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Abstract : Local bentonite clay was organically modified
via cation exchange reaction using four ionic liquids (ILs:
MPrPl, MPrPPI, BMIM and BrPrMIM) differing in their chemi-
cal architecture. In order to confirm the insertion of these ILs
in layered silicates, basal spacings of interlamellar structure,
have been characterized using X -ray diffraction (XRD) analy-
sis, results indicate that the interlayer spacing of the
piperidinium organo-bentonite ranged from 14.46 to 14.86 A,
while it ranged between 13.10 and 14.46 A in imidazolium
organo-bentonite. More specifically, a monolayer configura-
tion of ILswithin the interlayer space was indicated by XRD
results. To obtaininformation on the thermal stability and deg-
radation products, thermals properties of these imidazolium
and piperidinium ions exchanged on the surface of bentonite
were investigated by using differential scanning calorimetry

INTRODUCTION

Organoclays have drawn much attention fromthe
academetotheindustrid communitiesfor alongtime®,
Many researchers have investigated these products
because of their interesting properties?. They represent
anew generation of adsorbentsfor both organic and
inorganic pollutants; thisisduetotheir small particle
size, swelling capacity, anisotropic shape, reactive

(DSC) and thermogravimetric analysis (TGA/DTG) fromroom
temperature to 400°C. These thermal measurements revealed
that organobentonite showed two distinct regions; (1) from 50
to 150°C corresponds to the removal of adsorbed water and
the elimination of the water species coordinated to the
interlayer cations; (1) thermal degradation of ionic liquidstook
place in the temperature range of 150 - 350°C, also, the
imidazolium modified bentonites were thermally more stable
than those modified with piperidinium. These results seem to
be promising regarding to the potential application of these
modified bentonites as adsorbents or for the melt processing
preparation of nanocomposites.  © TradeSciencelnc.

K eywor ds: Organaoclay; lonic liquids; Thermal charac-
terization; XDR; ATG/DTG

surfaces, large specific surface area and high ion
exchange capacity®. The advantage that the
organoclays present isthe possibility of changing their
properties by varying the structure of theintercalated
organic species?, the combination of thehydrophobic
nature of the organic speciesand thelayered structure
of thesdilicate layersleadsto unique physi cochemical
properties. Asaconsequence, anumber of previous
studies have demonstrated that theinterlayer spacing
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distance is afunction of the lengths of intercalated
molecules®. Inthese applications, it was noticed that
such organic modification dtersthenature of clay from
hydrophilic to hydrophobic, imparting enhanced
interaction of the clay productstowards hydrophobic
pollutantsin theenvironment!®.

Nevertheless, the surfacetreatment of clay minerds
hasrecelved great interest, for example, ion exchange
of theinorganic cationswith organic cations, usualy
with quaternary ammonium compounds, can changethe
surface properties”.

Inthe sameway, andin order to determinetheutility
of ionicliquidsas surfactants, previous studies have
shown that theintercalation of interlayer space by a
seriesof substituted imidazolium®, phosphonium®,
ammoniumi2%, pyridinium*¥ or pyrrolidiniumi jonic
liquids not only changesthe surface propertiesfrom
hydrophilic to hydrophobic but also greetly increases
the basa spacing of thelayers.

As reported previously by Siao et all*®, the
interlayer spacing val ues of these materialswerean
important parameter for theinterca ation of thepolymers
inthepreparation of clay polymer nanocomposites. On
another aspect, organoclays have found many
applications as adsorbents of hazardous compounds,
catalystsand precursorsfor the preparation of porous
heterostructure clays*4.

Inspired by the previousresearch, the present work
focuses on the preparation and characterization of
imidazolium and piperidiniumionsdifferingin their
chemical architecture, exchanged on the surface of
bentonite, with the objective of preparing organoclays
with higher thermal stability. Threemodes of thermal
andyss thermogravimetricandyss(TGA), differentid
therma (DTG), and differentia scanning cal orimetry
(DSC) were used to determinethis stability. Also, X-
ray diffraction (XRD) angles were performed to
characterizethebasd spacingsof interlamellar sructure
of thesenove organicaly modified clays. Thenovelty
of thiswork isthefact that weusealow cost loca clay
fromAlgeriaand ionic liquids synthesized by usthat
have never used inthistypeof study.

