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ABSTRACT

Clay ion-exchange using bismidazolium salts (BuBIM) could provide organophilic clays materi-
als that allow effective retention of polluting dyes. The present investigations deal with bentonite
(Bt) modification using (ortho, meta and para) bisimidazolium cations and attempts to remove a
synthetic textile dyes, such as (bemacide-Yellow, bemacide-Red and bemacide-Blue) by adsorption,
from aqueous solutions. Adsorption tests applied to Bemacide dyes revealed a significant increase of
the maximum adsorption capacity from ca. 1327 to 125-168 mg-g™ after intercalation. The highest
adsorption level was noticed for bemacide-Yellow dye on the p.BuBIM-Bt. The kinetics data were ana-
lyzed using pseudo-first order and pseudo-second order models. It was best described by the pseudo-first
order model. The isotherm data were investigated according to Langmuir and Freundlich equations.
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1. Introduction

Synthetic dyes can be found in the wastewater from
various industries like paper, leather, printing, laundry,
tannery, rubber, plastic, painting and textiles [1]. Waste-
water discharges into rivers and natural streams from the
industries that use dyes poses stark environmental prob-
lems. Even minor quantities of dyes can colour huge water
bodies, which influences aesthetic merit and decreases light
penetration needed for photosynthesis. Furthermore, many
of dyes are toxic or carcinogenic [2]. Untreated disposal of
this colored water into receiving water body causes severe
damages to the human bodies and also to aquatic life [3].
Thus, the removal of colour dyes from waste water before
they are contacted with unpolluted natural water bodies
are currently one of the major problems faced by the textile
dyeing industry.

Many approaches have been developed for decontami-
nation of water, e.g. precipitation, electro dialysis, adsorp-
tion, filtration, coagulation, oxidation and membrane
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separation. However, adsorption is known to be one of the
most effective techniques to eliminate dyes from water.
Adsorption phenomenon in solution systems plays a vital
role in many areas of practical environmental technology,
which are mainly in water and waste water treatment due
to several advantages such as high efficiency, simple opera-
tion and easy recovery/reuse of adsorbent [4].

Activated carbon has been familiarized as adsorbent
due to its great sorption capacity for the dyes [5]. How-
ever the high cost has led us seeking for low-cost sorbents.
Recently, low-cost materials such as fly ash, natural zeolite,
red mud and coir pith accepted vital interest for wastewater
treatment [6-9]. In this regard, montmorillonite-rich materi-
als like bentonites exhibit highly interesting properties, e.g.
high specific surface area, cation-exchange capacity (CEC),
porosity, and tendency to retain water or other polar and
non-polar compounds. Some of these properties can easily
be improved through acid activation [10].

Acid dyes are the most problematic due to their bright
colour, acidic and water soluble reactive characteristics. Sev-
eral studies have been executed on adsorption of basic dyes
by clay minerals [11]. However, there is very little works
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on adsorption of acidic dyes [12]. Generally, the adsorption
capacity for anionic dyes is much lower than for cationic
dyes, as result of weak attractions between acidic charges
on the dyes and the negative surface of clay.

Bentonite comprises of one octahedral alumina sheet
lying between two tetrahedral layers of silica. The perma-
nent negative charge of bentonite is attributed to the iso-
morphous replacement of AI’* for Si** in the tetrahedral
layer and Mg?* for AI’* in the octahedral layer. This nega-
tive charge is balanced by the presence of replaceable cat-
ions (Ca?*, Na*, etc.) in the lattice structure, which enhance
adsorbing cationic pollutants [13]. Although, bentonite
weakly adsorbs acidic contaminants due to repulsion force
between the anion and the negative charge on the surface
of the bentonite [14]. Several authors have informed the use
of bentonite modified and organo bentonite, the surface of
the natural clays has to be modified by a cationic surfactant
for the dye adsorption experiments. By the ion-exchange
mechanism, the inorganic cation could be exchanged by the
organic surfactant cation. The modification of clay surface is
called as organoclay to cause to transform organophobic to
strongly organophilic and therefore the adsorption capacity
increases to compare with natural clay mineral and it can
be used as an adsorbent for the adsorption of dyes. This
kind of surfactant modified organobentonite has been used
extensively for a wide variety of environmental applica-
tions [15].

