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ABSTRACT 

The present work focuses on the mineralogical and swelling analysis of clay material samples collected from 
Tunisia, Egypt and Italy. The samples were selected with the objective of analyzing their characteristics regarding 
chemical composition, loss on ignition, X-ray diffraction, infra red spectral (IR) analysis and sweling analysis. The 
sedimentary red clays have low amount of SiO2, high amount of Al2O3, and high loss on ignition. In addition, it was found 
that the character of the clays is typically kaolinitic. The results obtained show that the clay samples have a variable 
mineralogical composition. Kaolinite alone constitutes between 15 to 36%, illites varies from 20 to 53%, smectite ranged 
from 2 to 85% and halloysite ranged from 0 to 100%. Isothermal dehydration established for these six clay samples show 
that the largest loss of water is at the beginning of the dehydration to p / po between 1 and 0.95. The clay of Egypt (E2) is 
the most hydrated sample throughout the RH domain, and its isotherm is located above the other five. The clay sample 
Kasserine is the least hydrated its isotherm is located below the other five. 
 
Keywords: clay materials, mineralogy, swelling analysis, isotherm dehydration. 
 
INTRODUCTION 

Clays are raw materials abundantly found, and 
widely used by the ancient civilizations to make Figures 
and ceramic artifacts (F. H. Norton, 1974; R. A. Habe et 
al., 1991). Nowadays, they are still used in the 
manufacture of ceramic products such as bricks, roofing 
tiles, porcelain, sanitary wares, wall tiles and floor tiles, 
and also are used in different industrial chemical 
processes. Clays are polymineralic fine-grained inorganic 
materials (< 2 µm), being constituted essentially of clay 
minerals and non clay materials as impurities. Clays are 
seldom pure. Each of these constituents contributes to the 
plastic forming and fired characteristics of the ceramic 
bodies. The clay minerals are hydrated aluminosilicates 
with layer structures that are responsible for the 
characteristic properties of the clays. There are a variety of 
clay minerals, including kaolinite, halloysite, illite, 
montmorillonite, chlorite, among others (C. F. Gomes, 
1988; P. S. Santos, 1989). 

Clays are of immersed geological, industrial and 
agricultural importance (Murray, 1963; Ekosse, 1994). 
The mineral assemblage of clays helps in understanding 
and management of erosion and flood related problems 
(Kotoky et al., 2006), and in the construction of tunnels, 
road cuts, fills and dams (Oden et al., 2001). Depending 
on the physical and chemical characteristics, clays may 
find application in a number of industries such as plastics, 
paint, ceramics, ink, catalysts, pharmaceutical and fibre 
glass among others (Worall, 1975; Murray, 1980; Emufu 
rieta et al., 1992). 

In this paper the chemical and mineralogical 
composition of representative sedimentary clay samples 
from different regions were examined. A wide range of 
techniques was employed, including X-ray diffraction 
(XRD), infra red spectral (IR) analysis, X-ray fluorescence 
and swelling. Thus, the present study is designed to use 

different analytical techniques to characterize clay 
materials with the view to assessing their chemical 
composition and relating them to their suitability for use in 
industries. 

The present work focuses on analysis of six clay 
material samples materials from different regions of 
Tunisia (Kairouan: E1; Medenine (Tejra): E3, Gafsa (El 
Haria): E4, and Kasserine: E5) of Egypt and Italy E2: E6, 
respectively. 
 
EXPERIMENTAL 
 
Materials 

In this work for clay samples from different 
regions of Tunisia: kairouan E1, tejra E3, gafsa E4 and 
kasserine E5, egypte E2 and E6 italie were used.  
 After crushing, the samples were subjected to 
various treatments to remove the clay fraction (M. Robert 
et al., 1974): 
 
a) Removal of rude material by sieving. 
b) Treatment with acid to the clay-limestone materials. 
c) Oxidant treatment for the removal of organic matter. 
d) Wash with distilled water to obtain a suspension. 
e) Extraction of less than 2 µ m adopted by regulation 

under the law of particles stocks. 
f) Drying at 60 ° C. 
g) Spraying. 
 
Methods 
  X-ray diffraction analysis was performed (URD-
65 Diffractometer, Seifert) using monochromatic Cu-kα 
radiation at 40 kV and 40 mA over non-oriented 
specimens. 
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Scanning speed was 1.5º (2θ)/min. The phases 
were identified from peak positions and intensities using 
reference data from the JCPDS handbook. 

