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                 Abstract : The different properties developed by the clays such as; their capacities of 
exchanges cationic and their properties of surface were showed by several works. These properties 
confer to the clay important adsorption properties. They can acquire other properties by various 
modifications which can be through chemical, physical and/or thermal view. These new properties may 
open the ways of unsuspected applications: adsorption and catalysis.  

In this work, we have studied the pillaring of the upper Cretaceous natural Tunisian clays 
taken from Jebel Nahli with polyhydroxymetallic precursor [Al13O4 (OH)24(H2O)12 

7+
]. Several 

techniques are used, in this study: XRD, infra red spectroscopy, thermogravimetric analysis, textural 
measures and scanning electron microscopy. The results show that the pillaring of smectitic clays with 
Aluminum oxides polycations has allowed obtaining microporous materials, rigid, with a large 
interlayer spacing and a high thermal stability. 
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I. INTRODUCTION  

Clays are layered minerals with 
important cation exchange capacity (CEC) due 
to their negative layer charge. This charge was 
compensated by cations such as Na

+
 and 

Ca
++

, intercalated in the interlayer region. The 
material, exhibit poor acidity depending on the 
kind of exchangeable cation and its hydration 
state. Their thermal stability was limited to 
temperature lower than 200°C [1]. A net 
improvement of their acidity, surface and 
thermal stability, necessary for a number of 
industrial applications, could be achieved via 
pillaring processes. The pillaring process was 
based on the intercalation properties of the 
clay matrix and involves exchange of the 
interlayer cations with polyhydroxymetallic 
precursor such as Keggin ions, 
(Al13O4(OH)24(H2O)12

7+ 
), which upon 

calcinations converted to robust metal oxide 
pillars between the clay layers, keeping them 
apart at a definite [2]. 
The kind of clay modification which have the 
great stability of the pillaring bidimensional 
network [3] led to the award of the appropriate 
catalysts for a number of reactions such as 
hydrocarbon cracking, isomerization, 
alkylation, cyclization, dehydration of alcohols 
to ethers, the conversion of primary amines to 
secondary amine or catalysts of fine chemicals 
reactions such as stereoselective epoxidation 
of allylic alcohols. 

The most studied pillaring clays were 
intercalated by hydroxyaluminun polycations 
and determined by spectroscopy NMR MAS 
(Magic Angle Spinning) 

27
Al and 

29
Si [4]. Many 

authors suggested that the Al intercalated 
existed in the form of a polycationics complex  
[5, 6]. Brindley et al. [7, 8] have published their 
first works on the intercalation of smectites by 
complexes respectively of aluminium and 
chromium. The diffractometrics results showed 
spacing of 14.8 Å (100°C) that increased until 
to 17 Å after treatment with ethylene glycol and 
heating at 500°C. 
For their part, Lahav et al. [9] have confirmed, 
thanks to XRD analysis, the intercalation of 
Aluminium polycations with basal spacings of 
about 18 Å at room temperature, and which 
transformed into oxide Al2O3 after calcinations 
at 500°C. Singh and Kodama [10] have 
prepared Aluminum pillared montmorillonits 
with 28Å through several successive 
treatments by the same pillared solution based 
on aluminum. In catalysis application field, a 
wide variety of catalysts, depending on the 
pillar, have been implemented and used in 
various chemical reactions such as oil cracking 
or the fine chemical synthesis [11-14].  
In adsorption application field, some studies 
[15-19] were oriented towards exploring the 
possibilities of setting some heavy metals (Cu, 
Ni, Zn, Cr) and the arsenic on several types of 
pillaring clays. 
In this paper we investigate properties of the 
pillaring of Tunisian natural clays from Jebel 
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Nahli located in the Northeast of Tunisia [20], 
for eventual applications. Clay samples were 
selected according to their mineralogical 
character (clays rich in smectites). Indeed, we 
studied the behaviour of clays after their 
pillaring with Aluminum oxide polycations. 

