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ABSTRACT 

Abou-Zaabal basalt and Fayoum clay were investigared in order lo replace the Nile silt which until 
now has been used for the manufa’cture of building bricks. JThc quantity of silt diminished after the 
construction of the Aswan High Dam in Egypt. Thermochemical.studies were carried out on thee 
materials to show their mineralogical construction. A mixture of basalt powder and clay (75% : 25% by 
weight) was prepared as bricks to show the suitability of basalt as a substitute for clay. 

The results showed that the semi-alter& basalt consists of some clay minerals as well as the minerals 
of fresh basalt. The resultant products increase with decrease in grain size of the basalt. The basalt : clay 
(75 : 25) mix can bc used for, the manufacture of building bricks. 

INTRODUCTION 

The amount of Nile silt required for the manufacture of brick in Egypt became 
less after the construction of the Aswan High Dam in Egypt. Accordingly, research 
projects are now being carried, out in order to discover substitutes for this raw 

material. Ibrahim anti Gad [I,21 have used shaley deposits and clay for making 
common brick. The cl+ys are, in general, highly plastic materials of kaolinitic 
fire-clay .type, with varying proportions of t&e-layer minerals in different stages of 
decomposition. The efficient use and processing of these clays is only possible by 
adding the required amotit of plasticity reducing agents. Basalt powder cq be one 
of these mate+&. Basalt is a volcanic, holocrystalline finegrained rock. It is the 
most abundant of extrusive rocks, occurring chiefly as flows and also as a pyrocIastic 
material. B&t is..& main constituent of oceanic isIands and also the common 
component tif contineritalmasses. Plagiocfase fekispars (fabiadoritti) tid pyroxenes 
(augite) are the,major.mineral$, with ilmenite, magnetite, olivine and 0ther.accessor-y 
*e&s [3]: .‘_ 

Basalt is found & sotie localities on the borders of the Nile Delta aS basaltic 

004Q-603 IiS I /OOQO-v/&.75 .Q 198 I. ELsevier Scientific Pub&hing Company 



316 

extrusions in the form of sheets. The uppermost layer of the basaltic extrusions is 
known as weathered basalt, which is an intermediate stage of alteration of the fresh 
basalt into clay. Grim [4] and Searle and Grimshaw [5] concluded that clays derived 
from basic igneous rocks such as basalt are usually rich in montmorillonite. 
Accordingly, it was thought that brick could be obtained by using basalt powder. In 
order to obtain the paste of basaltic powder of good plasticity, it was decided to mix 
it with some clay [6]. 

Therefore, the variation in weight and expansion or shrinkage of such minerals 
due to the effect of heat seemed to be a matter of interest to the technology of firing. 
The mineralogical composition of materials used in the ceramic industry can be 
determined by derivatograms. Thermochemical studies were carried out on Abou- 
Zaabal basalt and Fayoum clay to show the mineralogical constitution of each. The 
mixture, consisting of 75% basalt and 25% clay, was made as bricks to show the 
suitability of these raw materials for brick manufacture. 

EXPERIMENTAL 

The materials used in this work- are basalt powder (Abou-Zaabal), and clay 
(Fayoum), Egypt. The chemic’al analysis is given in Table 1. The pre-crushed lumpy 
basalt was ground, using a roller mill, to a granulation of O-3 mm. The output was 
further ground on a laboratory fine roller mill (gap setting 0.8 mm) and sieved 
through a 1 mm sieve. Lumps of clay were ground in the same.manner. 

The mineral constitution of the raw materials can be identified using an X-ray 
diffractometer (CuKa radiation and a scan speed of 28 = 2OC mm-‘), and a DTA 
analyzer at 10°C min -‘. The thermal behaviour and weight loss of the clay, basalt 
C 1 mm, fine basalt (20 pm, medium 20-40 pm and coarse basalt from 40 @rn up 
to 1 mm were determined. The reversible thermal expansion or shrinkage of the clay 
and also the mix (75% basalt: 25% clay) were measured from room temperature up 
to 105OOC on heating and cooling. 