Oriented deposits were made by mixing the clay 
particles with 5 cc of distilled water. Then two to three 
drops of this suspension is deposited using a syringe into 
the groove of the glass plate or on a non-grooved plate. 
Three types of slides were prepared: 
 
 Normal blade: a diffraction X-ray is recorded from the 

air-dried blade. This is the reference pattern which we 
refer to judge the displacement caused by other 
treatments. 

 Blade heated to 490°C: the blade is heated at 490°C 
for 4 hours. This treatment destroys the kaolinite and 
respects chlorite (ray 14A). 

 Blade treated with ethylene glycol: the blades are 
placed overnight in a desiccator in an atmosphere of 
ethylene glycol. This treatment swells the smectite and 
vermiculite in some cases (C.H. Green Walt, 1924; T. 
Holtzapffel, 1985; F. Jamoussi, 2001). 

 
 Chemical analysis of the clay powders was 
determined by X-ray fluorescence. The loss on ignition 
(LOI) was determined according to LOI = (Wd - Wf)/Wd 
x 100, where Wd is the weight of the dry sample at 110 
ºC, and Wf is the weight of the calcined sample at 1100ºC 
during 1 h. 

The fourier transform infra red spectra of the 
samples were recorded between 400 and 4000 cm-1 on 
IF566V/S beam spectrometer. Measurements were carried 
out at room temperature by diffused reflectance method 
(mixture of the sample with KBr in a ratio of 
approximately 1:20). The KBr window using Mir infra-red 
source operated at 5 mbar vacuum at room temperature 
with a voltage of 220 V x 10 A single phase and a 
frequency of 50 Hz was used. 

Hydration of different clay samples was 
performed using the following method: 1 gram powder of 
dried clay to 110°C was subjected to an imbibing. The 
imbibition is through a glass tube whose bottom consists 
of a porous plate. The bottom of the tube is held in contact 
with the water, which gradually penetrates into the powder 
from the bottom (Kamel M.W., 1981). (Figure-1). 

Progressions of weight gain to near saturation 
were measured. 

Isothermal dehydration of clays were performed 
based on the principle of gradually dehydrate previously 
saturated water samples. Each sample saturated with water 
is placed in a small glass capsule itself on a repository of 
plastic. This reposoir is attached to the bottom of a sealed 

box (Figure-2). Each box contains 100 ml of water-
sulfuric acid solution (Turki F., 1987). 
 

 
 

Figure-1. Schematic of experimental mounting hydration 
(Kamel M.W., 1981). 

 

 
 

Figure-2. Experimental device of dehydration of clays 
(Turki F., 1987). 

 
For each experimental condition, 2 to 3 

measurements were performed to estimate the 
repeatability. The repeatability was quite good and the 
data presented represent the results obtained beyond the 
experimental error. 
 
RESULTS AND DISCUSSIONS 

The results of mineralogical analysis of the clay 
samples in the present investigation, presented in figure3 
and Tables 2-3, show that the clay samples have a variable 
mineralogical composition. Kaolinite alone constitutes 
between 15 to 36%, illites varies from 20 to 53%, smectite 
ranged from 2 to 85% and halloysite ranged from 0 to 
100%. 
 

The chemical compositions of the sample clays 
are shown in Table-1. In this table the SiO2/Al2O3 ratio is 
also shown. All the clays present high amount of SiO2 and 
high amount of Al2O3, whose SiO2/Al2O3 ratio varied 
between 1.17 and 3.01. This indicates that the studied 
clays have high amount of clay minerals, kaolinite, 
smectite, illite and halloysite according to the results of X-
ray diffraction (Figure3). 
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Figure-3. X-ray diffraction of blades oriented depending on the nature of the processing 
of the samplesE1, E2, E3, E4, E5 and E6. 
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Table-1. Chemistry of phyllic fraction of the different samples. 
 

Samples SiO2 Al2O3 SiO2/Al2O3 MgO CaO Fe2O3 TiO2 Na2O K2O PF 
E1 49.32 24.39 2.02 2.25 1.48 4.73 1.50 0.60 0.87 14.86 
E2 53.50 19.62 2.72 3.31 0.82 6.45 0.15 1.64 0.87 13.64 
E3 43.11 22.17 1.94 4.21 0.48 7.35 0.10 0.55 3.89 18.14 
E4 46.24 15.34 3.01 2.04 14.75 2.07 0.09 3.84 2.89 12.74 
E5 44.22 37.63 1.17 0.07 0.20 0.10 0.13 0.14 0.52 16.99 
E6 50.48 20.84 2.43 2.79 4.84 5.71 0.12 0.75 2.76 11.71 

The observed large amount of silica, alumina and 
iron contents suggests that the clays could be used for a 
variety of purposes Magnesium oxide; calcium oxide, iron 
III oxide and sodium oxide are among the major 
significant impurities found in the clay samples. The % of 
other oxides such as Potassium oxide, titanium dioxide is 
comparatively lower than those of aluminium and silicon. 
A comparison of the total percentage of Al2O3, SiO2 clay 
samples shows that it could be used in paints 
manufacturing industry (V.N. osbar, 2009).   

