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ABSTRACT

The adsorption capacity of organo-bentonite towastightly soluble in water organic compounds offetiént
polarity was studied. The organic solutes were idenzene, toluene and nitrotoluene. The adsorbemé the
natural bentonite, the bentonite modified by *N@n exchange and organo-bentonites intercalatedh wi
hexadecyltrimethyl ammonium, HDTMA, dimethylformdeniDMF, and dimethylsulfoxyde, DMSO. All adsorbent
were characterized with the FTIR spectroscopy, XRD TGA. Experimental results obtained make it iptesso
acquire a better comprehension of the adsorptiocharism and may be used to improve designing ¢ditdai
organo-bentonites for adsorption processes.
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INTRODUCTION

The application of natural and modified clays ifmoxing nonionic organic compounds from contaminated
environmental water has been extensively studigthgldast decades due to the high efficiency and dost of
these materials. Special attention was paid to fieadbentonites that display interesting sorptioopgrties and are
easily intercalated with organic compounds. Madifion of bentonites consists on [1-3] replacing miaturally
occurring cations (e.g. NaK*, and C4") in the internal surface of bentonite and remowimg hydrating layers of
water molecules. The removed water may be replagemh organic solvent intercalating the interlagpace. It is
widely accepted that the sorption to the innerauefof bentonite depends on the type of cationrhdgo[4,5].
Adsorption is enhanced in the presence of weakigrdted cations (Cs Rb’, K*, or NH'), and lowers with
strongly hydrated cations (‘HNa', C&*, Mg*, AI*") [4, 6-8]. It was observed that organic cationsceftain
surfactants such as hexadecyltrimethyl, HDTMA,10] lowers the hydrophobic character of theeilayer and
enhance sorption of organic compounds) from wadte, [L1-15].

When the interlayer space is filled with an orgasalvent the sorption mechanisms corresponds tosthate
partitioning between the bulk, aqueous phase aedicroscopic organic phase confined in the inyerapace.
Nevertheless, the solute retention may occur thr@gdsorption to the surfaces, also. Recent st(i2iie23] indicate
that the -NQ@ groups can form complexes with the weakly hydragethangeable cations. In the case of
nitroaromatics, the aromatic ring interacts wite thydrophobic portion of clay surfaces enhanciregydtability of
the complex [23,24,15].

Therefore, a careful analysis of bentonite sorpsibould take into account various mechanisms [168179].
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Numerous studies on organobentonite adsorption wetdished in the literature and various aspectshef
adsorption mechanism were studied. It is widelyepted that the bentonite intercalated with HDTN\Ation is the
optimal sorbent of nonpolar organic compounds [2B]the present study we were concerned with seleaif
suitable organobentonites to removing slightly btduaromatic compounds from aqueous solutions. ¥ fbeen
dealing with three substituted benzenes of diffepararity: toluene, chlorobenzene and nitrotokieNitrotoluene
is highly polar and may form complexes. Two othars weekly polar. All three compounds are fairljubte in
water.

The sorption experiments were carried out with tuna Algerian bentonite, with Na-bentonite and hwihree
organobentonites i.e. HDTMA-bentonite, DMSO bent®nDMF-bentonite. In spite of the fact that HDTMA-
bentonite is considered as optimal adsorbent, widdé to compare the sorption properties of thneggmoclays.
DMSO bentonite and DMF-bentonite are less knowrens, but a comparison of different organoclaykes it
possible to have a deeper insight into the sorptiechanism.

The comparison of natural bentonite and4dantonite allows to verify the influence of theglelectroneutrality
and hydration on sorption propertiéche inner layer of bentonite is composed of onalwadral alumina sheet
placed between two tetrahedral silica sheets. Béetcsurface is negatively charged due to the isphmus
substitutions of Al" and St* by Mg?* and AP*. This charged imbalance may be equilibrated byeixchange. When
the electrical neutrality is obtained with Navhich is easily hydrated in presence of the waken the layer surface
is hydrophilic and the bentonite has a low affirtibyvards nonpolar compounds. The sorption resuéisgmted in
this work allows verifying this pattern with the gdrian bentonite.

EXPERIMENTAL SECTION

Preparation of organo-clay

The natural bentonite used in this study was frommkham Boughrara (west Algeria). Chemical propexiethis
clay were studied and published in the literatlitee cation exchange capacity (CEC) was found t6.88 meq/g
[6]. The chemical composition was as follows: $i65.2%, AbOz-17.25%, FegOs-2.1%, MgO — 3.1%, CaO - 5%,
NaO - 3%, KO — 1.7%, TiQ—0.2%, As — 0.05%, loss of ignition 2.69%5].

