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Abstract Pillared clays are a new class of materials, in which
large surface and pore volumes can be obtained according to the
type of pillars. These solids have enormous potential for
application in adsorption and catalytic processes. In the present
study, two different pillared clays were studied. At first, alpha-
sepiolite wastes were collected and Al-pillared sepiolite synthesis
was carried out using these wastes. Another pillared clay (Al-
pillared montmorillonite) was a commercial product. The
morphology and surface functional groups of the materials have
been analysed with the aid of x-ray diffraction (XRD) and Fourier
Transform Infrared (FT-IR) spectroscopy. The specific surface
area of the pillared clays was determined by nitrogen adsorption.
The specific surface area of the pillared clays was determined by
nitrogen adsorption using an automatic adsorption instrument.
The BET surface area of pillared clays was determined by the
application of the Brunauer-Emmett-Teller (BET) analysis,
software available with instrument.
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INTRODUCTION

In recent years, material sciences have involved the studies
related to the production of materials having a controlled
pore structure and improvement of porous materials found
in the nature. The production principle is to hold the
inorganic layers a part from each other, introducing a
bulky guest agent between them. When the used materials
are clay minerals, the resulting materials after pillaring are
called Pillared Layered Clays (PILCs). The host solid and
the production conditions have rather important effects on
the quality of the product. Due to its high cation exchange
capacity, swelling properties, and large sheets,
montmorillonite and sepiolite type clays have an important
place in the production of pillared clays.

Pillared clays, a peculiar type of porous and high surface
area solid material, have attracted considerable attention
for application as catalysts, catalytic supports, and sorbents
(Mokaya and Jones, 1995; Martinez-Ortiz et al., 2003;
Cseri et al., 1995). They are prepared by intercalating
polycations into the interlayer region of expandable clay
materials. After calcination, the polycations were
converted into robust metal oxide pillars, expanding the
layers of the clay. The intercalated polycations increase the
basal spacing of the clays and upon heating, are converted
to metal oxide clusters by dehydration and
dehydroxylation. As a result, a two dimensional porous
network is generated. Pillared clays can be used for ion

exchangers and ion-selective membranes, ultrafiltration
and membranes, selective adsorption of gases, pollutant
scavenging and waste management, sensors, acid catalysed
organic reactions, non-acid catalysed organic reaction,
photochemistry and photocatalysis, immobilization of
enzymes, electrochemically active coatings, and protective
coatings. Until now most of the research on pillared clays
has been focussed on the Al;; polyoxocation (referred to as
Keggin molecule, [AlIO4Al(OH)4(H,0)12]"") as a
pillaring agent (Kloprogge, 1998; Kloprogge et al., 2005;
Manohar et al., 2006). That’s why Al;3 polyoxocation was
prefered in this study. Also, preparation procedure of this
pillaring agent is relatively simple.

The most common smectite clay mineral is
montmorillonite (MMT). MMT s evolved from volcanic
ashes by weathering or hydrothermal effects like other
aluminum-rich minerals and composed the highest part of
the volcanic ash clay called as bentonite. The terminology
of the word of bentonite can be summarized like that: The
rock term bentonite which is commonly used for smectite
group minerals (sodium montmorillonite, calcium
montmorillonite, saponite (Mg), nontronite (Fe), and
hectorite (Li)) as a clay material altered from a glassy
igneous material, usually volcanic ash. (Murray, 2007).
Each 2:1 layer of smectites has two silica tetrahedral (T)
sheets bonded to a central alumina octahedral (O) sheet.
Montmorillonite is a 2:1-type aluminosilicate. The net
negative electric charge of the 2:1 layers arising from the
isomorphous substitution of AI** with Fe** and Mg®* in the
octahedral sites and Si** with AI** in the tetrahedral sites,
is balanced by hydrated exchangeable cations in the
interlayers (mostly Ca?* and Na') (Yener et al., 2012;
Tamayo and Kyziol-Komosinska, 2012). The ideal mineral
formula for montmorillonite is (Na, Ca)ga3(Alier,
MgO.33)Si4olo(OH)2'nHzo (Gl’lm,1968)

