
INTRODUCTION

Clay is a simple mineral and natural
material, very abundant, consisting of
aluminosilicates, the sheet structure is well known,
it results from the decomposition of rocks (superficial
parts of the earth’s crust, such as granite) that
crystallized over time. It brings an impressive
number of components that give it a mineral profile,
its composition varies depending on where it is
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ABSTRACT

The aim of this work is to obtain an organophilic montmorillonite with Algerian modified clay
(termed 12-maghnite). The organic surfactant used in this preparation is 12-aminolauric acid. The
functionalization of the organophilic clay was confirmed by infrared spectroscopy (IR). The obtained
organoclay was characterized by X-ray diffraction (XRD) which shows a remarkable increase of
the basal distance that reaches up to 17.62 Å. The transmission electron microscopy analysis
(TEM) supports fully the result obtained by XRD analysis. The novelty of this work is the exploitation
of local clay that is widely available, inexpensive and has excellent properties and high quality
features, which make it the subject of continuing research. These results will be a starting point
and an essential reference for a comparative study, with the results of future works concerning
the synthesis of Polymer/12-Maghnite nanocomposites.
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acquired. Now, it is recognized worldwide for its
many properties and its multiple characteristics
which actually lead to a healthier life and a cleaner
environment1-5.

The Algerian clay is considered among
the clay that has a high ratio of aluminum. It has
been studied and characterized for the first time by
Belbachir et al and it is now known by the word
(Maghnite) which was given by the same research
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group6,7. Maghnite is used in several scientific fields,
among these main uses are: heterogeneous
catalyst, after activated by cations e.g. the maghnite-
H+, a proton exchanged maghnite instead of using
strong acids in order to initiate the polymerization
reaction of different monomers such as: 1,3-
dioxolane by Belbachir8. 1,2-cyclohexeneoxide,
styrene oxide and  2,4,4-Trimethyl-2-oxazoline by
Yahiaoui9-11, µ-caprolactone, glycolide and  oxetane
by Harrane12-14.

Moreover, in the last decade, polymer/clay
nanocomposites have received increasing attention
from scientists and industrial researchers because
they generally exhibit greatly improved mechanical,
thermal, barrier, and flame-retardant properties at
low clay content in comparison with unfilled
polymers or more conventional microcomposites15-

24. Pristine clays are hydrophilic and thus immiscible
with most polymers, due to alkali cations residing in
the interlayer to counterbalance the negative charge
generated by isomorphic substitutions within the
silicate sheets. However, the polymer–clay
compatibility can be improved via ion-exchange
reactions with organic surfactants, including mainly
alkylammonium cations24,25.

Therefore, the purpose of this study was to
obtain an organophilic montmorillonite with national
modified clay using 12-aminolauric acid as organic
surfactant. The novelty of this work is the fact that we
use clay of our region, which constitutes low costs
and has excellent properties.

EXPERIMENTAL

Materials
12-aminolauric acid were used as

purchased from Aldrich chemical. Raw-Maghnite:
Algerian montmorillonite clay which has been used
as catalyst is supplied by a local company (ENOF
Maghnia (Western of Algeria)). Its chemical
composition is given in (Table 1).

Methodology
Preparation of Maghnite-Na

Maghnite-Na was prepared according to
the process reported in our previous study [6,26].
Raw-Maghnite (20 g) was crushed for 20 min using
a prolabo ceramic balls grinder. It was then dried for

2 h at 105 °C. The Maghnite was placed in an
Erlenmeyer flask together with 500 ml of 1 M NaCl.
The Maghnite/water mixture was stirred using a
magnetic stirrer until saturation was achieved over
3 h at room temperature, the mineral was then
washed with distilled water to became Cl- free and
then dried at 105 °C.

Preparation of 12-Maghnite
Natural Na-montmorillonite is hydrophylic

and not compatible with most organic molecules.
The sodium cation in the interlayer space of
montmorillonite can be exchanged with organic
cations to yield organophilic montmorillonite.
Ammonium cations of É-amino acid were chosen
as cations since the -COOH group of them catalyzes
the reaction of polymerization. In a 1000 ml beaker
were placed 24 mmol of 12-aminolauric acid, 2.4
ml of concentrated hydrochloric acid and 200 ml of
water at 80°C. The solution of the 12-aminolauric
acid was added to a dispersion composed of 10 g
of montmorillonite-Na and 1000 ml of hot water, and
then this mixture was stirred vigorously for 10 min,
giving a white precipitate. The product was filtered,
washed with hot water, and freeze-dried. In this
paper, we call the cation exchanged
montmorillonites ’12-montmorillonite’, where n is
the carbon number of the 12-aminolauric acid [27].
The basal spacings (interlayer distance) of the
samples were obtained from the peak position of
the XRD pattern.

Characterization
Infrared spectroscopy (IR)

IR analyses of Maghnite-Na and 12-
maghnite were carried out using the PerkinElmer
Spectrum Two FT-IR with UATR sampling accessory.