The Na-exchanged form of the bentonite was preplayesdirring 1 M NaCl solution containing a sampfehe clay
for 24 hours at ambient temperature. Next, thetgwluvas filtered and the clay was washed withiltkst water to
remove NaCl and other exchangeable cations fronclthe Rinsing was repeated until the negativetieaon ClI
ions in filtrate was obtained (test with 0.1 M Agl@hen dried at 70°C27]. The Na-bentonite was intercalated
with cationic surfactant hexadecyltrimethylammonibnomide (HDTMA) in a following way: 200 ml of 4 %f
HDTMA aqueoussolution was stirred with 20 g Na-bentonite for B828]. The bentonite separated by filtration
was washed with deionized water in order to coneptaiemove bromide (test with 0.1M AgNf@&nd then dried at
70°C [29-33. The intercalation of DMSO or DMF into bentoniteasvdone in a following way: 20 grams of
bentonite was stirred with 200 ml of anhydrous DM&CDMF for 9 days at 70°C. The filtered clay waashed
with 25 ml of dioxane and 25 ml of ethanol, andtldeied at 110°¢30-37.

Characterization of modified clays

Modified bentonites were analyzed using thermalyaig (TGA), infra-red analysis (FTIR) and X-rayffdaction.
Thermal balance 2050 TGA V5.4A from TA instrumewiss used to study the thermal decomposition ofsclage
characteristic feature of this equipment was that lieating rate was coupled with the mass losstefdre, the
temperature of the sample temperature was keptamnsntil the mass loss corresponding to a chdmézaction
was completed. The thermal evolution of the rawemals was followed from the room temperature uB@0°C.
The average mass of the sample used was of abaug20

Chemical modifications of clays were confirmed bYIR spectra obtained a spectrometer of Perkin Elmer
(Spectrum One FTIR) in the wave number range oD4880cnT.

Structural modifications of clays were charactetidey X-ray powder diffraction (XRD). The analysisasv
performed using Bruker diffractometer, model D8 Adge, equipped with a CucKsource and a fast detector
Lynxeyes (system-0) and working at the monochromatic radiatiom; Kvavelength of coppeA€ 1.5406A°). The
measured angular field ranged froh=24 to 15.
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RESULTS AND DISCUSSION

Thermogravimetric analyses

Thermal modification of bentonite, Na-bentonite, HDA-bentonite, DMSO-bentonite, and DMF-bentonites ar
illustrated by curves given in fig.1.

TGA records of the bentonite and Na-bentonite hoavs in fig.1.a-b. The mass loss of 8.7% and 3%esponding
to the dehydration of these clays were observauemively at 80.7°C and 75.1°C.

TGA thermal curve corresponding to HDTMA-bentonitg,1.c, contains four stages of the masse logsgss. The
water loss was of 2.2% with the maximum desorptaie was observed at 60.6°C. Next three stagessmonding
to the surfactant decomposition were observed 8t8€, 283.1°C, and 392.1°C with respective massds of

17.6%, 3.7%, and 7.9%. It may be concluded that dindactant constitutes about 30% of the mass i3f th
organoclay.

In the case of DMSO-bentonite, fig.1.d, the twagetareaction was observed. The first mass los&o(41952.7°C)
corresponding to the release of the adsorbed wates followed by the second one (6.2% at 207.06°C)
corresponding to the evaporation of DMSO. Thusafyanoclay contained of about 6.2% of DMSO.

A more complex TGA thermal curve, fig.1.e, was obied with DMF-bentonite. The four stages of the snlass
were observed in this case. The water loss wa$41652.3°C) was followed by DMF evaporation (4.@%
193.9°C) and two stage decomposition of chemisorbdF (1: 2.5% at 320.6°C; 2: 2.3% at 532.9°C).
Consequently DMF constituted 8.8% of the mass isfdhganoclay.

It may be noted that the water content in orgaagscivas within 1.6% - 2.1%. It was of 3% with Naxtwmite and
of 8.7% with natural bentonite. The Neation exchange made diminish the clay hydratidior
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Fig. 1. TGA/DTG analysis of bentonite (a), Na-bentute (b), HDTMA-bentonite (c), DMSO-bentonite (d) axd DMF-bentonite (e).

