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S U r.; M A_li_J 

X-rcy dii'frs()tion and electron mi.croscopy wcro 

utilized to iEv~stigc:.to th" nature of so•.zz.- kaolinite 

se.;Jplos collL cbod from different locali ~ios from Kalabsha 

ro;_;ions. Aoout 14 clay samples were i::vu;tigated by those 

+•ochuiq_ues, ·:;_•:1e samples were finely groccL•i aYJd invest-

at liff'sro;1t -~emperaturcs ranging frorr, roo·1 ;;omperature 

uD to ll00°C, 1>. well calibrated furn3C8 r1a~ used for tlcis 

:\•.- •;.;:; trC:at;:ncnt. 

For t'c X-ray diffraction wor:,, 

,~ -~-LJ..·~-·j 'l''J..''- -,lct:,d ql0\·'.,1 sc~nfJJ...llC'0 f.•,-(:t-.'.·,Q'-l ',Tc'~~ a.-::.'.",OlJ..'n:: -:,_>1 ~- (} ~ :_. u 1. •• ,_; -..:.; v..u..::; , ..... ...... - ~ ~ :.;,. '._.._........ ..__' -~ v ~ - _ .. 

:icrosoopl wor;,, tho suspension mot;,od •;w.s utilized. 

rue· _:it'ic a·i.;j_o;_; s.nd also sloct0d ar0a d:!i'i'ractior: :nicrorsraphs 

,.. 

--l·- ciii':t'raction work . 

..• l<c oxpcrimental results of this work cou~d b8 
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The Egyptian clays taken from differ~nt locations 

from the Kalabsha region are true kaolinite samples. 

2 - ::'he kaolinite clays were classified into 4 groups 

"' / -

according to the type of impurities present in these 

saiaples. The main impurities which were found in the 

cla,ys are namely, anatase, <><...-quartz, rutile, and 

diaspore. 

The X-ray diffraotion work showed that most of these 

clay samples are haviJJ€ good crystalline kaolinite and 

the crystallinities varied from one sample to another, 

depending on the type of' imp uri ties present. 

4 - The relative grain size of tl1e kaolinite orystals 

measured by tl:le line broadeninr; method was foe1nd to 

decrease by increasing the tempe2ature of the thermal 

"eat tre-.tment applied on the sample. 

--::. -.~l:e reduction in particle size Rhen measured by the 

electron microscope and by applyin,; the Fere"t!s 

Statistical method was found to be none linear witi; 

;:;e,llperature the results showed that the particle she 

becrune minimum at 450° 1 the temperature which is just 

~1efore the temperature of the amorphous phase. 

0 - ;'he morphological shape of the kaolinite crystal was 

i:'ound to change by changing the temperature of the 

ther.nal heat treatment applied c;n t~,;,o samples. :'he 

r•sults showed also that kaolinite crystal preserve its 

net w·,rk structure even in its amorphous phase up to 
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7 - i'h<i PW&eoo ~ro4u.c.O. D:r t.h~Jll.3l b.<olJo't ti~t were 

l'ocmd to be the same in e-ll the 14 samples i=~·nvo 

of the type of the impurities present vlith them. Also 

the temperature at which the kaolini"W samples became 

'.JJilOrphous was the same in all cases , i.e. the type 

of the impurities present with the clay have no effect 

what so ever on either the phases produced or the 

temperature of the transformation. 
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I.l- Introduction : 

Clays are Lnportant materials in ind'Jstry , Kaolinite 

is one of the tllost characteristic types of clays i'lhic':: are 

bo.s;c raw .:naterials used in ceramic, porcelain, and non­

c·.,r•".Jic production such as in illanut'acturing papers 1 fil teT s 1 

a';c;urbd.Ilts 1 Textiles 1 r;;.idicine, and rubber industries. In 

s'-''"'" countries 1 kaolinite represents an iillporta..'1t part of 

tiL •1ational economy, In Arab Republic o:· Egypt there are 

sew ral localities of kao:.inites nhich centered illaialy H> 

t: "' Sinai peninsula and near il.S'Na:l. Due to tr:is 1 it Nas o.:.' 

c;reu.t national interest to study SOUle sa:ctples of Egypt;,= 

;.-;."o J iai tes, in order to g,;.in ~..li.v ;J .. :"'e c.bou t this very 

~,:c·ortant material, 

c .2-· ~~ature of Kaolinite : 

Kac lie .uay bo formed in I'ature either by weather in;; 

o: - w'1d iTa - felds.:;;ores froill dlognetic a,·d w.etanorp':ic 

I'•JGi•.s or by a hydrotheriud.l attack of carbonic and sulfctric 

ac.cl solutions on feldspars and illica. All these winero.ls 

w;.c::rs in many kinds of rocks (grani.te, gneiss, parpb-;r, 

•. ,ccc). So that the resulting kaolinite is :vide spread. 