For good refractory characteristics, clay should 
have a percentage composition of Al2O3, between 30 and 

50% with a limited amount of Fe2O3, T1O2 and CaO 
(Ryan, 1976). So, E5 fall into recommended refractory 
work. 

The oxides of sodium, potassium and magnesium 
are the main fluxing and ion exchange materials in clays. 
Thus, the vitrification and ion exchangeable materials of 
these clays are expected to be low. However, a disvantage 
for use of E4 in brick making since a high level of CaO 
can cause undesirable expansion and subsequent cracking 
in structures (V.N. osbar, 2009).   

 

Table-2. Identification of clay minerals of the six samples (Cailleres S. et al., 1982). 
 

Clay minerals (en Å)  
 
 kaolinite illite Smectite halloysite 

E1 
 

N 
EG 
Ch 

7 
7 

destroyed 

- 
- 
- 

14 
16 
10 

- 
- 
- 

E2 
 

N 
EG 
Ch 

7.16 
7.16 

destroyed 

- 
- 
- 

14.97 
16 
10 

- 
- 
- 

E3 
 

N 
EG 
Ch 

7.2 
7.2 

destroyed 

10 
10 
10 

15 
16 
10 

- 
- 
- 

E4 
 

N 
EG 
Ch 

7.24 
7.24 

destroyed 

10.07 
10.07 
10.07 

14.06 
16 
10 

- 
- 
- 

E5 
 

N 
EG 
Ch 

- 
- 
- 

- 
- 
- 

- 
- 
- 

7.13 
7.13 

destroyed 

E6 
 

N 
EG 
Ch 

7.15 
7.15 

destroyed 

10 
10 
10 

15 
16 
10 

- 
- 
- 

 

N: Normal, EG: Ethylène glycol, ch.: heating at 490°C 
 
 

Table-3. Mineralogical composition of the fine fraction. 
 

clay materials Mineralogical composition 
E1 64% smectite + 36% kaolinite 
E2 85% smectite + 15% kaolinite 
E3 2% smectite + 45% kaolinite + 53% illite 
E4 60% smectite + 20% kaolinite + 20% illite 
E5 100% halloysite 
E6 22% smectite + 36 % kaolinite + 42% illite 
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Figures-4-9 shows the IR spectra of the clay 
samples studies. On the basis of the frequency of 
vibrations in the low infra red region between 400 and 
1200 cm-1, (425-472 Si-O, 522-540 Al-O-Si, 693-696 vs 
Si-OSi, 913-914 Al-O-H, 1003-1040 Si-O, 1101-1112 vs 
Si-O-Si) the bands are associated with the stretching 
vibrations of S-O and Al-O tetrahdral vibration, Al, Fe and 
Mg octahedral and Si-O-Si octahedral vibrations. 4 types 
OH absorption bands were observed in the IR spectra of 
the clay samples within the infra red region of 3500 - 3700 
cm-1 (Table-4). 

These are 3695-3699 cm-1 for free OH groups 
situated at the surface of dioctahydral layer, 3648-3658 
cm-1 for interparticle hydrogen bonded OH groups situated 
at dioctahydral surface, 3620-3624 cm-1 for hydrogen 
bonded OH groups situated between the layers and 3400-
3445 cm-1 for intra particle hydrogen bonded OH groups 
situated at the unoccupied position of the tetrahydral layer. 
The results obtained in this study compares favourably 
well with those reported in the literature (Szabo et al., 
1974; Velda, 1992; V. N. Osabor, 2009). 
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Figure-4. Infra-red spectrum of the sample E1. 
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Figure-5. Infra-red spectrum of the sample E2. 
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Figure-6. Infra-red spectrum of the sample E3. 
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Figure-7. Infra-red spectrum of the sample E4. 
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Figure-8. Infra-red spectrum of the sample E5. 
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Figure-9. Spectre Infra-Rouge de l’échantillon E6.
  

Table-4. Results of the analysis by infrared spectroscopy. 
 