FT-IR analysis
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Fig. 2. Infrared spectra of bentonite (a), HDTMA-kentonite (b) and DMF-bentonite (c)

Figure 2a displays a typical spectrum of bentowité the intense band at 982 ¢rfrom stretching vibration of Si-
O, the other bands corresponding to the water gdbogehe clay: th®, H-O-H bending vibration spectral range at

1600-1700 cnt; v, H-bonding to Si-O-Al is located at 3370-3480tand the hydrogen bond to Si-O-Si linkage is
located at 3613 cih

In figure 2b the presence of the HDTMA is confirmedthe significant band at 720 ¢roorresponding to the GH
rocking mode arosing from the presence of the stafd.

The band’s intensity of the sorbed water decredsethe introduction of HDTMA (1600-1700 ¢hand 3300-3700

cm'), so there is less sorbed water in the modifiedtdréte. These results are in agreement with tiseltse
obtained by TGA.

The introduction of HDTMA increase the vibratiomesthing band of Si-O-Si from 982 to 988 tiand the band of
Al-O-Al characteristic for the dioctahedral smegshifted to lower wavenumbers, here from 916 © @i, All of
our results are in good agreement with the liteegts4] .
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Concerning the HDTMA, the C-H bending band is htited to a sharp narrow single peak at 1472 which is
associated with a parallel arrangement of the nietieychains at 1468 cmThe CH asymmetric stretching,s at
2918 cm' and the symmetric stretching at 2850 crit could be attributed to the gauche trans confoomatif the
surfactant.

For the DMF-bentonite, the band corresponding #uiy, is drastically reduced proving the insertion of Blih
the bentonite structure. The chemical functionhaf DMF is present in the infrared spectra by assigime well
defined band at 1660 ¢hio theuc-g + Uc.y Vibration. The band at 1387 émorresponds to thec.n + dchs and the
bands between 1400 and 1500%cane attributed t6cps.

XRD analysis

The XRD spectra of bentonite, Na-bentonite, HDTMéntonite, DMSO-bentonite and DMF-bentonite are
presented in fig.3 (a), (b), (c), (d) and (e), exdjvely. Accordingly, the d001 reflection occuts2atheta= 6.6 for
bentonite, 7.2 for Na-bentonite, 6.3 for DMF-beriten6.3 for DMSO-bentonite and 4.5 for HDTMA-bentie.
This indicates that that the geometry of the iatggt space was modified. The interlayer distangeends on the
surface electrical charge and on the arrangemethttlae nature of molecules filling the interlayerasp. The
interlayer distance observed in the case of betcmid Na-bentonite was 13.5 and 12.2 respectivédyural
bentonite surface is negatively charged due tasivmorphous substitutions within the layers ot*Abr Si** in the
tetrahedral sheet and Kfgor AI** in the octahedral sheet. When ions on the layéase are exchanged by Neée
surface is no more charged and the interlayer ristdowers. For modified bentonite the X-ray pehKtad to
lower angles indicating increasing basal spacingthe case of HDTMA-bentonite the interlayer disenvas of
1.95 nm. The arrangement of HDTMA molecules inriliatger space depends on the concentration of tHactant
(5, 41-42) going from a monolayer to a bilayer, théx a pseudo-trimolecular layer and then to affiaic quasi
crystalline arrangement. The interlayer distancel ® nm corresponds to the bilayer coverage caldotic
domain. A disordered arrangement of the surfaathains facilitates swelling of organic moleculesr Ehis reason
we have selected this material for adsorption @rpants. The interlayer distance observed in the cddDMSO-
bentonite and DMF-bentonite was of 14.1 nm and h39respectively. These polar solvents intercdiatetonite
and form probably bilayer structure in the intedagpace. The interlayer distance is slightly higt@mmparing to
water bilayer.
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Fig. 3. XRD pattern of bentonite (a), Na-bentonitéb), HDTMA-bentonite (e), DMSO-bentonite (d) and DMF-bentonite (c)

Adsorption kinetics studies

Kinetic studies of adsorption are helpful to untkmding the mechanism of this process. Moreover ktiowledge
of adsorption kinetics is important for designimgnoval of pollutants. In the present study thesrafeadsorption of
chlorobenzene, toluene and nitrobenzene were dietednwith bentonite and organobentonites.
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Kinetic experiments were carried out in erlenmeigsks containing saturated aqueous solutions lokchenzene,
toluene, or nitrotoluene solutions (100 ml) with 8@ of the natural bentonite or modified bentorate25°C.
Solutions were stirred at 300 rpm during selectgas lof time. Then, the solution was centrifugedetmoving the
clay dispersion and analysed using the UV-vis spawtry. The solution concentration allowed to akdting the
guantity g (mmol/g) of the organic compound adsorbed by aaengf adsorbent.