The aim of the present work is to investigate the possi-
bility of new organo-bentonites as an adsorbent for removal
of bemacide dyes, which is, namely Red, Blue and Yellow,
from aqueous solution by adsorption. Thus, organo-ben-
tonites containing different organic cations (para, meta or
ortho) bisimidazolium dichloride (BuBIM) were prepared.
The adsorption capacity of bemacide dyes with modified
bentonites was carried out using two kinetic models, which
are the pseudo-second order and pseudo-first order. Finally,
the experimental data were compared sing two isotherm
equation, which are Langmuir and Freundlich.

2. Materials and method
2.1. Bentonite sample

The natural bentonite used in this study was obtained
from deposits in the area of Maghnia, Algeria. The chem-
ical composition was found to be as follows: 62.48% SiO,,
17.53% ALO,, 1.23% Fe,0,, 3.59% MgO, 0.82% K,O, 0.87%
Ca0, 0.22% TiO,, 0.39% Na,O, 0.04% As, 13.0% loss on
ignition at 950°C [16]. The mineralogical analysis showed
that the native crude clay mineral contains preponder-
antly Montmorillonite (86 wt.%); The clay composition also

includes Quartz (10%), Cristoballite (3.0%) and Beidellite
(less than 1%) [16].

The bentonite was purified and was put in sodic form
according to the method published in our previous study
[17]. The cation-exchange capacity (CEC) of the Na-ben-
tonite (Na-Bt) sample was determined according to the
ammonium acetate saturation method and was found to be
67.5 mg per 100 g of dry Na-Bt. The sample BET specific
surface area was equal to 52 m?/g [16].

2.2. Synthesis of bisimidazolium salts (BuBIM)

A mixture of bis(chloromethyl) benzene (1.748 g;
10 mmol.) and 1-butyl imidazole (2.48 g; 20 mmol.) in DMF
(40 mL) were heated and stirred at 120°C for 8 h. A precip-
itate of salt was formed while the mixture was hot. After
cooling (20°C), the solution was filtered under vacuum, and
the solid was washed with dry diethyl ether (100 mL). The
product precipitate was dried under vacuum at 20°C for 1 h
[18].

Three salts were synthesized and characterized: para,
mata and ortho ((1,4-phenylenebis(methylene))bis(1-butyl-
1H-imidazol-3-ium) dichloride).

2.3. Preparation of organo-clays

The intercalation of the bisimidazolium cations into the
bentonite galleries was carried out by cationic exchange
reaction following a previously described procedure [19]:
10 g of Na-Bt are ground through 200 mesh then disperses
in deionized water (200 mL). The bisimidazolium salt
(0.85 g; 2.5 mmol.) will be slowed added to the bentonite
suspension.

The reaction mixtures are stirred at room temperature
(20 = 2°C) strongly for several hours (20 h). Then all prod-
ucts are washed free of chloride anions, separated from
water; the resulting organoclays are then centrifuged at
3000 rpm for 10 min, dried in a convection oven at 80°C
during 24 h and finally ground in an agate mortar to pass
through a 200 mesh sieve.

2.4. Adsorption and procedure

Dye waste-waters were simulated by aqueous solu-
tions of bemacide-series organic dyes industrially used for
polyamide fibbers, namely: yellow, Red and Blue. Dyes
solutions at 1000 ppm were prepared by dissolving of dyes
powder (0.1 g) in 100 mL of distilled water.

The method of adsorption used for this study, was car-
ried out by a mixture of 10 mL of dyes solutions of known

choCl Cl@ oH —?\l/\N/CthQ
CH,CI ST 2 N — DMF oINS
\ 7/ cHo NS 120 o \ 7/ .
/= CI
0, m, p _N
C4Hg = 0, m, p

Fig. 1. Synthesis of bisimidazolium dichloride (BuBIM) (o: ortho, m: meta, p: para).
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Table 1
Characterization of bisimidazolium salts
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p-BuBIM m.BuBIM 0.BuBIM

Yield (%) 78 % 75 % 73 %

"HNMR (D,0) §H (ppm) 0.90(CH,, 6H, m), 1.28(CH,, 0.86(CH,, 6H, m), 1.29(CH,, 0.93(CH,, 6H, m), 1.25(CH,,
4H, m), 1.84(CH,, 4H, m), 4H, m), 1.80(CH,, 4H, m), 4H, m), 1.82(CH,, 4H, m),