EXPERIMENTAL

M aterialsand methods

1. Reagentsand materials

The reagents used in this study are: 1-
methylimidazole (99 wt.%), N-methyl piperidine (95
wt.%), 1-bromopropane (99.5 wt.%), 1-bromobutane
(99.5 wt.%), ethyl acetate, diethyl ether and N,N-
dimethylformamide. They were purchased from Fluka
and used asreceived. Deionized H,O wasobtained by
usingaMilliporeion-exchangeresin deionizer.

2. Bentonitesample

The bentonite used in this study was mined from
theHammam Boughraradeposit (Maghnia, Algeria) was
kindly supplied by ENOF (the National Company for
Non-ferrousMining Products, Algeria). Thechemical
composition wasfound to beasfollows: 62.4% S O,,
17.33%A1.,0,, 1.2% Fe,0,, 3.56% M0, 0.8% K 0O,
0.81% Ca0, 0.2% TiO,, 0.33% Na,0, 0.05% As,
13.0%lossonignition at 900 °C. The mineralogical
analysis showed that the native crude clay mineral
contains preponderantly montmorillonite (85%). The
clay composition also includes quartz (10%),
cristoballite (4.0%) and bei ddllite (1%0). The bentonite
was purified according to the method published ina
previous study!®. The cation exchange capacity (CEC)
of the bentonite has been given by the research of
Makhoukhi et a.l*! and was found to be 67.5 meg/
100gclay.

Synthesisof ionicliquids

Synthesis of 1-methyl-1-propyl piperidinium
bromide and bis-methyl piperidinium propylidene
bromide was reported earlier and the synthesis
conditionsand characteri zation of thesetwo piperidinium
ILsweregiveninour previous published studies'”4,

Theionic liquid, 1-butyl-3-methylimidazolium
bromide and 1-butylbromide -3-methylimidazolium
bromide were synthesized as described in the
literaturd®2, Briefly, 1-methylimidazole(6.79ml, 85.26
mmol), and 1-bromobutane (9.87 ml, 89.03 mmol)
werecombinedinal:1ratiofor[BMIM*][Br] andin
al:2rationfor [BrBMIM*][Br] beforebeen stirred at
70°C for 6 hours. The removal of residual volatile
compoundsfromtheionicliquid wasmadein vacuum
using arotary evaporator and washed then with fresh
ethyl acetate (100 mL ). The obtained productswere
analyzed by H, #*C NMR (DRX 400 MHz
spectrometer) and FTIR (Perkin-Elmer Spectrum BX)
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TABLE 1: Chemical structuresof prepared ILs

For mula /M olecular

ILs . Structure
weight
/CH3
) . . . [MPrPIT][Br ] N*
1-Methyl-1-propyl piperidinium bromide 999 17 \/\
CH3 Br'
. . o CHj; CH,
Trimethylene bis-methy! piperidinium + )
e Y pip [MPrPPI*][2Br] [\
400.24 NYN 2Br°
(CHy)3
L . ) BMIM?][Br]
1-Butyl-3-methylimidazolium bromide [ N/\/\ )
219.12 G B
HC™ N

1-Propy! bromide-3-methylimidazolium

bromide 283.99

[BrPrMIM™][Br] / \ Br

N/\/\ Br

"
HC™ N\/

to confirm the albbsence of any major impurities.

Theintercaation of thelayered dlayshyionicliquids
(named: [MPrPI], [MPrPPI], [BMIM] and
[BrPrMIM]) wasundertaken in order to determinethe
utility of ionicliquidsassurfactantsfor exfoliating these
layered clays. Their namesand structuresaregivenin
TABLE 1.

Prepar ation of ionicliquidsmodified bentonites

Theintercalation of thelLsionicliquidsinto the
bentonite gallerieswas carried out by cationic exchange
reaction following aprevioudy described procedure s
2. briefly; agueous solutions of ionic liquids were
prepared by dissolutionin 100 ml of distilled water of
eachIL. Theionicliquidsinterca ated bentoniteswere
prepared during 24 h by slow addition of 10 g of
bentonite (1g/h) to ionic liquids in a reactor under
medium speed stirring at room temperature. The
products were then separated by filtration, washed
severd timeswith distilled water, driedinaconvection
ovena 80°C during 24 h and finally crushed in a mortar.

Char acterization of raw and modified bentonites

X-ray diffraction (XRD) anayseswere performed
with afine-focus Cu anode source (Diffractis586 Enraf
Nonius) by selecting the CuKa radiation line
(wavelength. of 1.54 A), focused by a multilayer mirror
and collimated by dlits. Diffraction patterns were
captured using an X-ray tubevoltage and current of 40
kV and 20 mA, respectively and an exposuretime of
300s.