A, = (Co ~C.) x— (1)
m

Where g is the adsorption capacity of the adsorbeZy,and G (mmol/L) are the initial and equilibrium
concentrations, respectively, of the adsorbatéénsolution. V (L) the volume of the solution andgh is the mass
of adsorbent used. This experiment was repeatddgerof time going up to 250 min.

Fig.4 presents the adsorption kinetics obtained@t temperature with the initial concentratioradsorbate being
0.25 mmol/L for chlorobenzene and toluene solutiand 0.1458 mmol/L for nitrotoluene solution. Thass of
adsorbent was of 80 mg within all experiments.

The mechanism of the adsorption kinetics was studgng two kinetic models.

The first one was the pseudo first-orfies-19, as expressed by the following equation:

kl
t 2
2303 @)

Where gand q are the amounts of an organic compound adsorbeguélibrium and after time t respectively. Rate
constant of adsorption was noted agrkin™).

Log(q. —q,) = Log(q.) — (

If the plot of log (g — @) versus time is linear, then the value ofikay be directly obtained from the slope.

The pseudo-second order mofiZ0-24 can be written as follows:

dq
d; =k, % (g, —q,)* €)

Where k is the equilibrium rate constant of the pseudmedcorder (g mmadimin™ or g mg'min™). Separating
variables in eq. (3) and integrating for the bougdanditions g=0to @=qgand t=0to t =t yields an expression
that may be rearranged to the following linear form

t 1 t
+

o L 4)
q. k,xq: q,

The slope and the intercept allow establishingragl k respectively.
Parameters of kinetic models together wiftcBrresponding to the fit are presented in Tables31

The pseudo-second-order model yields a slightliebét. Moreover, the value of.@btained from the fit is close to
the experimental value. The value qQfalptained with pseudo first order model was almd@% higher. The fact
that the adsorption follows the pseudo-second-ondedel indicates that adsorbed solutes migrate thrgoporous

structure of the clay. This result agrees wittkadketic studies concerning bentonite and organalrétgs.

To have a deeper insight in the mechanism of atisorphe kinetic date were treated with intrapaetidiffusion
model (IDM) proposed by Weber and Morris [45, 46].

This model is based on expression obtained byrsplscond Fick’'s equation for an adsorbent parsiagtpended in
solution:
1

q: = kint xtE (5)
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Where ky is the intraparticle diffusion rate constant (mfgolin“?or mg/gmirt’?).
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Fig. 4. Kinetics of adsorption on modified bentonis: a)- chlorobenzene, b)- toluene and c) — nitrdtene.

The initial rate of the intraparticle diffusion mhg obtained by linearization of this equation exppsed by Wu et

al. [47]:

1
t =
s :1—R{1—(—)2} ©)
ref tref
1
t2
Where Ri = b is defined as a factor of the initial diffusiofiR; = 1 no initial adsorption is observed. If R
qref

< 0.1 than the initial adsorption is the main pssceTherefore, eq.6 makes it possible estimatirgtive
contributions of the initial adsorption and theramtarticle diffusion. Rmay be obtained with the intercept value of
eg. (6). According to Mc Key et gl8] extrapolation of the linear portion of the plottte O provides intercepts
which are proportional to the extent of the bougdayer thickness, that is, the larger the intetdbp greater the

boundary layer effect retarding IDM. Interceptsigades the contribution of the initial adsorptionthe sorption
process.

Fig.5 reports the plots obtained applying kinetatadpresented here to eq. 6. It may be observedhéanitial
adsorption corresponding to intercept is locatesvéen 0.9 and 0.5 that corresponds according taWal.[47] to
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“intermediately initial adsorption”. The highesitial adsorption was observed with chlorobenzeney&s of about
0.5 with HDTMA-bentonite and of 0.2 with naturalitenite. The lowest values of Bbserved with toluene were
of 0.8 with HDTMA-bentonite and of 0.9 with the oedl bentonite. In the case of p-nitrotoluene titercept value
was of about 0.8 with all bentonites and organatr@tes. Two conclusions may be drawn. At first, thaterial
displaying the highest initial adsorption is HDTM#ntonite. Secondly, the lowest values of initids@ption

occurs with nonpolar organics such as toluene.

