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Abstract 

The kaolin- bearing sandstone of Gabal El- Haythyat area belongs to Nagus 

formation, which has Cambrian-Ordovician age. The kaolin content in the sandstone is 

about 10% and occurs as discrete laminae and interstitial sand supporting matrix. 

Simple dry screening was carried out on a 40;' rn sieve to obtain two fractions; 

namely quartz sand and kaolin above and below 40;' m, respectively. Kaolin fraction 

was processed for ceramic evaluation. It shows a h~gh content of alumina, (35.75%), 

as well as a white colour and a degree of whiteness of 84% after firing up 1500°C. The 

composition and properties of the two fractions indicate their suitability for ceramic, 

glass, paper and other industries. 

Introduction 

Clays form the backbone of conventional ceramic industries. Physical 

characteristics and functional properties of clays paved their way for their application. 

Kaolinite group of minerals are appropriate for different applications, beside the 

manufacture of ceramics, e.g. paper, paints, plastic and rubber. Each industry requires 

specific composition and properties (Highley, 1984). The grade of kaolin applied in 

ceramic industries is defined according to the chemical composition taking into 

consideration the contents of alumina, silica, iron and titanium oxides. High alumina 

content grades of kaolinite raw materials are used to produce alumino-silicate 

refractories. While beneficiated kaolins are used in the manufacture of luxary 

porcelain, sanitary ware, dielectric chinaware and fibre glass. This is due that 

beneficiated kaolin contributes to the homogeneity of composition and properties of the 

product. 
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The world production of kaolin is now running at the.,16iri.tpa level. Of this 

figure, about 55% is used for paper industry..While the consumption by the ceramics 

and refractories sectors does not exceed 25% of the total output. Paints, rubber, 

plastics and some miscellaneous uses account for the remainder. 

In Egypt, the main reserves of kaolin deposits are found in Sinai Peninsula, 

along Red Sea coast and in Aswan area. ~hese 'de~os i ts  contain many impurities, e.g. 

iron and titanium bearing minerals and are mainly used for the production of off-white 

ceramic products. 

lbrahim et al., (1984) and (1993) studied some of the Egyptian kaolin raw 

materials and they stated that these kaolins are suitable for ceramic and paper 

industries after beneficiation. Several attempts were directed to the kaolin bearing 

sandstone in Sinai. Hegab et al., (1992) as well as Abdel Razek (1994) investigated 

some of these kaolins for ceramic and paper industries. 

For this study the kaolin bearing sandstone of Gabal El- Haythyat, Gulf of 

Aqaba area, south Sinai, Egypt is choosen. Kaolin content is about 10% and is readily 

separable by dry sieving. The present study aims to concentrate and evaluate the 

white soft kaolin present in the kaolin bearing sandstone existing in Gabal El - 

Haythyat, south Sinail, Egypt. 

Experimental procedure 

A representative sample of kaolin bearing sandstone (50 kg) was processed 

on a laboratory scale by crushing with a rubber hammer to liberate the fine kaolin from 

the coarse sand. The sample was then dry screened using a 4 o P m  sieve. The 

screening process gave two fractions above and below 4 0 p m  size. These two 

fractions were weighed to calculate the sand and kaolin recovery. The original sample 

as well as the - and + 4 0 p m ,  fractions were investigated for their chemical and 

mineralogical composition using X-ray Fluorescence (XRF) , X- ray diffraction (XRD), 

differential thermal analysis (DTA) and differential scanning ca'lorirnetry (DSC) 

methods. Also, the morphology of the separated fractions was identified by scanning 

electron microscop (SEM) . 