As a second step a mix was prepared from basalt and clay with the above 
percentages. The clay was mixed with all the necessary moisture and allowed to 
stand in a desiccator for about 16 h. The amount of basalt powder under 1 mm was 
then added and homogenized in a laboratory screen feeder. The .rnix was also 
allowed to stand for about 16 h. Extrusion was then performed using a two-stage 
de-airing extruder operated under vacuum. It was relatively easy to extrude .tis mass 
into solid and perforated briquettes with 45% perforation and two cores. The 
samples were then marked with shrinkage marks and weighed in order to determine 
the linear shrinkage and also the loss in weight upon drying and firing. The 
briquettes were dried to constant weight at 105OC before firing in an electric furnace. 
at 950°C and soaked for 4 h. Physical properties such as ‘cold’ crushing strength,. 
apparent porosity and bulk density were measured [7,8]. 
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RESULTS AND DISCUSSIONS 

Labradorite was found to be the main constituent of the basalt sample (semi- 
altered), as shown in Fig. 1. Augite, ilmenite‘and magnetite, as well as alteration 
products were also identified. These alteration products are represented mainly by a 
montmorillonite-illite mixed layer. The X-ray diffraction pattern of the clay sample 
also showed that this clay consists of kaolinite, illite, montmorillonite, quartz and a 
montmorrillonite-illite mixed layer. 

Differential thermal analysis of the basalt, fine, medium, and coarse fractions, 
and atso the clay are shown in Fig. 2. Ramachandran [9] indicated the characteristic 
endothermic and exothermic effects of different clay minerals. The results show 
endothermic effects with peak temperatures in the range 25-22OOC. This may be 
related to the removal of the moisture and to the interlayer water loss from kaolinite, 
montmorillonite and illite. The endothermic reaction peaks at about 220 and 310°C 
in the basalt samples may be due to the loss of water present in the colloidal 
constituents and to dehydration of some iron hydroxide. 

&Z-ILL 
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Fig. 1. X-Ray diffraction pattern of Fayoum clay and Abou-Zaabal basalt. Mo=Montmorillonite: 

Ill=illite: Ka=kaolin; Qz=quartz: La=labrado&: AG=augite and Ilm=ilmenite. 
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Fig 2 Differential thermograms of A, normal basalt < 1 mm; B. coarse basalt: C. medium basalt: D. line 
basalt; and E, clay. 

Many of the clay minerals show an endothermic peak in the range SOO-84OOC 
associated with loss of structural OH-ions. The endothermic effects at about 520 and 
685°C are due to the loss of OH ions from the ill.&, montmorillonite and kaolinite 
present in the basalt samples. The intense endothermic peak at 580°C in the clay 
sample may be due to the hydroxylation of kaolinite. The weak endothermic effects 
with peak temperatures at 770-790°C and 84O*C may be attributed to the dehy- 
droxylation of montmorillonite. 

Some of. the clay minerals undergo an endothermic reaction in the region 
80&950°C which is often followed by an exothermic reaction, and is attributed to 
recrystallization. The S-shaped endothermic/exothermic peak of montmorilionite 
appears at 850-900°C. This is due to the destruction of the-original structure of the 
clay minerals and formation of new phases such as silicates. The endothermic effect 
at 70&900°C~may alsobe’attributed to the calcination of the dolomitic limestone. 

The results .iql.icate-that the fme basalt is markedly illitic-montmorillonitic in 
character. This partly-applies to’ the medium sized fraction. The amount of clay 
minerals increases ~6th d&crease in grain size of the altered basalt. From the results 
of X-ray d@nigomt%ry and DTA it is clear that the clay sample is composed of 
kaolinitic fire-clay and a proportion of montmorillonitic-illitic mixed layer. Free 
quartzwaS&identified. ... : 

: lJ~g .t@nal~gra&netric analysis of clay and basalt samples $z shown in Fig. 3. 
The total weight IoH in the:c+e.of clay, .basalt C 1 mm, fine, medium and. coarse 
basalt.ranges &e l&9& 4.90,- 3JO, S.+O ar&lO%, respectively. The low-temperature 
region(25-.25O”C) has the wujatioq4.&, 2.50, 1.30, 1.70 and 3.30%. for all samples, 
resp&vely. .‘The.~lo.ss &weight- in- this .region is’ mainly. due to humidity and 
&t&ayer.. water. losses from kaol&ite, .mon(morill~nite and-iljite- [IO]. -TG curves of I.-- .._. 