Table 1. Pseudo-first order and pseudo-second ordé&imetics parameters of chlorobenzene adsorption obentonites

Adsorbent

Pseudo-first-order, eq. 2

Pseudo-second-orded eq.

ks

Qe calc

ka

ge calc

2 2
(min®) | (mmol/g) R (gmmol* min?) | (mmol/g) R
Bentonite 0.0195 0.4572 0.9971 0.0961 0.2376 0.9951
Na-bentonite 0.01964 0.4132 0.9995 0.2040 0.2368 984.9
HDTMA-bentonite | 0.0319 0.4351 0.9970 0.3401 0.23200.9995
DMSO-bentonite 0.026( 0.4722, 0.9939 0.1759 0.25p2 .9983B
DMF-bentonite 0.0229 0.4679 0.9867 0.1402 0.2510 9961

1,04
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0,6 -

0,/

0,4

0,24

Table 2. Pseudo-first order and pseudo-second ordkinetics parameters of toluene adsorption on bemnites.
Pseudo-first-order, eq. 2 Pseudo-second-orde4 eq.
Adsorbent ky e calc R ka Oe calc R?
(min®) | (mmol/g) (gmmol* min?) | (mmol/g)
Bentonite 0.0158 0.4402 0.9978 0.1017 0.21%9 0.9976
Na-bentonite 0.0184 0.5030 0.9882 0.0728 0.25p7 930.9
HDTMA-bentonite | 0.0192 0.5355 0.9788 0.0588 0.27070.9940
DMSO-bentonite 0.017( 0.5242 0.9675 0.0525 0.27p53 .989%
DMF-bentonite 0.0149 0.4896 0.9921 0.0597 0.2626 990
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Fig. 5. Adsorption characteristic curves of the dirensionless IDM: a)- chlorobenzene, b)- toluene arg) — nitrotoluene
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Table 3. Pseudo-first order and pseudo-second ordémetics parameters of nitrotoluene adsorption orbentonites.

Pseudo-first-order, eq. 2 Pseudo-second-orded eq.
Adsorbent ky e calc R? ka Oe calc R?
(min®) | (mmol/g) (gmmol* min?) | (mmol/g)

Bentonite 0.0172 0.3006 0.9990 0.2146 0.0825 0.9982
Na-bentonite 0.0221 0.3349 0.9975 0.2093 0.08p5 955.9
HDTMA-bentonite | 0.0196 0.3010 0.9567 0.3554 0.08830.9981
DMSO-bentonite 0.0134 0.3115 0.9823 0.1563 0.0963 .9925
DMF-bentonite 0.0123 0.3057 0.9964 0.1676 0.0982 9978

Adsorption isotherms

An adsorption isotherm describes the mechanismetntion of the solution components to a solid-phas a
constant temperature and pH. Adsorption equilibris established when the ratio between the addaab®unt
with the remaining in the solution becomes constahe graphical representation of adsorption isotiseprovides
an insight into the adsorption mechanism, as welltree affinity of the adsorbate/adsorbent couplsudlly,
mathematical correlation of adsorption isothermapaaters yields an important tool towards the aimlgé the
adsorption mechanism.

The adsorption isotherms of toluene, chlorobenzam@ nitrotoluene on bentonites and organobentonie®
assessed using the same experimental setup agingtic experiments. In each experiment a sampl&lofg of
adsorbent (bentonite or modified bentonite) wasilibgated during 3 hours at 25°C with 100 ml of aqus
solutions of toluene or chlorobenzene or nitrotokief initial concentrations,between 0.01 and 1 mmol/l.
Results obtained for chlorobenzene, toluene amdtaitiene are presented in figs 6a, 6b and 6¢ ctsply.

It should be noted that Algerian bentonites andaonogbentonites adsorb higher amounts of toluene and
chlorobenzene as compared to bentonites of diffeneégins described in the literature. The retemtad the organic
solutes on different clay materials at equilibriums compared at the solute concentrationf @15 (mmol/L) for

all solutes and materials studied. It was obsethiatithe retention of nitrotoluene was of 0.08699, 0.105, 0.109
and 0.112 mmol/g for bentonite, Na-bentonite, DMi&onite, HDTMA-bentonite and DMF-bentonite,
respectively. The retention of toluene was of 0,20314, 0.465, 0.465 and 0.497 mmol/g for bengpriNa-
bentonite, DMF-bentonite HDTMA-bentonite and DMS@spectively and the retention of chlorobenzene efas
0.361, 0.43, 0.437, 0.477 and 0.728 mmol/g for caite, DMF-bentonite, Na-bentonite, HDTMA-bentonaad
DMSO-bentonite, respectively.