 
2. EXPERIMENTAL  

 
2. 1. Preparation of clay 
The experiments were performed on clay 
samples rich in smectites: NHA11, NHA14, 
NHA15, NHA16 and NHA20 (from Jebel Nahli). 
The upper Cretaceous Tunisian clay materials 
taken from Jebel Nahli were treated with 
hydrogen peroxide and HCl (N/10) to removes 
the carbonates and organic matter. These 
samples are then placed in suspension and the 
fraction lower than < 2 μm had extracted by 
settling according to Stoke’s law [21]. The 
preliminary treatment of purified clays, by 
sodium homoionisation, to replace all the 
exchangeable cations of various kinds by 
sodium cations all the same. We symbolized, 
by Na-clay the homoionic sodic clays. 
Thus we dispersed the purified clay sample in 
a certain distilled water volume with 
proportions (0.4% w/w), that we were 
submitting to a good stirring for 3 to 4 hours for 
complete homogenization of the suspension. 
The clay samples became homoionic sodic 
through five successive treatments with NaCl 
(1 M). This was followed by several successive 
washing with distilled water. 

 
2. 2. Preparations of pillaring Solution  
Pillaring solution were prepared by titration of 
(AlCl3.6H2O) solution with 0.5 M concentration 
and a solution of sodium hydroxide of 0.225M 
with a discontinuous rate (1.5 mL.min

-1 
) with 

an OH/Al ratio equal to 1.8. The maturation of 
pillaring solution was obtained after 48h (Table 

1).  
 
Table 1. Characteristics of the prepared 
pillaring solution [22, 23]. 

 
 
2. 3. Pillaring clay process 

The clay-Na suspensions with 
concentrations generally equal to 0.5% (w/w) 
[22], homogenized for one hour were titrated 
dropwise (8.1 mL.min-1) using a peristaltic 
pump, by the pillaring solution (PCBA) under 
rapidly and permanently agitation. At the end 
of the titration, we let the clay into contact with 
metal polycations for about 4 hours in order to 
ensure proper insertion. After several washes 
with distilled water and vacuum filtration, the 
complex were dried, and heated to a 
temperature of 500°C for 3 h for obtaining 
pillared clays.  

The operating conditions adopted for 
the preparation of complex clays-Mex(OH)y [22, 
23] were presented in Table 2. 

 
Table 2. The preparation Conditions of pillared 
clays. 

 

Matrix  Clay Alx(OH)y 
[22, 23] 

Me / Na-clay (mmol.g
-1

) 4 

[Me]f  (mol.L
-1

) 0.1 

The suspension 
concentration (weight % ) 

0.4 

Maturation time (hours) 4 h 

 
 
2. 4. Technical Characterisations 
The clays minerals data were obtained by 
analyzing the < 2μm fraction through X-ray 
diffraction. Oriented slides were prepared from 
the concentrated clay suspension by pipetting 
onto glass and allowing them to dry at room 
temperature. The identification of clay minerals 
was made according to the position of the 
(001) series of basal reflexions on the X-ray 
diagrams and semi-quantitative estimations 
were based on the area of the main diffraction 
peak [24-26].  
XRD patterns were obtained using a SIEMENS 
D500 diffractometer with CuKα radiation. 
Infrared spectra were obtained on a Perkin-
Elmer model 1600 FTIR spectroscopy using 
the Kbr-pellet method.  
Thermogravimertric analyses (TGA) were 
performed from room temperature to 800°C 
using a SETERAM thermobalance, with a 
heating rate of 300°C/h. The Brunauer, 
Emmett, and Teller [27] (BET) method was 
also performed, using adsorption of an inert 
gas (nitrogen), to determination of the surface 
area with Micromeritics ASAP 2420. 
Finally, the morphology and the grain 
boundaries were investigated by scanning 
electron microscopy (SEM). 

 
 

Pillaring solution PCBA 

Polycation formula  [Al13O4(OH)24(H2O)12]
7+

 

Symbol Alx(OH)y 

Molar ratio OH/Al = 1.8 

Final concentration 
[Me]f (mol. L

-1
)  

0.1 

Aging time (hours) 48 h 
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3. RESULTS AND DISCUSSION 
 
3. 1. X-ray Diffraction  
The mineralogical analysis of the upper 
Cretaceous Tunisian clay samples taken from 
Jebel Nahli, have indicated that the clay 
fraction was formed by a high content of 
smectites {NHA11 (86 %), NHA14 (89 %), 
NHA15 (79 %), NHA16 (65 %) and NHA20 (75 
%)} with the presence of kaolinite (Table 3).  
 