The ranges of scattering vector g = 4z sinf/A (0

being half the scattering angle) were 0.08-0.50 A
Therepeat distancesd characteristic of the structural
arrangementsweregivenby ¢ (A?) =2 /d (A). Silver
behenate and highly pure tristearin were used as
standardsto calibrate detector’??. The measurement
accuracies of the g-values have been estimated at
0.0005 A,

Inorder to evaluatethetherma stability of theraw
and modified bentonites, as well as the amount of
intercal ated ionicliquidsproducts, thermo-gravimetric
andyss(TGA) and differentid thermd andyses(DTG)
were performed with a NETZSCH STA 449 C
instrument using 4+ 0.001 mg samples. The samples
were heated at a rate of 5°C/min from room
temperature to 400°C in an argon atmosphere. The
temperaturereproduci bility of the TGA instrument was
+3°C.

In the same conditions, differential scanning
calorimetry (DSC) thermograms were recorded by
usingaNETZSCH DSC 204 F1 instrument, which
operated at aramp of 10°C/min from room temperature
to 400°C flowing argon atmosphere, temperature
controller with an accuracy of +0.001°C achieved in
theentirerange of measurements.

RESULTSAND DISCUSSION

Spectral datafor ionicliquids

Thedetailsof spectra(*H, *C NMR and Ftir) of
ILswerefoundto beidentical with thosereported in
theliteratureand aregiven below:
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TABLE 2: Spectral dataof prepared ILs

IL

Spectral data

[MPrPI][Br ]

'H-NMR (CDCl3) 3y (ppm) : 0.93 (t, 3H, J= 7, CH,CH3), 1.47-1.64 (m, 8H, 4xCH,), 3.23-3.29 (m,
6H, 3x N"CH,), 3.31 (s, 3H, N"CHs); *C-NMR (CDCl3) 8¢ (ppm) : 15.13, 19.51, 20.40, 24.30,

[v(C-H) ].

47.70, 59.63, 61.63, 123.75; IR (V /em Y): 2950 [v(C-H)], 1467 [5(C-H)], 1261 [v(C-N) ], 949,750

1H-NMR (Dzo) SH (ppm) . 163 (m, 4H, ZCHzcﬂchz), 185 (m, 8H, 4- CHzcﬂchz), 229 (m,

[MPrPPI*][2Br]
1227 [v(C-N)], 755 [v(C-H)].

2H, CH,CH,CH,), 3.05 (s, 6H, 2 - N*CHj), 3.34-3.36 (t, 12H, 6 - N*CH,CH,); *C-NMR (D,0) 8¢
(ppm) : 15.13, 19.51, 20.40, 47.70, 59.63, 61.63; IR (V /cm ) : 2956 [v (C-H)], 1466 [6 (C-H)],

'H-RMN (CDCly) 8y (ppm) : 10.12 (1H, s, N*CHN), 7.62 (1H, s, N"CHCHN), 7.46 (1H, s,
N*CHCHN), 4.28-4.24 (2H, t, J=2.6 Hz, NCH,CH,CH,), 4.06 (3H, s, N*CH), 1.86-183 (2H, m,

[BMIM*][Br]

J=6.4 Hz, NCH,CH,), 1.27-1.21 (2H, m, J=2.8 Hz, NCH,CH,CH,), 0.81 (3H, t, J=6.8 Hz,
N*(CH,)3CHs). *C-RMN (CDCl3) 8¢ (ppm): 13.53, 19.50, 32.22, 36.80, 49.87, 122.30, 123.88,

137.20; IR (V' fem'?) : 3068 [v(=C-H)], 2958, 2872 [v (C-H)], 1632 [v(C=C) ], 1463 [5(C-H) ], 1168

[v(C-N) ], 751 [v(C-H) ].

IH-RMN (CDCl3) 8y (ppm) : 7.58 (1H, s, N*CHN), 7.47 (1H, s, N'CHCHN), 6.96 (1H, s,

[BrPrMIM™][Br

N*CHCHN), 4.29-4.25 (2H, t, J=7.8 Hz, NCH,CH,CH,), 4.05-4.01 (2H, m, J=2 Hz, NCH,CH,
CH,Br), 1.82(2H, t, J=7.6 Hz, N(CH, CH,CH,). 1.77-1.72 (3H, s, N"CHy); *C-RMN (CDCl3) 8¢

] (ppm) : 30.02, 31.67, 36.06, 48.62, 121.20, 122.94, 143.49; IR (V /cm™) : 3071 [v(=C-H)], 2958,
2873 [v (C-H)], 1632 [v(C=C) ], 1462 [3(C-H) ], 1137 [v(C-N) ], 753 [v(C-H) ], 652 [v(C-Br)].