E1 E2 E3 E4 E5 E6 Attribution 
3697 3696 3695 3697 3696 3699 
3621 
3650 

3622 
3655 

3621 
3649 

3620 
3656 

3621 
3652 

3624 
3648 

νOH valence linked to Al-OH 

3440 3419 3400 3445 3441 3400 νOH valence H2O 
1635 1637 1640 1652 1640 1639 δ OH deformation H2O 
1400 1429 1410 1428 1430 1430 νC-O  characteristic carbonates 

1034 
1108 

1034 
1106 

1031 
1105 
1030 

1031 
1101 

1003 
1112 
1040 

1030 
1101 νSi-O  valence characteristic of clay network 

914 914 913 913 914 913 δ OH deformation AlOH 
- - 850 850 - 850 δ related deformation of the crystal lattice Illite

794 
754 

794 
753 

797 
754 

797 
754 

793 
753 

798 
754 νSi-O valence 

693 693 695 694 696 695 νSi-O valence characteristic of kaolinite 
530 533 535 530 540 522 related Si-O-Al 
469 470 471 470 472 470 δSi-O deformation related Si-O-Mg 
427 428 425 426 427 428 related Si-O-Si 

 
The water contents at saturation for the six 

samples are given in Table-5. 
 

Table-5. Moisture saturation θs six clay samples. 
 

samples θs (g/g) 
E1 1.82 
E2 1.98 
E3 1.16 
E4 1.20 
E5 0.95 
E6 1.08 

 
 

We note that (E5) <(E6) <(E3) <(E4) <(E1) <(E2). 
The sample E2 shows a greater Saturation water 

content (θs E2= 1.98g water / g clay) because it is richer in 
smectite. 

The sample E5 has a lowest Saturation water 
content because it contains halloysite. 

Therefore the Saturation water content of sample 
clays increased with the increase of smectite content.  

The water content of the clay samples according 
to p / p, and the isothermal dehydration are respectively 
shown in Table-6 and Figure-10. 

Isothermal dehydration established for these six 
clay samples show that the largest loss of water is at the 
beginning of the dehydration to p / po between 1 and 0.95. 
The sample clay (E2) is the most hydrated sample 
throughout the RH domain, and its isotherm is located 
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above the other five. The clay sample Kasserine is the 
least hydrated its isotherm is located below the other five. 

Note that the isotherms intersect for low p / po. 

 
Table-6. Weight water content clays with different relative humidities. 

 

p/p0 1 0.95 0.88 0.75 0.56 0.34 0.16 0.017 0.005 0.00 
E2 198 40 31 23.2 20.3 15.2 10.1 1.8 0.7 0.0 
E1 182 36 28 21.4 18 13 9.3 1.6 0.6 0.0 
E4 120 31 18 12.5 9.3 8 3.6 1.1 0.45 0.0 
E3 116 25 16 11 8.5 7.5 2.9 1.07 0.3 0.0 
E6 108 18 11.7 8.8 5.9 4.4 2.8 0.98 0.27 0.0 
E5 95 16 10.3 7.7 5.1 3.8 2.5 0.86 0.25 0.0 
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Figure-10. Isothermal dehydration of six clay samples. 
 
CONCLUSIONS 

This study focuses on the clay mineralogy of 
Tunisia (Kairouan, Medenine, Gafsa and Kasserine), 
Egypt and Italy. 
 
 a) The crystal-chemical analyzes of six clay 
samples show that the percentage of clay minerals is 
variable: 
 
 Smectites are present in small amounts in the sample 

Medenine (2%) higher in the sample from Italy (20%) 
and better represented in samples from Egypt (85%) 
of Kairouan (64 %) and Gafsa (60%). 

 Illite is present in the sample of Gafsa with a rate of 
20% and it is important in Medenine samples (53%) 
and Italy (42%). 

 Kaolinite is present in samples of Kairouan, 
Medenine, Egypt, Gafsa and Italy with a variable 
percentage of 15 to 45%. 

 Halloysite is present with a rate of 100% in the sample 
of Kasserine. 

 
 b) The six samples studied, given their 
mineralogical and physico-chemical properties, can be 
used in the field of industry and the environment: 
 
 Clay Kasserine (halloysite clay) can be used in the 

manufacture of fine ceramics, dan expenses and as 
catalyst support in the oil refining industry. 

 Clays Kairouan, Gafsa and Egypt can be used in the 
fields of environment (adsorbing pollutants), civil 

engineering (hydrogeological barriers) and chemistry 
(catalysts). 

 Clays Medenine and Italy can be used in the field of 
ceramics.     

 
 Isothermal dehydration established for these six 
clay samples show that the largest loss of water is at the 
beginning of the dehydration to p / po between 1 and 0.95. 
The clay of Egypt (E2) is the most hydrated sample 
throughout the RH domain, and its isotherm is located 
above the other five. The clay sample Kasserine is the 
least hydrated its isotherm is located below the other five. 
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