420(CH,, 4H, m), 5.40(CH,,
4H, d), 746(4H, m), 7.75(2H,
d), 8.83(2H, m), 9.20(2H, s)

2C(12.56), 2C(18.70),
2C(31.14), 2C(49.46), 2C(52.32),
4C,_(122),4C_ (129.23),

2C, (134.70), 2C, (135.39)

15C NMR (D,0) 5C (ppm)

C, H N

2277327 T4

Calcd. %(C 62.4, H7.6, N
13.2) Observed %(C 62.2, H
7.8, N 13.4)

723-863(C-H), 1160(C-N),
1359(CH,), 1442(C= ), 1561(C-
C), 1646(C=N)

cl,

FTIR v (cm™)

4.14(CH,, 4H, m), 5.39(CH,,
4H, m), 754(4H, m), 791(2H,
d), 8.82(2H, m), 9.22(2H, s)

2C(12.56), 2C(18.88), 2C(31.13),
2C(49.43), 2C(52.38),
4C_(122.33),2C, (128.22),

2C, (129.17), 2C, (130.27),

2C_ (134.78)

imd
Calcd. %(C 624, H7.6, N
13.2) Observed %(C 62.1, H
7.7, N 13.5)

733-820(C-H), 1154(C-N),
1361(CH,), 1511(C=, ), 1559(C-
C), 1633(C=N)

419(CH,, 4H, m), 5.51(CH,,
4H, m), 7.35(4H, m), 7.61(2H,
d), 8.70(2H, m), 9.11(2H, s)

2C(12.57), 2C(18.75),
2C(31.24), 2C(49.57), 2C(49.98),
4C,_(122),4C, (131.12),
4C(135.38)

Calcd. %(C 62.4, H7.6, N
13.2) Observed %(C 62.3, H
7.7, N 13.3)

744(C-H), 1170(C-N),
1294(CH,), 1538(C=, ),
1590(C-C), 1640(C=N)

concentration (C,= 50 ppm), and 0.05 g of our bentonite in
Erlenmeyer with stopper, under vigorous stirring (700 rpm)
at room temperature (20 + 2°C). Both liquid and solid
phases were separated by centrifugation; the liquid phase
was controlled using UV-Vis spectrophotometer at differ-
ent wave lengths: 443.5 nm for Yellow, 609.0 nm for Blue
and 500.0 nm for Red.

The amount of dyes adsorbed per unit mass of adsor-
bent at various equilibrium times (g, mg/g) was calculated
using following equation:

%(@)=—Ci_g xV
g 4

where C, is the initial concentration of adsorbate (mg/L), C,
is the equilibrium concentration of the adsorbate (mg/L), V
is the volume of the sample (L) and W is the weight of the
adsorbent (g) employed.

)

2.5. Characterization techniques

The NMR spectra were recorded in D,0, with Fourier
Bruker AC 400 multi nuclear spectrometer. Elemental anal-
yses were recorded with an automatic apparatus CHNS-O
Thermo Quest. The IR spectra were obtained with solids or
neat liquids with a Perkin Elmer 16 PC spectrometer Model
Fourier transform infrared spectrometer.

The chemical composition of the bentonite was deter-
mined by X-ray fluorescence spectroscopy (Philips PW
3710) and XRD patterns of bentonites were collected on a
Philips X-Pert diffractometer using Ni filtered Cu-Ka radi-
ation.

The BET-N, method was used to determine the spe-
cific surface area of bentonite, using a Volumetric Analyzer
(Nova-1000). Samples containing dyes solutions were ana-
lyzed by spectrophotometer (Analytik Jena Specord 210
Plus).

’ )
20.5 A
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£ 19.6 A
<
2)
12.8 A
)
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Fig. 2. XRD patterns for bentonites before and after intercala-
tion: (001) basal peak. (1) Na-Bt; (2) 0.BuBIM-Bt; (3) m.BuBIM—-

Bt; (4) p.BuBIM—Bt.

3. Results and discussion

3.1. XRD results of the organo-Bt

XRD is used to obtain the interlayer spacing of the ben-
tonite, before and after modification.
The bentonite which has not been organically modified

has a relatively small inter gallery distance of the d , plane
and the inter gallery environment is hydrophilic. Intercala-
tion of organic surfactant between layers of bentonite not
only changes the surface properties from hydrophilic to
hydrophobic, but also greatly increases the basal spacing of
the layers.

