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OZET

Bu c¢alismanin amaci seramik sanayi i¢in ekonomik ve teknik olarak
uygun genel kaynaklar saglamaktir. Bu amac i¢in se¢ilen El-Bahariya Kille-
rinden on Ornek alinmig ve bu orneklerin kimyasal, mineralojik, 1sisal ve
reolojik analizleri yapilmustir. Calismalar yalnizca bir ornegin seramik sa-
nayisi i¢in gerekli olan ekonomik ve tetnik sartlari sagladigini gostermistir.

ABSTRACT

The aim of the present research study is to propose local raw material
which meets the economic and technical requirements for ceramic
industry. El-Bahariya clay deposits were chosen for this purpose. Ten
samples have been chosen randomly to perform the chemical,
mineralogical, thermal, and rheological analysis.

Analysis of results obtained and ore reserve calculations show that
only one sample could be technically and economically used in ceramic
industry.
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1. INTRODUCTION

It is cusomary to define a ceramic product as an article made of clay with or
without the addition of other materids, shgped in plastic sage dried and then fired.
Importance of the raw materia characterization in ceramic indudtry is not questionable
and this is due to the fact that there is strong relaionship between raw materid
composition and their industrid behavior ( GRIM, 1962; KONTA, 1979; MANDOUR
, 1989). Many studies were made on El-Bahariya region but most of them were pointed
toward the minerdogy of the soils andothermateria in the region ( EISSA, 1976,
KHALIL, 1980; AWADALLAH, 1984, WASSEF, 1983; KHALIFA, 1984; KABIL,
1985; PHILIP, 1987). The present dudy is aming to subdtitute entirely or partidly
El-Bahariya clay, for those of Asven day which will have dear impacts on the
production costs.

Therefore a group of different andyss such as the grain size digtribution, X-ray
diffraction, oxides and soluble sdts content and rheologica experimentation were

caried out. This group of andyss in its total gave a propa characterization of the
cays.

2. MATERIALS AND EXPERIMENTAL TECHNIQUES
2.1. Location And Sampling Techniques

The Bahariya is a large naturd and ovd - shaped depresson exiging in the
northern part of the western Desat of Egypt. The investigated area lies between
latitudes 27°48" north and 28°28" north and between longitude 28°33" east and 29°11"
eed. It is a depresson of about 95 km. long and 45 km wide, with area about 1800
kn?, which is called El-gedidairon mine as shown in figure (1).

211 Mine Description

Theiron ore formation in El-Gedida mine is covered by an overburden layer which
contains mainly weethering products of ore associated with sand and gravel. The
sandstone bed forms 41.2% of the tota overburden, while clay represents 29%. The rest
condgs of 27.6% dluvium and 2.2% quartzite.
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El-Gedidairon mine has been divided into 9 blocks according to the amount of iron
oxide contents as shown in figure (2). Only four blocks have been found to contain
aufficient amount of clay. These are block 1, block 3, block 4 and block 9.

2.1.2 Sampling Technique

Sampling has been carried out usng verticd channd method. Each sample
represents the whole face and includes dl clay depost. Locations of different samples
are shown in figure (2). Collected samples can be described as follow:

A* Samples obtained from block(l) could be separated into three types of clays
according to their colours, green, yellow, and dark brown. These sampleswill be
defined as B3, B4, BS and B6.

B* Samples of block 3 have adso different colours, green, brown, red and yellow.
However, it is very difficult to separate them. The sample will be defined as B7.

O Samples obtained from the end of block (3) and the beginning of block (4) are
green clay (B8), yellowish whiteclay (B9 and BIO).

L> Samples obtained from the upper position of bench face of block (9) have pde
green colour (BI), while samples obtained from the lower postion have dark
green colour (B2).

The visud description of al samples has been presented in table (1).

Tabic (). Visual Description Of Collected Samples Table (2). Grain Size Distribution Of El-Baharlya Samples
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Figure (I). Location Map Of El-Baharlya Mine. Figure (2). Location Map Of The Different Blocks.
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22 Grain Sze Andysis

The grain sze digribution has been determined using Andreasen pipette method.
The analysis was carried out with a suspension containing from 1 to 3% by volume
solids. The cylinder was filled to a given mark with the well-shaken susgpension. The
pipette-holding stopper is inserted. Samples (10 ml.) are withdrawn at given times and
trandferred to glass evgpording dishes and solid content is found by evaporation and
drying a 110°C (SINGER, 1987).