DMSO-bentonite is the most efficient material tonmving toluene and chlorobenzene (particularly itenzene)
and DMF-bentonite is the best adsorbent for nitegtoe. Na-bentonite is better adsorbent than natergonite and
the retention observed with this clay was onlytgliglower than with HDTMA-bentonite adsorbent.

Results obtained confirm the idea that elaboratinganoclays one should have in mind the chemicahityf

between solute, bentonite and intercalated orgemmpound[25]. Indeed, the uptake of organic solutes may be
doubled if the interlayer space is filled with atahle solvent.

The shape of adsorption isotherms gives some itiditsa concerning the adsorption mechanism. In tme of
toluene and chlorobenzene the adsorption is nbigigor solution concentration lower than a critittareshold
being of 0.05 (mmol/L) with chlorobenzene and 0@Tmol/L) with toluene. This confirms the cooperativ
character of adsorption. Kinetic studies showedl iththe case of these solutes initial sorptionagligible and that
the internal adsorption governed by diffusion ie thain process. The adsorption isotherms are liae&igher
concentrations. This indicates that the retenti@thmanism may by reduced to a thermodynamic panrtibibthe
solute between the bulk solution and the solvdimdithe interlayer space. The solute retentioryipa expressed

by:
0. =0, * k(Ce _Ct) (7)

where @ and ¢ correspond to the retention and concentration atcttitical threshold, and k [L/g] is partition
coefficient of the solute between the bulk solutéoml the solvent filling the interlayer space.
Parameters of eq. 7 are given in Table 4.
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Table 4. Characteristic parameters of IDP

Chlorobenzene Toluene Nitrotoluene

G o} k G G k G o} k
Bentonite 0.127| 0.078 3.243 0.175 0.104 2.349 0.p47/072| 0.492
Na- bentonite 0.124 0.058 3.397 0.206 0.09 3.472050| 0.071| 0.536
HDTMA-bentonite | 0.08| 0.044 3.811 0.207 0.083 3.856.065| 0.068| 0.537
DMSO-bentonite 0.112 0.051 6.222 0.18 0.082 3.396064 | 0.072| 0.534
DMF-bentonite 0.097, 0.052 3.399 0.222 0.086 3.787.06®| 0.072| 0.555

Kinetic studies demonstrated that the initial agon of nitrobenzene is significant and constisusdout 40% of
the total adsorption. This observation was confany the pattern of the adsorption isotherm thasent a

Langmuir like shape at concentrations lower than[Gmol/L].

(c)

Fig. 6. Adsorption isotherms of chlorobenzene (a)oluene (b) and nitrotoluene (c) onto different modfied bentonite
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Results obtained confirm the utility of modifiedribenites to removing slightly soluble organics framueous
solutions. It was demonstrated that the adsorgtienhanism depends on the solute polarity. In tse citoluene,
pn = 0.34 D, adsorption is mainly driven by diffusjcand is negligible at very low concentrations.the case of
nitrotolueney = 4.44 D, the contribution of the external adsompthat follows the Langmuir pattern is signifitan
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The highest retention was obtained with modifiedtbeites using polar solvents; DMSO-bentonite weaes liest
solvent for chlorobenzene and toluene and DMF-Imitetofor nitrotoluene. Results obtained with HDTMA-
bentonite were only slightly lower with toluene amitrotoluene but the difference was significantthwi
chlorobenzene. It should be noticed that Na-betepeheap and easily produced material, displays teiuene,
chlorobenzene and nitrotoluene quite good adsorptapacity. These results indicate that the adsorgapacity
towards a given solute depends on the solvent tesedodifying the bentonite. The adsorption capadépends
also on the origin of the bentonite used. It wanaestrated that the Algerian bentonite is good dxsd.
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Nomenclature
HDTMA  Hexadecyltrimethyl ammonium cation.

DMF Dimethylformamide.

DMSO Dimethylsulfoxyde.

CEC Cation exchange capacity.

(o adsorption capacity of the adsorbent (mmol/g).

Co Initial concentration (mmol/L).

C. Equilibrium concentration (mmol/L).

Ky Rate constant of adsorption (mM)n

ko The equilibrium rate constant of the pseudo-seawddr (g.mmot.min?).
R? Correlation coefficient.

C Concentration at the critical threshold.

k Partition coefficient of the solute between thé&lmolution and the solvent filling the interlaygrace (L/g).
IPD Intraparticle diffusion model.
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