Sepiolite is a clay mineral with a wide range of industrial
applications based on its physicochemical properties,
especially its surface properties. The sepiolite is clay
mineral which is a fibrous magnesium silicate of ideal
formula (Siy,03Mgs(OH)4(H,0)4.8H,0) . The mezopore
size (an average of 37 A° 2 ) of sepiolite is extremely
interesting in this regard.  Sepiolite belongs to the
phyllosilicate group of clay minerals. It has peculiar
surface properties and important industrial interest due to
its high sorbing capacity (Alvarez et al., 1984). Its
structure is quite different from that of smectites. It
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consists in the alteration of blocks and tunnels that grow up
in the fiber direction (Santaren, et al., 1990). Each
structure is built up of two tetrahedral silica sheets “in
sandwich” with a central magnesia sheet in a way similar
to that which occurs in other 2:1 silicates, although in
sepiolite there is a discontinuity of the silica sheets that
gives rise to those structural tunnels. This arrangement
determines that silanol groups (Si—-OH) are present at the
border of each block at the external surface of the silicate.
These silanol groups, together with the water molecules
coordinated to the Mg ions at the borders of the structural
blocks, are the main active centers for adsorption (Casal, et
al. 2001). These characteristics of sepiolite make it a
powerful sorbent for neutral organic molecules and organic
cations (Alvarez et al., 1984). The dimensions of the cross
section of sepiolite tunnels are about 11 x 4 A° 2 which
shelter two types of water molecules: (a) coordinated water
molecules bonded to Mg®* ions located at the edges of
octahedral sheet, and (b) zeolitic water bonded to the
coordinated water molecules through hydrogen bonding
(Alvarez et al., 1984; Santaren, et al., 1990; Kuang et al.,
2006).

The aim of the present research was to delevop for the
incorporation of in the different kinds of clays structure in
order to produce cheap and useful new porous materials.
There are large deposits of these clays in Turkey (Balci
and Dingel, 2002). This favorable combination of factors
suggested that this bentonite and sepiolite could prove to
be an economical source for artificially produced pillared
layered clays. For these porpose, two different pillared
clays were studied. At first, alpha-sepiolite wastes were
collected and Al-pillared sepiolite synthesis was carried
out using these wastes. Another pillared clay (Al pillared
montmorillonite) was a commercial product. The structural
properties of pillared clays were analyzed XRD, N,-
sorption, SEM and FTIR techniques.

2. MATERIALS AND METHODS

2.1. Materials Al-pillared montmorillonite was supplied
by Sigma-Aldrich. The alpha-sepiolite was taken from the
Eskisehir region (Turkey), was used as the starting material
for the Al-pillared sepiolite synthesis. Because it was
received as it was taken out of the ground, without having
been processed, it contained many impurities. In order to
purify it, a decantation and centrifugation process was
applied. Following this process, clay had been dried in an
oven at 90 °C and it was ground.

2.2. Preparation of AI-PILC The pillaring solution was
prepared by titrating aqueous NaOH with aqueous
AICl;.6H,0. 400 ml of 0.1 M NaOH solution wad added
dropwise to 200 mL of 0.1 M AICI; solution at a rate of 1
ml min™. Dropping process took approximately 7 hours.
Then the pillaring solution was stirred for 2 h at 60 °C and
then aged overnight at room temperature. After aging, 500
ml of the pillaring solution was reacted with 10 g of
aqueous suspension of purified sepiolite. The slurry was
stirred at 60 °C for 2 h, then washed and centrifuged till the
absence of chloride and oven-dried at 80 °C for 18 h and
calcined at 400 °C for 2 h.

2.3. Characterization techniques X-ray diffraction
(XRD) patterns were recorded between 1° and 20° (20) at a
scanning speed of 2° min ' using Rigaku Ultima-1V
diffractometer with Cu Ka radiation (40kV/30mA).

