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b UMMARY

L-rgy diffreaotion and cloectron wicroscopy were
utilized To investigate the nature of sone kaolinite
seaples collucted from different localisios from Kalgbsha
reslons, Avboub 14 cley samples were iunvestigated by these
neenniques., e samples were fincly ground and investe
imeved as such 1ln their natural condiiion or heat treave
et different temperaturcs ranging from roon semperature
up b0 1100°C, 4 well calibrated furnace was used for this
Nuat truatﬂ g,

For o X-ray diffraetion work, vho diffractometur
sronulgue weas esd,  Both, Cuk., rediatlon and GoK

etion woere used, Slow scanning ncthod wes applicd in

azse ol crystallite size measurcments. For oo elugtron
L iergsegpc woric, Ghe suspension mothod was utilized.
Troosmlsion microgrephs were vaken gl ditferert microscope
meooiticstion and also slected arca did raction micrographs
oo sngcervaken,  Geld foll was used ac s Intermsl suandord

e dlftraction work.

The uxperimental results of this work could be

sunmericed es follows

i
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The Egyptian clays taken frop different locations
from the Kalabsha region ars true kaolinite sauples.
ihe kaolinite clays were classified into 4 groups
according to the type of ilmpurities present in these
sanples. The main igpurities which were found in the
clays are namely, anatase, ©X -quartz, rutile, and
dlaspors.

The X-ray diffraetion work showed that most of these
clay sanples are having good crystalline kaolinite and
the crystallinities varied from one sample te another,
depending on the type of impurities present,

I'he relative grain size of the kaolinite orystals
measured by the line broadening method was found to
decreass by increasing the temperature of the thermal
neat treatment applied on the sample.

e reduction in particle size when measured by the
electron microscope and by applyins the Ferets
Statistical metheod was found To Ye none linear withn
vemnperature the results showed Tthat the particle size
hecame minimum at 450°, the temperature which is Just
before the temperaturé of the amorphous phase.

The mporphologicel shape of the kaolinite crystal was
found to change by changing the temperature of the
thernal heat treatment applied o the samples. IThe
results showed alsce that kaolinite crystal preserve its
net work structure even in its amorphous phase up to

=00 G,

Central Library - Ain Shams University



R W I A

fhe phases produced by thermsl heat tregbtment were
Tound to be The same in all the 14 samples irregpeellve
of the Lype of the lmpurities present with them. 4lso
the temperature at which the kaolinite samples vecame
amorphous was the same in all cases 4 1.e. The type

of the impurities present with the c¢lay have no effecty
what s¢ ever on either the phases produced or the

texperature of the transformation.
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I.1=- Introduction ¢

Clays are iaportent materials in industry , Kaolinite
is one of the most characteristic Types of clays which are
bagic Taw aaterials used in ceranic, porcelain, and non-
¢curzale production such as in amanufacturing papers, filters,
gosorbants, Textiles, midicine, and rubber industries. In
sowe countries, kaolinite represents an important part of
tii. national economy. In Arab Republic ol HEgypl thers are
sav.-ral localities of kaol.inites which centered mainly in
tre Binal peninsﬁla and near aswan, Due to thils, it was of
zreat national interest To study souwe sauples of Egyptian
Kaclinites, in order to galn e l...& ibout this very

Lororbvant material.

.2 Nature of Kaolinite :

Kaclir way ve formed in nature elther by weathering

ol - wnd ¥a - feldspares from wagnevic and metanorphic
rocks 0r by a hydrotheraal attack of carbonic and sulfuric

acid sclutions on feldspars and azica. All these alnersls
oceurs in nany kinds of rocks (granite, gneiss, parphvr,

e a0C), S0 That the resulbing kaolinite is wide sproad.
Jn Lne ¢ ther hand kaclinite may be forwad by siliedfication

¢t .y4ro . zillite silicic ard”
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Kaolinite deposite consisting of poorly ordered ksolinite
and defiled with varying amounts of carbon and ecal-like
roiucts together with mica, are called "fire clay™, Saaples
of poorlv ordered kaolinite in which the carbon and the cina

coaponents are absent are called "ball clay”.

I.3- _Structure of kaolinite nmineral :

The structure of kaolinite was first suggested in
renaral outlines by Pauling (193C). It was worked out in
some detail by Grumer (1932) and later revised by 3Brindley
and nobison (1946), and Brindley (1951). The structure is
co..posed of a single silica tetrahedral sheet and single
aluuina octahedrai sheet cowbined in a unit so that the
Tips oi the silica tetrahedrons ond one of the layers of
the octahedral sheet form a common layer, Fig. 1. The
diwensions the sheets of tetrahedral units and of the
o¢ishedral units are closely similar in their a and b
d4i.susions, and consequently coapcsite octahedral -
vetrzhedral layers are readily formed. Only minor changes
in Interatomic distsances are necessary, and there would
sesu to be little tendency for The unit to bend in the
stackin: arrangement of ksolinite, although large crystals

would be unlikely.
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Fig. (1) Diagramatic sketch of the structure

of the kaolinite tayers.
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In the layer cocmmon Go the octahedral and fTetrahedral
croups, two thirdsof the a¥oms -are shared by silicon and
aluainium, and then they become O instead of OH. Only two-
nnirds of the possible poscitions for aluminium in the
sctanedral sheet are filled, and there are three possible
planes of regular population of the octahedral luyer with
aliiainivas. The aluminium atoms are considered to be so
viuwced that each two are separated by an OH abeve and below,
vhus making hexagonal distribution in a single plane in the
senter of the octahedral sheet, The OH groups are placed
30 that each OH is directly below the perforation of the

nexaronal net of oxygens in Thetetrahedral sheet,

v charge distribution in the layers is as follows i-

9 g -
4 osit 16 +
4 07 ¢ 2 (0B)” 10 -~ (Layer coamwon to the tetrahedral
and octahedral shegts)
5 a1dt 12 +
& (oH)”T x

The charges within the structural unit are balanced
and the structural formula is (OH)8 i, al, 05. The theori-
tical coaposition expressed as oxides is 8102 46,5; A1205
30,5, HEC 13,96 %, The analysis of many saaples of kaolinite
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nave shown that Tthere is very small amount of subistitution
0 iron or titanium for gluminium in relatively poorly

crostalline variety (Ross and Kerr, 1931).

The minergls of kaolinite group consist of units of
the nype just disoribed in the a and b direotions foraing a

stucked sheets above each other in the ¢ direction.

In case of kaolinite itself Brindley (1951), investigated
toe stacking of the unit layers. The mineral is triclinic,
3 00 Le15% ;5 b = B,9%% 5 ¢ = 7 38%4; ©< = 91.8%; B o= 104,5°,
srd 7 = 90%, B8Quccessive unit layers are 8o arranged that
0Xygen atomé and OH groups of adjacent layers approach one
ancther in pairs. PEecause of the superpesition of 0 and OH
v.unegs in adjocent units, the units are held together fairly
fis-7ly by hydrogen bonding between the layers. The plane
vevween the unit layer 1s a cleavage plane, which is not so

pronounced in kKaclinite.

Grimshaw, Heaton, and Roberts (1%46); Brindley and
Recisorn (1946Y; and Grim {1947), reported the presencs of
a kaolin:te mineral of lower crystallinity than that of well-
crystallized material Jjust noted. Brindley and his collsagues
(2rindlsy, 1951; Ross and Kerr, 1931; and Brindley and zobison,

1¢42) have investigated in deball soume examples of rather
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