. . ,. 
: : 
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Fig. 3. Thermal gravimctry of A. basalt < I mm: B. coarse basAt: C. medium basalt: D. fine basalt: and 
E clay. 

the above-mentioned samples indicate that the loss in weight in this region takes 
place in one stage in some samples. This is attributed to the presence of some 

colloidal constituents. The loss in weight of medium basalt represented by the DTA. 
curves at about 300°C is due to the hydroxylation of small amounts of iron hydrate. 
This indicates that the iron hydroxide in basalt is found in the medium fraction. 
Weight losses of 5.50, 0.50, 0.35, 0.75 and 1.35% were detected in the temperature 

range 500-640°C on the TG curves of clay, normal basalt, coarse, medium and fine 
basalt samples, respectively. This loss can be attributed to the hydroxylation of clay 
minerals such as kaolinite, montmorillonite, and illite. The presence of these miner- 
als was confirmed by the strong endothermic reaction peaks on the DTA curves of 
the samples. 

TG curves of the basalt samples indicate that’ basalt does not con&n any 
carbonate matter. The loss in weight of the clay sample. in. the temperature tigc- 
640- 1000°C may be due to the decomposition of small amounts- of. &so&ted. 
carbonates. On the other hand, the TG curves of the.basa.lt samples-show a weight 
loss in the tempera& range up to 84O”C, which is also attributed to montmoiil- .:. 
lonite dehydration. : : .y ., 

From the TG curves of the basalt sample&is indicated that b&a& is~composed 

of a percentage of. montmorillonite-itlite mixed layers in -addi&oti_’ tothe~~~‘cl+ 
‘. .I. 

: : ,. 
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Fig. 4. Reversible linear expansion of clay and mix (75% basalt: 25% clay) fired between 25 and 1050°C. 

heating and cooling. 

minerals. By dividing the loss in weight in the range 500-640°C of basalt samples by 
weight loss of clay, it is concluded that the percentages of clay minerals for normal 

basalt, coarse, medium and fine basalt are 9.09,5.45, 13.64 and 25.54% respectively. 
Figure4 shows the thermal expansion and shrinkage of the clay and the mix (75 

basalt: 25 clay) on firing and cooling from 25 to 105OOC. The results show that the 
addition of basalt to clay improves the thermal behaviour of the clay, i.e., decreases 
the expansion on firing and also increases the reversible expansion on cooling Clay 
expands slowly up to 760°C then contracts sharply up to 1050°C. The magnitude of 
thermal expansion from room temperature to 760°C reaches 2.50%. On prolonged 
firing up io 1050°C, it shrinks markedly by about 16.50%. On cooling the reversible 
expansion occurs by about 2.50%. 

In the case of the mix (75 basalt: 25 clay), it expands up to 780°C and then 
contracts up to 105OOC. The magnitude of expansion and contraction ranges are 
1.75 and 2.20%, respectively. It contracts sharply on firing from 785 to 875°C and 
then slowly to 1050°C. On cooling it expands by 3.30%. It is clear that the thermal 
behaviour of clay is improved by the addition of basalt, i.e. it exhibits reversible 
expansion on heating and cooling. Therefore basalt can be used as a substitute for 
clay and also as a plasticity and expansion-shrinkage reducing agent of the clay. 

The physical properties of the prepared briquettes, solid and perforated, fired at 
95OOC for 4 h soaking time are shown in Table 2. It is clear that the perforation of 
the briquettes improves the physical properties of the fved samples. The briquettes 
produced were of satisfactory quality and the results obtained are in the range of 
International Standards [7,8]. 

CONCLUSIONS 

From the above findings the following conclusions may be drawn. Abou-Z&abal 
basalt consists of labradorite a; the main constituent, v&h augite, ilmenite and also 
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alteration products of ~ontmorillonit&illite mixed layers. Fayoum clay has kaolinite, 
montmorillonite, &ite and al& .a montmorillonite-illite mixed layer with some 
q&.rtz. Fine basalt is. more’ altered than the medium tid the coarse fractions. The 
.clay minerals in the above samples have the contents 5.45, 13.64 and 24.54% 
respectively. The basalt can be used as a substitute for clay, as a plasticity, 
.expansion- shrinkage reducing agent. 
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