2.3 Determination of pH and Soluble Salts Content
The samples were air dried, crushed and Seved through a2mm. Sieve as primary
preparation for andysisto determine the following:
A* Ph of ssturated paste by using Orion portable pH meter mold SA 210.
B* total sdinity by messuring the eectric conductivity of a paste.
C* Cdcium and magnesum by titration with versant (EDTA) usng  ammonium
purpurate as indicator for calcium and eriochrome black as indicator for calcium
plus magnesum (VOGEL, 1961).
I> Sodium and potassum by flame photometry (VOGEL, 1961).
E* Cabonate and bicarbonate by titration usng phenophthdin as indicator for
carbonate and methyl orange asindicator for bicarbonate.
P Sulfate by precipitation usng barium chloride.
G~ Chloride by using Mohres method.

24 X-Ray Analysis

X-ray diffraction andyds was carried out on clay fraction less than 2u in diameter
usng Phhilips PW 1140/90 X-ray gpparatus cu-k.apha radiation . nickd filter .Clay
sample were prepared on glass didesFour dides has been prepared for eech sample.
Thefour dideswere prepared as described dsewhere (ENKINS, 1985). they are:

A- ar dried Mg-saturated dide,

B* glycd solvated Mg-saturated dide,

G ar dried K-saturated dide,

D- k-saturated dide heated for 4 hours at 550°C.

Interpretation of the diffraction patterns is based on the presence of diffraction
pesks of eech crygtaline spedies in the sample. The intendity and sharpness of the pegks
are dfected by the concentration of the crystdline species, fineness of the crydds,

crysd imperfections and the presence of amorphous materials.
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The criteriafor identification of the clay and accessary mineras are the following:

A« Kaolinite, gives a strong reflections a angles corresponding to 7.16 A° and 357

A in the Mg-saturated air dried samples which remain constant in the other
treaments and disgppear upon heating at 550°C for four hours.

B« Montomorillonite (Smectite) exhibits abasd reflection (001) a about 14.0-14.5
A° for Mg-saturated and air dried sample which expands to 17.8 A° by adding
glycol solution and shifts to 100 A° &fter K-saturation and heating a 550°C for
four hours.

C- lllite (Hydrous mica) gives diffraction pesk a angles corresponding to
9.96-10.28 A° in the Mg-saturated air dried sample. There is change in pesk
position by different trestments.

I> Chlorites is detected by the presence of 14-14.7 A° pesk (first order) and
7.07-7.18 A° (second order) in al trestments. The presence of 4.72-4.9 A° pesk
(third order) further confirms its presence.

B» Sepidlite is identified by the presence of diffraction pesks a angles
corresponding to 12.05-12.3, 7.7-7.4, 449-4.5, 4.29-4.31, 3.73-3.75, 3.33-3.67
and 2.66-2.69 A%inall trestments.

F» Quartz, usudly givestwo farly strong pesks a angles corresponding to 3.35 and
4.26 A° which are stable pesks throughout the different trestments.

2.5 Chemical Analyss

So; AlLG;, FeNOj, Ti0,, Ca0 and MgO concentrations have been determined as
described by VVogd ,1961.

2.6 Determination Of Methylene Blue Index (Mbi)

The method depends on the addition of a gandard solution of methylene blue to a
clay in agueous suspengion until its cation exchange capacity is stidfied. This is
indicated by leaving the sugpension to settle and checking the supematent liquid which
will be coloured.

MBI=Val. taken X molarity of MB X 100/weght taken

MBI= c.ec (cation exchange capacity) - surface area
2.7 Determination Of Plagticity

The pfefferkorn test makes use of the amount of water needed for a powder sheped
in the form of a cylinder, I&ft to deform to a certain value of its origind height (1/3)
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under a dandard load released from a fixed digance as a measure for the plagticity
coefficient. The greater the amount of water neaded the more plagtic the material.

Results are plotted representing the relation between the amount of water added and the
ratio of deformed height.

2.8 Modulus Of Rupture

Specimens in the form of rectangles 1¥1*7 cm were moulded under a force of 30
KN processed by the semi-dry press method. The amount of water added was between 6
to 7 %. Specimens were subjected to test just after firing at 1050°C for sample B9. The
average of five gpecimens was taken. Test was carried out usng an Ingtron, the rate of
loading was 0.5 mm/min. Modulus of rupture is caculated from the following equation:

MOR=3LD/2bd
L: bresking load b: breadth of the rectangular pecimen
D: gpan between supportsin cm. d: depth of the rectangular specimen