Char acterization of modified bentonites

1. X-ray diffraction analyses

The X-Ray Scattering measurements represent a
powerful way to understand the changesinthe structure
of theclay environment. Figure 1 exhibitsXRD pattern
of raw and modified bentonites. Therange period (d)
was calculated from d = 2 z/q, where qisthe position
of thepeak at maximum of thebragg reflections. XDR
patterns showed reflectionsat = 0.488, 0.416, 0.434,
0.422, 0.434 and 0.479 A%, which correspond to the
interlayer distancesof d=12.86, 15.08, 14.46,14.86,

600 -
500 1
400 <

3004,

Intensity (a,u,)

200+

LR 4
ll‘ v I
100 M
# LT
rﬂ‘M JNW&MWM‘J‘M;\ Jra mmm"ﬁ“"” *ml Imwfl' m
g Wﬂw & Arf o]

q (A7)

14.46 and 13.10 A for the raw bentonite, purified
bentonite, B-[MPrP1], B-[MPrPPI], B-[BMIM] and
B-[BrPrMIM], respectively, located at 26 between 4°
and 8° (see Figure 1 (b)).

Firstly, thisfigureclearly showstheincreaseinthe
basal spacing of bentonitefrom 12.86 A for the raw
bentoniteto 15.08 A for purified bentonite, these values
confirming that the raw bentoniteishydrated with one
monolayer, whilethe purified bentonite hastwo layers
of interlayer water, whichisconssent andidentica with
other vauesreportedin theliterature?4,

It can benoti ced that in the purification step thereis

T T T T T T T
a.0 4.5 5.0 5.5 .0 5.5 7.0 7.8 a0 8.5
Dthata (°)

Figurel: X-ray diffraction patter nsof theraw and modified bentoniteat 20°C (1) BN, (2) BP, (3) B-[MPrPI], (4) B-[MPrPPI],
(5) B-[BrMBIM], (6) B-[BrMBIM]. (a) intheq range0.08-0.50, (b) in the 20 range 4-8°
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anincreaseof thebasa spacing of clay, whichindicates
that somewater mol eculesremain between thebentonite
layersduring washing of bentonite.

Thebasal spacing values of theraw and modified
bentoniteare shownin TABLE 3. Fromthisdata, the
basal spacingsfor thefour organoclaysprepared, are
between 13.10 and 14.86 A. In other words, the
thickness of the bentonitelayer is9.6 A. Therefore, the
interlayer distanceis0.24-02.22 A. This shiftis a clear
signature of the intercalation of the ILs between the
layers of bentonite®. Nevertheless, the d  values
indicatethat the exchanged [MPrPI*], [MPrPPI*] and
[BMIM*] ionsadopt monolayer arrangementsin the
interlayer depending on the amount of the modifier
loading and onitsorientation.

TABLE 3: d-Spacingsof theraw and modified bentonitecal-
culated from XRD patterns

Changeind
CIay/Organo- 200 d-Spacing spacing_
bentonite (&) Vs bentonite
(A)
BN 6.86 12.86 -
BP 5.85 15.08 +02.22
B-[MPrPI] 6.10 14.46 + 01.60
B-[MPrPPI] 6.04  14.86 +02
B-[BMIM] 6.10 14.46 + 01.60
B-[BrMBIM] 6.73 13.10 +0.24

Inthisway, bentoniteintercaationwith dicationic
piperidinium ismoreimportant to that obtained by a
monocationic piperidinium; this difference can be
explained by the molecular weight of the IL and its
arrangement into the bentonitegaleries.

Previous studies by Gu et a. have studied bis-
pyridinium dibromides modified organo-bentonite.
These authors demonstrated that thisdicationicionic
liquidionliespardld tothesloxanesurfacesand forms
monolayers?,

Ontheother hand, theintercalation of bentonite
with [BMIM*] provides accessto the basal spacing
(d=14.46 A) is more important to that obtained by
[BrPrMIM*] (13.10 A), this difference can be explained
by theintercal ation mechanism and by the chemical
structure of IL ions exchanged on the surface of
bentonite, dso, withther arrangement into thebentonite
gdleries. In the fact, the B-[BrPrMIM] physically
adsorbed ontheexternd surfaceof theday had bromide
atom attached with thechain propyl, wherethisbromide

FULL PAPER

was keyed and clogged into the surface and established
aphysical adsorption. Thus, it can be concluded that
the intercalation of the [BrPrMIM*] into narrow
interlayer spacingisdifficult duetothesteric hindrance
caused by thelarge size of bromineatoms, leadingtoa
significant decreaseinthe d-spacing of organoclay.

