anatase and 45%e0k from

kaolin by using the colloidal flocculation and magjn separation methods.
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©
=
©
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T T T

10 15 20
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Figure (4-1) the relation between zinc hydrosuléitel free silica
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Figure (4-2) the relation between zinc hydréseland silicon dioxide
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Figure (4-3) the relation between zinc hydrosealand
titanium dioxide

45



Chapter four Discussion of results
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Figure (4-4) the relation between zinc hydraselldnd iron oxide

Table (4-1) the percents of the removed impurfties Duekhla kaolin.

ZnSQ.7H,O | Free SiQ || SIO; %
gm added J{loss% | removed] removed| removed
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The reason behind reducing the percentage of itrgmirs the chemical
reaction happened when adding the bleaching ageziha hydrosulfite to the
samples from @to G; by making a soluble salts represented as 7iSG3Q,

Fe[SOy); as shown in the chemical equations in section4(2-1

In this condition, adsorbed impurities are reldas®m the kaolin
surface and gradually form visually observable dlachich are capable of
penetrating and settling from the clay system, aad be removed from
kaolin by filtration process and dilution with diktd water.

S
)]
0
o
3
©
O
=
©
O
P
L

v T

10 15
Zinc Hydrosulfite (gm)

Figure (4-5) The relation between zinc hydrosulfitel free silica loss
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Fig (4-9) shows the effect of sodium phosphate dis@ersant agent on
the viscosity of kaolin and why we used the amouwftshis dispersant
agent from 2.0 gm in Mto 6.8 gm in M with 10 gm of kaolin. The results
mentioned above are based on using the kaolinvaglélyminimum value of
viscosity after addition of sodium phosphate. Thessamples (M to Mg)
which were prepared by the addition of 10 gm oflikawith different
amount of the dispersant agent, ranging from 2.0irgample M to 6.8
gm in sample M We started the addition of dispersant agent f2obngm,
because it found before that using lower valuess(téan 2.0 gm) had no
effect on the viscosity and most the particlesalin were sediment in the

bottom of the cylinder without any dispersion ie ttolloidal system.
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Figure (4-9)The effect of sodium phosphate on the viscosiuekhla

kaolin

The addition of the dispersant agent with amoueatar than 7.0 gm to
10 gm of kaolin will lead to the saturation and weeer we add the
dispersant agent above 7.0 gm to the same amowaodih the viscosity
will not affected strongly and there was a verglgiincreasing in viscosity
that can be neglected.

The reason behind the using of the dispersant rabteith the kaolin
iIs to reduce the mobility of kaolin particles anceates a stabilized
suspension because of the well known electrolyffectes on charged kaolin
particles. Reduced mobility of kaolin imparts abgtaed structure of

suspension compared with fully deflocculated anddulated systems.
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This suspension stability is evidenced by greatijuced settling rate
of kaolin in our suspension. In this condition, @dleed anatase impurities
are released from the kaolin surface and gradéailiy visually observable
flocs which are capable of penetrating and settfrogn the clay system.
This process contrasts with ordinary classificatiordispersed slurries,
where the anatase impurities appear to remainhegitbio kaolin particles.

Thus the distribution of Ti@impurities in conventionally classified
kaolin substantially reflects the degree that vasisize fractions of kaolin
adsorb titanium impurities. In such suspensiondaseaimpurities are not
fully librated and therefore are not free to seitleaccordance with their

size and mass.

4-1-2 X-ray and IR measurements

Figure (4-10) shows XRD pattern for Duekhla ka@sraw material,
and figure (4-11) shows XRD pattern for Duekhlalkatreated with zinc
hydrosulfite. By comparing these two figures witB'AM cards, the results
show that the original Duekhla kaolin is composé#amlinite and quartz,
and it is not affected by all the processes oftthatments carried out on
kaolin, but only we reduce the percentage of timeoreed impurities from
kaolin and it becomes ready to be used as fillénénpaper industry.

IR absorption bands curves for Duekhla kaolin as material is
shown in fig (4-12) and for Duekhla kaolin which sMaeated with zinc
hydrosulfite is shown in fig (4-13), this resultifgom the present
investigation is listed in table (4-2) are compérabith data listed by
Marel [66]. The study of the two figures showed that the aagikaolin
Duekhla is not affected by all the process of tleatments carried out on
kaolin, but only we reduce the percentage andabbe ready to be used

as filler in the paper industry.
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Figure (4-11) XRD pattern for Duekhla kaolin tredt&ith zinc hydrosulfite

53



Discussion of results

Chapter four

45.0

40.0

35.0

30.0

25.0

20.0 -

15.0

10.0

v/

ﬁ ._{._ﬁmm.m
|

f

 Be52.9

B3622.1
3699.2

4000.0 3500.0 3000.0

__ iy _P k,.___
T ___ MW&.D __"
\)rf ___.¢...___ ./ _ | I.«@@ ._%w __“
PR s T W has39 :
G WA ) ..__ _ \ __ 4
hs12.1 _ ||
o 1647.1 / / _ |694.8 __
2, _
~ | |
|2335.6 \ |
£366.5 _ __
J 426.2
__ | |
: | ‘
lo14.2 _
_\.ﬁ _
i I
| ] e
l11joolo N
|538.1
1006.8
g%mmq
2500.0 20000 17500  1500.0 1250.0  1000.0 750.0 500.0
1/cm

Testscan Shimadzu FTIR 8000 series

Figure (4-12) IR analysis for Duekhla kaolin as ravaterial

54



Discussion of results

Chapter four

40.0

%T

35.0

30.0

250

20.0

15.0

10.0

4000.0 3500.0 3000.0 2500.0 2000.0

— Testscan Shimadzu FTIR 8000 series

914.2

=

el
)

Wl
—

1750.0 1500.0 1250.0 1000.0 750.0

500.0
1/cm

Figure (4-13) IR analysis for Duekhla kaolin tredteith zinc hydrosulfite
55



Chapter four Discussion of results

Table (4-2) Absorption bands in Duekhla kaolin
Bands (1/cm)

Minerals
_ O-H H,O
Material i Al-OH

Duekhla
Kaolin

Duekhla

Kaolin 3695.4
treated with 3622.1
zinc

hydrosulfite

4-2 Conclusions:-

1- The measured value for minimum viscosity paramistequal to 0.31
dyne.cni/sec. which required for dispersing Duekhla kaolas obtained
by using 4.3 gm of N&#G; in sample M.

2- The conditions of preparing and treatment whichegihe maximum
removing for oxides (TiQ FeOs;, and free Sig) are presented in sample
Gy
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4-3 The Future Work:-

1- Using other dispersant material (sodium dithionit) different

temperature, different percentage of mass andrdiffesettling time to
optimize the required value of viscosity.
2- Studying the effect of other bleaching agents sagchaS0,.7H,0, or

CaSQ.7H,0.
3- Study other properties such as (brightness measmt¢rander these

above conditions.
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