2.9 Determinations Of Thermal Behavior

Secmens in the form of rectangles 1*1*7 cm were processed by the
semi-dry-press method under force of 10 KN. Specimens were left to dry a 110°C for
24 hours. Length of the respective rectangles was messured Lo Specimens were
mounted in the dilatometer (Orton). Hesting up with a congant rate was carried out up

to 100°C. The percentage of linear change was directly plotted on the graph( FRCU,
1991).
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Figure(4). Plasticity Coefficient Figure(5). Thermal Behaviour
Of El-Bahariya Clay Sample. Of El-Bahariya Clay Sample.
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3- Results And Discussion

The grain size digribution of the collected samples given in table (2) can be
divided into two main categories, the firg include samples of clay fraction less than
50% (samples Bl to B8), where the dominant grain size of samples fall in the range of

coarse and fine sand. The second category which include samples of clay fraction over
50% ,samples B9 and BIO.

A gpecial case can be noticed in sample B7 where the percentage of CaCO, rise

upto 8.3% which may be unacceptable in ceramic indugry, therefore it could be
excluded.

Figure (3) shows diffraction patterns of clay minerals separated from El-Bahariya
clay. From these patterns the predominant clay minerals can be etimated as shown in
table (3). Itsobviousthat kadliniteisthe dominant clay mineral in all collected samiples

except for sample B8 where illite is the dominant. Therefore sample B8 could be
excluded.

Table (4) gives the soluble salts analysis of the ten samples. It can be seen that the
sodium chloride is the dominant soluble salt in most of the samples specially samples
Bl and B2. The samples also contain calcium and/or magnesum sulphate. However,
the concentration of the sulphate is much less than that of sodium chloride in all
samples. Soluble salts analysis and eectrical conductivity measurements indicate that

samples Bl, B2 and B3 contain the highest concentration of saltsin decreasing order.

Samples Bl and B2 have similar pH which shows dight acidity while for the rest
of the samplesthe pH range between 7.6t0 7.9.

Table (5) gives the oxide analysis of the samples. It is clear that the firg eight
samples contain large amounts of Fe,0; especially samples B5 and B6 (mor e than 50%
Fe,03) which might cause large problems in ceramic industry and therefore these

samples may be excluded.
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‘Table (5). Oxide Analysis Of EL-Bahariya Samples
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Alumina is very important in the ceramic industry, sample B9 posses the highest
adumina content among the cther clay samples. Table (6) gives a summary of dl
rgected clay samples. From this table a primary decison could be taken.SamplesB9
and BIO are the mog preferable for ceramic industry because of the high percentage
kaolinite which is the backbone of traditionad ceramics and dso for the low Fex0;
content in comparison with the other samples. However the clay from which sample
BIO has been taken is not wel digtributed in the mine. This leaves only sample B9
which has high day contet and a the same time the resarve estimation gives
encouraging results.
3.1Thermal, Mechanical And Rheological Behavior Of Sample B9

Table (7) shows the unfired properties of sample B9. Methylene Blue Index (MBI)
is condderdly high which is an indication of the high surface energy and reactivity of
this sample. The modulus of rupture (MOR) for both green and dried conditions are
within acceptable range.

From figure (4) it can be seen that this sample has high coeffident of pladticity, this
result is confirmed by the large amount of water content and deflocculant (sodium
tri-poly phosphate) needed to form a dip. High plagticity might cause large problems if
the dry method is usad in ceramic indudtry.

The results of thermd behavior is demondrated in figure (5). The curve starts with
a concentration from 100°C upwards. The concentration was graduad and nearly
flattened with two troughs occuring a 200°C and 600°C with vaues 04 and 0.6%
respectively, followed by an abrupt contraction & 800°C. The totd contraction was
about 10.9%. From the linear thermd expandon measured for the fired specimens it
was found that it was about 872 XIO"®C" and the softening temperature was 880°C.
From table (7) it can be seen that sample B9 has low porosity (water absorption
0.38%) and high modules of rupture (304 Kg/Cm) which makes it suitable for ceramic
industry.
4. CONCLUSION
1* The day samples of El-Bahariya are characterized by reatively a high content of
FgO, becauseit lies among the iron bearing quarry in the area. The clay content
ranges between 20 and 75% but about 50% in mogt of the samples. The main
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clay minerd is kaolinite with quartz as minor consisent. The day contains
soluble sdtsin the form of chlorides, sulphates and bicarbonates.

2« From the previous andyds and cdculaion of the depost reserve, only one
sample B9 could be technically and economically used in ceramic industry.

3¢ Itsmaximum firing temperature is 880°C.

4* Basad on the obtained andyds, it was possible to set up a program for detailed
industrid experimentation using this sample. This program was carried out and
will be discussed in detail in future publication.
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