,JL \e c ther hand kaolinite mey be foru~\tJd by sill (":i Pi n,_:l.tL·~':: 

c . ..:dro c~illi te silicic """ ,' 
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Kaolinite deposite consisting of poorly ordered kJ.oJ1nite 

a~d defiled with varying amounts of carton and ooal-like 

prode!cta together with mica, are called "fire clay", Sa:rrples 

of poorly ordered kaolinit;e in which the carbon and the mir::a 

components are absent are called "ball clay", 

1.3- Structure of kaolinite nineral 

The structure of kaolinite was first suggested in 

ge::1'lrd.l outlines by Pauling (1930). It was worked out in 

some detail by Gruner (1932) a:1d later revised by Brindley 

a"la riobison (1946), and Brindley (1951). The structure is 

co.4 11osed of a single silica tetrahedral sheet and BiJ:l6le 

dL:.;.ina octahedral sheet combined in a unit so that the 

~ci;•:; ,;:· the silica tetrahedrons ..,nd one o1' the layers of 

tc:e octahedral sheet form a coillilion la;,er, Fig. l. The 

dL.w:1sions the sheets of tetrahedral units dUd of the 

oc :;~hedral units are closely similar in their a and b 

:li.,•cclsions, a.ud consequently com;Josite octahedral -

te:rahedral layers are raadily for;ned. Only minor challf~es 

en i:n:eratomic dista.uces are necessary, dlld there wettld 

seem tc be little tendency for the unit to bend in the 

stackin:; arrangeillent of kaolinite, although large crystals 

wot:. l.d be unlikely. 



0 Oxygens 

(/J) Hydroxyls 

e A luminums 

• o Silicon• 

Fig. ( 1) Diagramatic sketch of the structure 

of the kaolinite layers. 
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In the layer common to the octahedral and tetrahedral 

.~r-:mps • two thirds of the atrolllS are shared by silicon a'ld 

alcL1inium, and then they become 0 instead of OH. Only t~no-

~jirds of the possible possitions for aluminium in the 

•)ctanedral 6heet are filled, and there are three possible 

pJo.nes of regulo.r population of the octahedral Lqer with 

al ... ..ciniu.ns. The aluminium atoms are considered to be so 

, luced tb.>t each t-v10 are separated by an OH above and belon, 

~hus makinG hexagonal distribution in a single pl~e in the 

Genter of the octahedri:i.l sheet, The OH groups are plgced 

so that each OH is directly belov,r the perforation of the 

:1ex., mnal net of ox,ygens in the tetrahedral sheet, 

'• c'·arge distribution in the layers is as follows :-

J -- 12 

Lj. Si+4 16 + 

'+ 
r',--

+ 2 (OH)- 10 (Layer COilllilOU to the tetrahedral '-' 

and octahedral sheets) 

I+ "3+ .ll..L 12 + 

'0]'- ~ -0 \ .:. ) 0 

The charges within the structural unit are balanced 

anc' the structural formula is (OH) 3 Si4 .u4 o10• The theori­

ticai co.aposition expressed as oxides is Sio2 46.5; Al
2
o3 

)o.~, E
2

C 13.96 ~. The analysis of many sa&ples of kaolinite 
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':cwe show·n that there is very small amount of subistitution 

o: iron or titanium for aluminium in relatively poorly 

c:'.•sto.lline variety (Ross a.'ld Kerr, 19)1). 

The minerals of kaolinite group consist of units of 

che c.Jpe just disoribed in the a and b directions forming a 

st.~cn:ed sheets above each other in the c direction. 

In case of kaolinite itself Brindley (1951), investigated 

'::'~·3 s'tacking of the unit layers. The mineral is triclinic, 

"' ;.15°A; b = 8.94°A; c = 7.38°a; C>:, = 91.8"; /3 = 104,5", 

a.J:·d 1 = 909 , Successive unit layers are so arranged that 

oxy ;en atoms and OH groups of adjacent layers approach one 

a:t,;ther in pairs. Because of the superposition of 0 and OH 

;: coC:.'10S in adj.;cent units t the units are held together fairly 

•;i; ·:ly by hydrogen bonding bet?Teen the layers. The plane 

tc; "Jeen the unit layer is a cleavage plane 1 which is not so 

r.c· /:•xmced in kaolinite. 

Grimshaw, Heaton, and Roberts (1946); Brindley and 

Rc:;isoL (1946); and Grim (1947), reported the presence of 

a :cc.ulin~te mineral of lower crystallinity than that of well-

crystallized material just noted. Brindley &"ld his colleae;ues 

( ,, : nd1 r \' _,r... ..Le._, , 1951; Ross and Kerr, 1931; and 3rindley and riobiso~, 

l ''+S) ~laVe investigated in detail socne exaw.ples of rather 