The kaolin rich fraction (below 40k' m) was shaped by semi-dry pressing into 



Evaluation of Kaolin beering sandstone from ... 

d~sc samples wrth 2 50 cm d~arneter and about 0 4 cm th~ckness The pressed samples 

were dried over n~ght at 110°C and then f~red In an electrlc furnace between 1225°C 

and 1500°C at a rate of 3"Clm1n up to v~trif~cat~on The phys~cal properties In terms of 

water absorption, bulk density, apparent poros~ty, h e a r  f m g  shrmkage and wh~teness 

were measured accordmg to ASTM standard - C20 - 74 

Results and discussion 

The kaolm bearmg sandstone of Gabal EL- Haythyat area Fig (1) belongs to 

Nagus format~on, Cambrian- Ordov~c~an age, (Issawi, 1982) Kaolm in the sandstone 

occurs as d~screte lammae and mterstltlal sand supportmg matr~x Thrs kaolm IS 

bel~eved to be the result of the decompos~t~on of feldspar mlnerals of the nelghbour~ng 

Igneous and metamorph~c terram 

X-ray d~ffract~on patterns of the orlgmal kaolln - bearmg sandstone as well as 

the fractions above and below 4 0 ~ '  m are shown in Figure (2). Quartz, kaolinite and 

feldspar minerals are the main constituents. Quartz is concentrated in the coarse 

fraction (above 4 0 p  m), while the kaolinite in the fraction less than 40P m . The type 

of feldspar is belonging to plagioclase (albite). The average chemical composition of 

the kaolin - bearing sandstone sample and its fractions is presented in Table (1). The 
\ 

silica content reachesz%% in the original sample, which reflects the high content of 

quartz as well as the low content of alumina (3.52%) with other constituents 

amounting 0.5%. This indicates the high purity of kaolin - bearing sandstone sample 

and its high content of quartz sand and low kaolin content. This is confirmed by the 

weight percentage of the fraction separated on 40 m sive (92.0%) and the - 40 m 

fraction (8.0%) as illustrated in Table (1). The fraction below 40 p m shows relatively 

higher contents of A1203 (35.75%), Ti02 (0.23%) and Fe203 (0.66%) as well as lower 

3 0 2  (49.93%) and CaO (0.06%) as compared with the corresponding of the + 40 p m 

fraction. The latter fraction contains 98.90% 3 0 2  and 0.58% A1203 with minor 

amounts of Fe203 (0.024%), Ti02 (0.06%) and CaO (0.14%). The high contents of 

A1203 (35.75%) and loss on ignition (13.53%) of the - 40P m fraction reflect its high 

content of kaolinite mineral (A1203. 2 Si02 . 2H20). Figure (3a,b) shows the 
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predominance of different forms and shapes of kaolinite particles characterized by 

pseudomorphs of feldspar minerals after kaolinization. On the other hand, the + 

40dUm fraction is composed mainly of quartz sand (Si02) as indicated from its very 

high content of Si02 (98.90%) and rather low A1203 (0.58%) and loss on ignition 

(0.60%). Figure (4) exhibits different shapes and sizes of angular quartz grains in the + 

40 m fraction. 

The basic conditions for evaluation of first quality washed kaolins for ceramic 

industry are white colour after firjng up to 1400°C and a maximum admissible content 

of total iron Fe203 (0.90% to 1.1%) and Ti02 (0.30% to 0.50% ). The sum of Fe203 

and Ti02 should not exceed 1.1% (konta, 1979) or 1.2% for second- rank quality 

kaolins and a maximum content of alumina 36% (and 34% for the second quality 

kaolins). In fraction below 4OP m, the level of the total colouring oxides, (Fe203 and 

Ti02 ) amounts ,0.89%, which is lesser than that of high grade kaolins. Moreover, the 

content of A1203 (35.75%) lies in the group B according to Seger's classification 

(Schicht, 1967). 