Pillared clays were coated with 200 A of gold by Polaron
SC7620 sputter coater and observed over a magnification
range of 1000 to 5000. The FTIR spectra of the Al-pillared
sepiolite and Al-pillared montmorillonite were recorded
using a Perkin Elmer 100 Fourier-transformed infrared
(FT-IR) spectrophotometer in the wave number range
4000-400 cm™ using DRIFT (Diffuse Reflectance Infrared
Fourier Transform) technique. Spectrums of the Al-pillared
sepiolite and Al-pillared montmorillonite were obtained
using KBr dilution, and finely powdered KBr was used as
reference. Each sample spectrum was obtained by
collecting 64 scans at a 4 cm™' spectral resolution. The
specific surface area of the pillared clays was determined
by nitrogen adsorption at 77 K using an automatic
adsorption instrument (Quantachrome, Autosorb-1C). The
BET surface area of pillared clays was determined by the
application of the Brunauer-Emmett-Teller (BET) analysis,
software available with instrument. The BET surface areas
were assesed by applying relative pressures ranging from
0.01t0 0.3.

3. RESULTS AND DISCUSSION

Much interest and research have, since 1970s, been
directed toward the synthesis of pillared clays with higher
thermal and hydrothermal stabilities. For these reasons
later developments in the field were focused on the use of
partially hydrolyzed metal cations as pillaring candidates.
Thermal treatment of the intercalated oligomeric cations
leads, following their dehydration and dehydroxylation, to
metal oxide pillars characterized by enhanced thermal
stability, large surface areas, sufficient acid sites and pores.
Any metal oxide or salt that forms polynuclear species
upon hydrolysis can be inserted as pillars, and all layered
clays of the abundant phyllosilicate family as well as other
layered clays can be used as the hosts (Brindley, 1977;
Vaughan, et al., 1979; Farfan-Torres and Grange, 1990;
Lahav, et al., 1978; Shabtai, 1984; Pinnavaia et al., 1984,
Petridis, 1994; Pinnavaia, 1983).

The XRD patterns of the Al-pillared sepiolite and Al-
pillared montmorillonite in the 28 range of 1-20°. Pillaring
of clays with Al is thought to be an ion exchange process
of the major pillaring agent [Al;304(OH)4(H,0)1,]", the
so called keggin or Aly; ions were able, through the XRD
analysis, to confirm the intercalation of aluminum
polycations Aly; with basal spacings of about 18 A at room
temperature. The sepiolite was identified by a strong d001
X-ray reflection 12 A° (Brindley and Brown, 1984). A
strong diffraction peak near 26=7.2° can be seen. This is a
characteristic peak of layered two-dimensional lattice
structure minerals indicates that sepiolite is a kind of
layered fibrous structure mineral similar to concentric
circles (Tang et al., 2012). Therefore, structure and
crystallinity of sepiolite were maintained after pillaring.
The intensity of the diffraction peak of Al-pillared sepiolite
is twice as high as Al-pillared montmorillonite. Diffraction
peaks at 206=7.2° and 26=4.9° were indexed as (1 1 0) and
(0 0 1) planes with basal spacing of 12.33 A and 18.07 A,
respectively (Table 1). XRD analysis shows that the
produced pillared layered clays is successful.

In BET measurements, 287.5 and 210.8 m? g ' values were
obtained for Al-pillared sepiolite and Al-pillared
montmorillonite, respectively (Table 1). Montmorillonite
and sepiolite both have high surface areas. In the case of
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the montmorillonite, this property is due to the existence of
an interlayer space (internal surface) commonly occupied
by hydrated exchangeable cations, while in the sepiolite, it
is caused by the presence of fibrous morphology and intra-
crystalline tunnels (Legido et al., 2007; Galan, 1996).
Some of the surface area data available are as follows: 286
m? g ' (Al-pillared bentonite), 272 m? g ' (Al-pillared
montmorillonite), 320 m? g (Al-pillared saponite), 288
m? g ' (Fe-pillared sepiolite) (Jalil et, al, 2013; Gil et al.,
2001; Moreno et al., 1997; Konstantinou et al., 2000;
Akgay, 2004). According to Shuali et al., 2011 “the
porosity spectrum of sepiolite is attributed to the
contribution of two sources: a) External porosity resulting
from the inter-fibres/bundles spaces and b) Structural
porosity resulting from the repeated inversion of the
silicate layer.