Thisresultiscompareto that published by Reinert
et a1 who studied theintercalation of thesamelL sat
[BMIM*] with chlorideanion on montmorilloniteand
foundavaueof 13.69 A. Also Abdallah and Yilmazer®
who, when studying the adsorption of samelL [BMIM*]
salt with bromide hexafluorophosphate anions on
sodium montmorillonite, found that the intercal ated
organoclay presented basal spacing of 13.4 A.

Generdly, themolecular weight of [MPrPPI*] was
larger than that of [MPrPI*] by 1.69%, than that of
[BMIM™] by 1.72% and by 1.17% for [BrPrMIM*],
meaning that theamount of theexchanged [MPrPPI] in
the bentonitesinterlayerswaslarger than that of the
exchanged [MPrPI*], [BMIM*] and [BrPrMIM*]. The
d-spacing of the organobentonites increased in the
following order:

B-[MPrPPI]> B-[MPrPI] H” B-[BMIM]> B-
[BrPrMIM]. Theseresults suggest that the swelling of
theclay isdirectly related to the steric S zeand molecular
weight of the intercalated molecule, and arein good
agreement with previous studies®.

2. Thermogravimetric analysis(TGA, DTG and
DSC)

Asmentioned before, one of theobjectivesof this
organomodification by using ILs is to produce
organoclayswith improved thermal stability, whichis
animportant featurefor further applications. For this
reason, and in order to evauatethermal s properties of
these organoclays, threemode of therma andysiswere
used: TGA, DTG and DSC.

TABLE 4: Temper aturesdecomposition of raw and modified
bentonitesdiscerniblefrom curveDTG

Clay/Organo  Temperature at Temperature at
-bentonite step | (°C) step |1 (°C)

BN 94 -

PB 112 -
B-[MPrPI] 78 255
B-[MPrPPI] 61 261
B-[BMIM] 65 290
B-[BrMBIM] 83 306
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Theresultsarereported intermsof the maximum
decomposition temperature which was found from
derivative peaks (TABLE 4). The raw and purified
bentonite show mass losses of 9.4% and 10.2%
respectively below 150°C due to the removal of the
bounding, physi sorbed water around meta cationsin
the exchangeablesites of bentonite; thereisno further
degradation theresfter.

The four organobentonites (B-[MPrPI], B-
[MPrPPI], B-[BMIM] and B-[BrMBIM]) showed
7.7%, 8.1%, 8.2%, 8.5% weight |osses, respectively,
inthe TG curve (Figure 2). However, inthe case of the
B-[MPrPI], theweight loss, whichisattributed to the
decomposition of thelL, was observed as 13.20% and
total weight lossof the B-[MPrPI] was 22.08%. Inthe
case of the B-[MPrPPI], weight loss, which isaso
attributed to thedecomposition of thelL, wasobserved
as12.08% and thetotal weight lossof the B-[MPrPPl]
was 18.48%. For the B-[BMIM], the weight loss,
which, again, isattributed to the decomposition of the
IL, was observed as 6.78% and the total weight | oss of
the B-[BMIM] was 17.63%.

102
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98]
96
94
92

90 -
88| @

2PB

Weight / %

1BN

a6 6 B-[BMIM"]

a1 ] v 4 B-[MPrPPI] i

g 3 B-[MPrPI’] 6
1 4 5B-[BrPrMIM+] 3

80+

78; 4

76 ] L B I T T T T T T T T T T T T
0 50 100 150 200 250 300 350 400 450
Temperature /°C
Figure2: TGA curvesof theraw, purified and modified
bentonites

On the other hand, The DTG curves of raw and
purified bentonite show oneendothermi ¢ peak: the pesk
at 94°C is ascribed to the bounding water in the raw
bentonite; another peak at 112°C in the purified bentonite
isrelated tothe physically adsorbed water. Thedifferent
temperature value is related to the percentage of
hydration water present intheinterlayer.