Table 3. Mineralogical composition of the clay 
samples of Jebel Nahli. 

 

Samples Kaolinite% Smectite% 

NHA1 14 86 

NHA2 11 89 

NHA3 21 79 

NHA4 15 85 

NHA5 25 75 

 

After pillaring, the X-ray difractograms showed 
a displacement of (001) reflection to about 17.5 
Å. In fact, the clays pillaring with a solutions 
aged (48 h), clearly showed large equidistance 
ranging from about 16Å to 17.5Å, confirming 
the reality of polycationics species formation 
(Figs. 1-3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. X- ray diffraction patterns on oriented 
slides of NHA1 and NHA2 samples (normal 
and pillared). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. X- ray diffraction patterns on oriented 
slides of NHA3 and NHA4 samples (normal 
and pillared). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. X- ray diffraction patterns on oriented 
slides of NHA5 sample (normal and pillared). 
 
This phenomenon was explained by the 
intercalation of big Aluminum oxides pillars 
between layers of clay is realized through their 
adsorption by cation exchange against the 
purified clay (Na-clay) for which it manifested 
the maximum selectivity. It seems that the 
polycations Alx(OH)y whose size was identified 
by XRD were likely to provide significant 
expansions [23].  
- Influence of the report Me / Na-clay: While 
treating the suspension (clay-Na) with the 
pillaring solution in excess, all Na 

+
 ions easily 

exchangeable were replaced completely by Al-
polycations. However, when the same amount 
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of suspension was treated with a pillaring 
solution of lower concentration, the exchange 
sites were only partially occupied by 
polycations and the interlayer space was 
heterogeneous. In this case the quantity of 
polycations was insufficient, Na-clay adsorbs 
only what was offered as metallic polycations. 
The remaining interlamellar sites remained 
occupied by the Na

+
 ions [23]. That was why 

we must respect the report Me / Na-clay. 
 
3. 2. Infrared spectroscopy  
The examination of infrared spectra reveals 
absorption bands that we presented as follows 
[28, 29] (Fig. 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. The infrared spectra of the pillared clay 
samples: NHA1 and NHA5  
 

Groups OH: The spectra show two absorption 
bands between 3200-3800 cm

-1
 and between 

1600-1700 cm
-1

.  
-The band between 1600-1700 cm

-1
 was 

attributed to the deformation vibrations of OH 
group of water content and the vibrations of 
liaison of adsorbed water. 
-The band ranging between 3200-3800 cm

-1
 

characterized the Smectite and corresponds to 
the stretching vibrations of OH groups of the 
octahedral layer coordinated either 1 Al + 1 Mg 
(3640 cm

-1
) or 2 Al (3620 cm

-1
).  

- The valence vibrations of H2O molecules 
were characterized by the 3400 cm

-1
 band  

- Band centred around 1630 cm
-1

 was 
attributed to deformation vibrations of 
adsorbed H2O molecules between the layers.  
The Si-O bonds were characterized by the 
following absorption bands:  
- Intense band between 900-1200 cm

-1
 and 

centred around 1040 cm
-1

 corresponded to the 
valence vibration of Si-O liaison.  
- Bands located at 525, and 468 cm

-1
, were 

assigned respectively to deformation vibrations 
of Si-O-Al and Si-O-Mg. 
Bonds M (VI) -OH (M = Al, Mg, Fe): The 
sharing of the OH group between the atoms Fe 
and Al in octahedral position may moved Al-
OH vibrations at low frequencies around 815 
and 915 cm

-1
. Thus, Mg-O and Mg-OH 

vibrations (combined with that of SiO) were 
located respectively at 530 cm

-1
 and 560 cm

-1
. 