Table 1. XRD and BET data of pillared clays

Sample 260 d Surface
A Area

B (mg)

Al-pillared sepiolite ~ 7.17 12.33 287.5
Al-pillared 489 1807  210.8

montmorillonite
Figure 1 shows the FTIR spectrum of Al-pillared sepiolite
and  Al-pillared  montmorillonite. The  parent
montmorillonite showed two bands on the OH stretching
region; a band at 3740 cm™ attributable to silanol groups of
the external layer and a broader band at 3650 cm™ due to
AlL,OH group of the octahedral layer. In the pillared
samples, the intensity of the band at 3740 cm™ increased
with respect to the other. This can be interpreted as an
effect of pillaring. The IR spectra in the fingerprint region
were characterised by absorptions at 1200-1000 cm-1
(asymmetric stretching vibrations of SiO, tetrahedra), a
doublet around 800 cm™ (stretching vibrations of Al**
tetrahedra) and absorptions at 526-471 cm™ (bending Si-O
vibrations). The decrease in intensity is due to the process
of dehydration and dehydroxylation involved during
pillaring. The process of pillaring substitutes a large
amount of interlayer cations that generally exist in
hydrated forms and thus decreases the intensity of —OH
peaks. The aluminum pillaring agent had caused a decrease
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in the free silica peak intensity which occurred at 840 and
916 cm™' (Tomul and Balc1, 2007; Xue, et al., 2007).

In the FTIR spectra of Al-pillared sepiolite and Al-pillared
montmorillonite, bands in the 4000-3000 cm ' range
corresponding to the vibrations of the Mg—OH group. The
OH bending peak corresponding to the bound water is
detected at 1652 and 1634 cm™' for Al-pillared sepiolite
and Al-pillared montmorillonite, respectively (Tung, et al.,
2012). Characteristic silicate bands were found between
1200-400 cm* and the bands at 504-430 cm* originated
from Si-O bending and Al-O stretching vibration (Tomul
and Balci, 2007). The framework vibrations contain
information about the structural characteristics of the
material and their preservation after thermal treatments can
be considered as a proof of the structural stability on
pillaring.

4. CONCLUSION

The resultant pillared clays were characterized using FTIR,
with a combination of XRD, SEM and textural analysis.
The specific surface area of the pillared clays was
determined by nitrogen adsorption. Results obtained from
characterization techniques showed that there were
changes in the clay structure with pillaring. The XRD
patterns show that the basal spacings of the clays increase
and it was observed that basal spacing, surface area values
and the properties textural effects of clays were improved
by pillaring.

In this study, two different pillared clays were studied. At
first, alpha-sepiolite wastes were collected and Al-pillared
sepiolite synthesis was carried out using these wastes.
Another pillared clay (Al pillared montmorillonite) was a
commercial product. In order to be able to better identify
the nature of the pillared clay samples, analysis techniques,
such as XRD, BET, and FTIR, were also applied.
According to the XRD diffractograms of the Al-pillared
sepiolite  and as Al-pillared montmorillonite the
characteristic basal space of Al-pillared sepiolite was
calculated to be 12.331&, while that of Al-pillared
montmorillonite was 18.07A. FTIR spectra of Al-pillared
sepiolite and Al-pillared montmorillonite were compared.
These fundamental data generated are of importance in
developing clays can be used for industrial applications,
especially heterogeneous catalysts and adsorbents.
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Figure 1. FTIR spectra of Al-pillared sepiolite and Al-pillared montmorillonite
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