X-Ray Diffraction (XRD)
X-ray diffraction analysis (XRD) was

carried out at room temperature on a Bruker D8
Advance X-Ray diffractometer (40 kV, 30 mA) using
CuK radiation ( = 0.154 nm) at the rate of 2° min”1

in the 2 range of 2.0-80°.

Transmission Electron Microscope (TEM)
The phase morphologies of the

nanocomposites were observed by transmission
electron microscope (TEM), Philips CM 120,
operating at an acceleration voltage of 120 kV.
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Samples were cryogenically microtomed (-70 °C)
into ultrathin sections (30 nm thick) from films with
a diamond knife using a RMC MT-7000.

RESULTS AND DISCUSSION

Infrared spectroscopy (IR)
In Figure. 1, the IR data of maghnite-Na

and 12-maghnite are given. The intensity of the
absorption band at 3630 cm-1 is attributed to AlAlOH
coupled by AlMgOH stretching vibrations. The Si-O
out of plane and Si-O-Si in plane stretching bands
are shown at 1117 and 1016 cm-1 respectively. The
signal at 615 cm-1 is due to either Al-OH or Si-O
bending and/or Al-O stretching vibration. The
intensity of the band at 459 cm-1 is assigned to the
Si-O-Al and Si-O-Mg coupled to OH vibration or Si-
O bending vibrations28. Further from Figure. 1, the
IR spectrum of 12-MMT show features that are
combination of characteristic bands of
montmorillonite and 12-aminolauric acid. The broad
band in the region of 3250–3030 cm-1 is assigned
to ionic bonded N–H stretching band. The new
bands at 2930 and 2861 cm-1 are respectively
attributed to C=H asymmetric/symmetric stretching.
The combination of O–H deformation and N–H
stretching is assigned to 1628 cm-1 [29]. The results
obtained by IR analyses show clearly the
functionalization of the clay.

X-Ray Diffraction (XRD)
The basal spacings (interlayer distance)

of the raw clay (maghnite), clay treated with NaCl
(maghnite-Na), organophilic montmorillonite (12-
maghnite) were obtained from the peak position of
the XRD pattern. The maghnite shows the
characteristic peak of the montmorillonite at 2 =
8.50, corresponding to the interlayer distance (d001-
spacing) of 10.39 Å. For the maghnite-Na, the peak
of the montmorillonite is found at 2 = 6.95,
corresponding to the interlayer distance (d001-
spacing) of 12.70 Å. The d001 peak for the 12-
maghnite clay was shifted to a lower region (2¸ =

Table  1: Chemical composition of the Catalyst

Species % (w/w)

SiO2 69.4
Al2O3 14.7
Fe2O3 1.2
MgO 1.1
CaO 0.3
Na2O 0.5
K2O 0.8
TiO2 0.2
As 0.05
L.O.I 11

L.O.I: Loss on ignition at 900 °C in wt %.

Fig. 2: XRD patterns of the clay without
treatment (maghnite), clay treated with NaCl

(maghnite-Na), and organophilic clay (12-
maghnite)

Fig. 1: FT-IR spectra for (a)
maghnite-Na and (b) 12-maghnite



1650 KHERROUB et al., Orient. J. Chem.,  Vol. 30(4), 1647-1651 (2014)

5.01), indicating the increase in d001-spacing (=17.62
Å) in the modified clay. An increase in d001-spacing
for 17.6 Å was previously found by Katti et al.29,
when the organic moiety replaced the intra-gallery
Na+ of maghnite-Na, resulting 12-maghnite. Our
result unambiguously led us to assume the
replacement of smaller Na+ ions by bulky molecules
of 12-aminolauric acid inside the clay galleries that
resulted in the increase in the gallery height of the
montmorillonite layers during ion-exchange
reaction (Fig. 2).

Transmission Electron Microscope (TEM)
Figure .3 shows the image of the

organophilic clay (12-maghnite) obtained through
transmission electron microscopy. The
morphological description obtained by TEM support
the results obtained by XRD analysis, the basal
distance value of the organophilic clay determined
from TEM is the same as that obtained by the X-ray
diffraction analysis, which is 17.6 Å.

CONCLUSION

12-maghnite, organophilic clay was
prepared using Algerian clay, the passage through
the maghnite-Na had a key role in preparation since
it ensured the cationic exchange, the surfactant 12-
aminolauric acid used, is effective in the
organophilization of clay. The IR analyses clearly
show the emergence of the connections between
the chain ends of the surfactant and the surface of
the clay layers.  The results of XRD indicated that
the intercalation of surfactant between layers of the
clay, leading to an expansion of the interlayer
spacing, from 10.39 Å for the raw maghnite to 17.6
Å for the organophilic clay. These results were
confirmed by TEM. In general, the data showed the
organophilization of the Algerian clay and suggested
that this organophilic clay can be used as a
nanoparticle in the preparation of nanocomposites.

Fig. 3: TEM images of
organophilic clay (12-maghnite)
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