 
The results obtained by infrared spectroscopy 
showed that the pillared clays spectra were 
similar to those of natural clays [20]. This 
proved that they preserved theirs structural 
network even after the insert of metallic oxides 
polycations. 
 
3. 3. Thermogravimetric analysis 
 
The different results of thermogravimetric 
analysis (TGA) of some pillared clays were 
represented by the curves in figures (5). The 
profile of the thermogravimetric curves (TGA) 
was comparable to those obtained on many 
other clay minerals and clearly indicated their 
high thermal stability even at extremely high 
temperatures. It showed a mass losses located 
between ambient and 200°C, 200 and 400°C, 
400 and 500°C to 650-750°C.  
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Fig. 5. Thermogravimetric curves of pillared 
clay samples: NHA2 and clay NHA5 
 
- The first mass loss corresponded to the 
departure of water hydrated [30, 31].  
- We note also other mass losses 
corresponded to the deshydroxylation, at once, 
of polycations (400 to 500 ° C) and clay layers 
(smectites) (600 to 750 ° C) [23, 31]. 
 

Despite the mass losses, the clays 
safeguarded the intercalated structure with a 
structural rearrangement of pillar and it’s 
surrounding. 
 
3. 4. BET  

The pillared clays showed BET 
surfaces ranging from 200 to 300 m

2
 / g, 

significantly higher than that of the original 
purified clay (Na-clay), indicating the insert 
reality. The thermal stability of these 
microporous materials was confirmed, once 
again, by the textural measures since the 
surfaces BET are higher than 200m

2
.g

-1
 for all 

pillared clays prepared (Table. 4).  
 

Table 4. Variation of BET surface before and 
after the clays pillaring  

 

 
While, several previous studies on Aluminum-
pillared clays showed that these microporous 
solids subjected to thermal treatments 
(calcination at 550°C) under different 
atmospheres (air, vacuum or argon ) preserved 

their porosity, since the specific surface remain 
above 200 m

2
.g

-1
 [23]. 

 
3. 5. Scanning Electron Microscopy  

The scanning electron microscopy 
investigations showed the general organization 
and morphologies of pillared clay samples. The 
SEM photos of pillared clays presented 
aggregates, whose particle size varies from 
1μm to several micrometers (Fig. 6. a, b and 
c). Also, they demonstrate the structure in 
petaloid particle of these clays. Moreover, they 
indicated no changes after pillaring. 

a) NHA1 

 
 
 
 
 
 
 
 
 
 

b) NHA2 
 
 
 
 
 
 
 
 
 
 

c) NHA4 
 
 
 
 
 
 
 
 
 
 
Fig. 6. SEM photo of NHA1, NHA2 and NHA4 
pillared clays  

 
4. CONCLUSION 

In this work, It has been shown that clays 
intercalated with Al-polycations, presented 
specific surface areas and high thermal 
stabilities could be obtained under certain 
optimal preparation conditions related to the 
ratio (OH/Al), the aging time and the final 
concentration of pillaring solution and 
especially the amount of the interlayer in the 
solution (Me / Na-clay).  

Samples BET surface 
(m

2
/g) of Na+-
clays 

BET surface 
(m

2
/g) of the 

pillaring 
clays 

NHA1 60.3 209 

NHA2 63.7 216 

NHA3 68.4 224 

NHA4 68.2 218 

NHA5 64.4 216 
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The diffractometric analyses showed a very 
important interlayer distances d(001) between 
16 and 17,5 Å depending on the nature of the 
clay samples. These reticular distances 
decreased very little, according to the 
dehydration and dehydroxylation of the metallic 
pillars that were transformed, subsequently in 
oxide Al2O3. 
Textural measurements indicated that the 
pillaring of clays by metallic polycations 
created a very important microporous network. 
This led to pores opening and a great evolution 
of the surface area exceeding 200 m

2
 g

-1
 even 

after calcination at high temperature (500°C).  
Thermogravimetric analysis (TGA), for its part, 
confirmed the high thermal stability of pillared 
clays. The calcination of these new materials, 
at high temperature, caused only the 
dehydroxylation, at once, of metallic pillars that 
transformed into clusters of metallic oxides and 
the layers of clay. 
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