TheTG-DTG traces of organobentonites show two
peaksinthetemperaturerangeof 50-300°C, typically;
thefirst corresponds to the dehydration of adsorbed

water andinterlayer water. Thisfirst water lossfollows

thetrend B-[MPrPPI] > B-[MPrPI] > B-[BMIM] >

B-[BrPrMIM] due to their hydrophobic character

caused by the organomodification, and depending of

intercal ation efficiency observedin XDR patterns. On
further heating, the second peak show that the
decomposition of the ILs started at 200°C and was
completeat 350°C, depending on the ionic liquid type

(Figure 3). Theresultsarein general agreement with

similar behavior was observed by Awad et al.*% and

Reinert et al?”! where the piperidinium salts usually

possessalower thermd stability thanimidazolium ones.

The TGA/DTG anaysesindicated thefollowing
observations:

e B-[MPrPI] started and finished decomposing
before B-[MPrPPI]; this difference could be
gned to natureand on physicd-chemica festure
of ionicliquidsintercal ated into theinterlayer of
bentonite.

e  Whatever thecationtype, and based ontheresults
presented inliterature, thethermal stability of B-
[BMIM] waslower than B-[BrPrMIM] one. The
fact that thebutyl imidazolium startsdecomposing
before the propyl bromide can be explained by
the presenceof bromineatom linkedinthe propyl
chain attached to nitrogentY.

e  Thepiperidinium bentonitesstarted and finished
decomposing beforetheimidazolium bentonites,
thisdifference could be explained by the higher
stability of theimidazolium cation. Theseresults
confirm that theimidazolium saltsare excellent
candidatesfor applicationin nanocomposites.

Fromthethermo-gramsof organobentonites, it was
clear that thethermal stability could bearrangedinthe
order:

B-[MPrPI] < B-[MPrPPI] < B-[BMIM] < B-
[BrPrMIM].

In addition, no thermal decomposition or
dehydroxylation of the structural OH units of the
bentonite was detected within the operational
temperature rangelimit from 0t0 400°C in our study.

Accordingto DTG test, Figure 3 showsmassloss
peaks for B-[MPrPI], B-[MPrPPI] at 255°C and
261°C, and for B-[BMIM], B-[BrPrMIM] at 290°C
and 306°C, respectively, demonstrating that the
piperidinium organo-bentonite is more readily
decomposed thanimidazolium organo-bentonite.
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Figure4: DSC curvesof theraw, purified and modified bentonites

DTG/DSC curvesof theraw and purified bentonite
shows one peak advanced that 100°C, due to the
volatilization of thefreewater. Comparatively, modified
organo-bentonites have lower mass loss at this
temperature, implying lessfreewater inthemodified
bentonites, A possible explanationisthat the presence
of ILs lowers the surface energy of the inorganic
materia, and convertsthe hydrophilic silicate surface
to an organophilic ong’¥34,

Asconclusioninthis part, the TGA/DTG study
exactly fitsand confirmed the DSC study. It wasalso
observed fromTGA/DTG and DSC andysisthat thermd
stability depend onthemasslossof theintercdated IL.

CONCLUSION
In summary, Bentonitewas organically modified

using four different ILsof organo-modifiersnamdly; 1-
methyl-1-propyl piperidiniumbromide, trimethylenebis-

methyl piperidinium bromide, 1-butyl-3-
methylimidazolium bromide, 1-propyl bromide-3-
methylimidazolium bromide. Analys swas conducted
usng XRD, TGA, DTG and DSC.

Thevariationof theBentoniteinterl ayer spacegdlery
was affected by thetypeof organo-modifiersused. The
prepared organoclays could be arranged according to
their space galleries in the order: B-[MPrPPI|> B-
[MPrPI] H” B-[BMIM]> B-[BrPrMIM]. Most
importantly, X DR resultsindicated that variation of the
interlayer space gallery was effected by thetype of the
penetrator used; themol ecular weight wasthe dominant
factor, whereas for the organoclays, the chemical
structure controlled the thermal stability. Also, the
arrangement of theimidazoliumand piperidiniumions
exchanged is mainly monolayer in the bentonite
interlayer.

Furthermore, thestudy of thethermal behaviour of
the organically modified bentonite showsatwo step
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degradation process due to the overlapping of clay
dehydration processes and organic modifier
volatilization. The thermal stability of the prepared
modified bentonites can be arranged inthe order: B-
[MPrPI] < B-[MPrPPI] < B-[BMIM] < B-
[BrPrMIM].

To sum up, these organi cally modified bentonites
have potential utility in the preparation of polymer
nanocompositesand in other possibleapplications. The
gpplication of thesemodified montmorillonitesisunder
investigation.
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