The silica in the form of quartz is concentrated in the fraction above 40 m 

Therefore, thrs fractron can be used as a glass-sand raw materral and can be directed 

to the manufacture of glazes, frit and ceramrc bodies Also, th~s fractron with its low 

alumina content (0 58%) can be used in the productron of refractory superduty silica 

brick 

The d~fferentral thermal analys~s and d~fferentral scannlng calorrmetry curves 

are shown In Frgures (5 and 6 ) The DTA curve, of the orrgrnal sample, shows a very 

weak endothermlc trough at about 575"C, endothermlc peak at about 780°C and 

exothermic peak at about 980°C The first endothermrc trough at 575°C IS due to the 

low- high polymorph quartz transformation The endotherrnrc peak at 780°C IS probably 

due to the presence of trace amount of calcite (CaC03) mineral The exothermic peak 

at 980°C is related to with 302-rich spinel crystallization (Grim , 1962). 

The + 40p m fraction shows similar DTA Curves as the original Sample. On 

the other hand, the - 4 0 p  m fraction which is rrch in kaolinite shows a broad and 
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intense endothermic reaction between 450 and 700oC with an intense exothermic 

peak at about 980oC. Both of these peaks are characteristic for the dehydroxylation of 

kaolinite mineral followed by the recrystallization of some alumino-silicate with spinel 

structure (Grim,1962). 

The presence of quartz sand is confirmed from the DSC curve shown in Figure 

(6). The intense endothermic peak detected at 57506 is relevant of low-high quartz 

polymorphic transformation. The intensity of this peaks is increased in the- order - 

40 m fraction < original sample <+40 rn fraction. 

The fraction less than 40 m was choosen to carry out the tests needed for 

ceramic industries. Table (2) shows the results of physical properties of samples fired 

between 1225°C and 1 500°C.As expected, as the firing temperature increased the 

water absorption and apparent poros~ty decrease with the increase of bulk density and 

firing shrinkage. These properties are taken as indication for the degree of vitrification. 

During firing below 100O0C, the fired samples loose their adsorbed and lattice water . . 
At about 1000"(3, the decomposed meta-kaolinite components, (alumina and silica) . 

react together and a silica-rich spinel is formed, followed by the crystallization of mullite 

up to 1400°C, Grim (1962). Figure (7)  exhibits the XRD patterns of the samples fired at 
.+ 

1400°C as processed from the - 4 0 p m  fraction. It is noticed that the detected - *  

crystalline phases are mullile, quartz and cristobalite. Silica is released and crystallizes 

as cristobalite. The formation of mullite and cristobalite is usually controlled by the 

vitrification range, which is the temperature interval between the early point for liquid 

phase formation and the development of enough liquid to vitrify the fired samples 

without deformation. 

From the obtained data of Table (2), it is noticed that the fired samples start to 

vitrify at about 1300°C and the end of its vitrification range occurs at 2 1500°C. At 

1300°C and 1500°C, the values of water absorption and bulk density are ranging 

between 10.09 and 2.23% as well as 2.12 and 2.38 glcm3, respectively. Moreover, 

the complete vitrification can be expected to occur after firing above 1500°C. This 

Fraction contains high content of kaolinite and low content of fluxing oxides. Also, the 
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whiteness of the samples fired at 1400°C with the colour observed by the naked eye 

are listed in Table (2). The fired samples show a white colour with a wh~teness of 84%. 

Conclusions : 

Simple dry screening method can be easily used to produce high grades of 

kaolin (8% )as well as 92% quartz sand fractions. The kaolin is of white colour when 

fired at 1400°C and can be used for luxury porocelain, sanitary ware, dielectric 

chinaware and fibre glass production. While the sand can be used as a glass-sand raw 

material and can be directed to the manufacture of glaze and frit and for ceramic 

bodies. 
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Fig(1) Panorama View of Gabal El-Haythyat area, South Sinai, Egypt, 
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a Quartz 
x Kodini ie 
A Albite 

Fig.(2) XRD patterns of the original kaolin-bearing sandsotne sample as well as its 

two fractions above and below 40p m. 
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Fig@) DTA curves of the original kaolin-bearing sandsotne sample as well as its 

fractions above and below 40 " m. 
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Fig.(7) XRD patterns of the -40p m fraction after firing at 1400 %. 
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