The X-ray diffraction pattern of Na-Bt was compared
to that of the organo-Bt, as illustrated by (Fig. 2). It clearly
appears that the clay mineral crystallinity of organo-Bt was
not diminished upon intercalation. The Fig. 2 shows XRD
pattern of crude Na-Bt, p.BuBIM-Bt, m.BuBIM-Bt and
0.BuBIM-Bt were exhibiting the reflection peak occurred at
6.9° 3.6° 4.3° and 4.5°, respectively. The interlayer spacing
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distance or the d-spacing of the bentonites were found to be
12.8,24.5,20.5 and 19.6 A for the crude Na-Bt, p.BuBIM-Bt,
m.BuBIM-Bt and o.BuBIM-Bt, respectively. The increase
in the interlayer spacing of organo-Bt was due to the diffu-
sion of organic cations into gallery regions of bentonite. The
interlayer spacing obtained by using p.BuBIM molecules is
more important to that obtained by using the m.BuBIM or
the 0.BuBIM molecules, this difference can be explained by
the molecules size and their arrangement into the bentonite
galleries [18].

3.2. Dye adsorption over Na-Bt

As a general feature, the amount of adsorbed dye
increased in time. Equilibrium was attained after ca. 15 min
for Bemacide-yellow, and 45 min for the two other dyestuffs
(Fig. 3). The maximum adsorption capacity (g, ) obtained
for Bemacide-yellow (26.67) was ca. twice higher than
those measured for Bemacide-red (14.7) and Bemacide-blue
(13.9 mg-g™). These values accounted for ca. 0.08 (Bemac-
ide-yellow), 0.03 (Bemacide-red) and 0.02 mmol-g™ (Bemac-
ide-blue), and were approximately ten times lower than the
CEC value of Na-Bt. Apparently, the major part of the cation
exchange sites were not involved, and dye adsorption on
those located on the basal surface, if any, should be very
weak. In spite of the high delamination of Na-Bt, the pres-
ence of organic dye may cause the clay mineral dispersion
to coagulate, at least in part, as a result of the low dye-clay
mineral affinity and of change in the distribution of the Na*
ions between the Stern layer and the diffuse ionic layer [12].
This makes the basal surface to be less accessible to dye
molecules. In addition, the hydrophobic character of the
remaining accessible siloxane surface occurring between
neighboring exchangeable cations is expected to be shaded
by the presence of highly hydrophilic Na* cations [20].
This is why organic dye adsorption through aromatic rings
interactions is less probable on Na-Bt.

Therefore, dye adsorption on Na-Bt must occur pre-
ponderantly via anion exchange on a small number of
edge adsorption sites, as long as the latter still remains
positively charged. Otherwise, only physical H-bonds or
van-der-Waals interactions with the edge surface should
be involved. Assuming that the dye organophilic character
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increases with the number of carbon atoms; the relatively
high adsorption level of Bemacide-yellow was explained
in terms of better compatibility with the highly hydrophilic
Na-Bt surface.

Dye adsorption was investigated in the pH range 1-7,
because preliminary experiments at higher pH provided
weak dye retention levels not exceeding 5 mg per gram
of adsorbent. Nonetheless, because decreasing pH gave
increasing amount of dye adsorbed, a special interest was
focused towards the pH range 1-2 where bentonite may
be prone to acid attack [12]. When necessary, prior to the
experimental attempts, pH was carefully adjusted to the
desired value by adding small amounts of HCL. In this pH
range, very slight dealumination occurred, as supported by
traces of dissolved aluminium [11,12]. Since no coagulation
of Al species took place at this pH level, this process was not
involved in dye removal.

From Fig. 3, pH abruptly increased within the first 1-
5 min for all three dyestuffs. When contacting Na-Bt with
the dye solution at its intrinsic pH, the slight excess of pro-
tons was immediately consumed in the protonation of edge
OH groups and of basic oxygen atoms neighboring the
exchangeable sites, inducing a quick pH increase [12,20]. In
part, the buffering action of Na-Bt may also contribute, even
though such a phenomenon is supposed to occur much
more slowly.

3.2.1. Adsorption kinetics model on Na-Bt

In an attempt to express the mechanism of dyes adsorp-
tion onto the Na-Bt, two kinetic model equations are used to
analyze the adsorption experimental data for determination
of the related kinetic parameters.

3.2.1.1. Pseudo-first order model (PFO)

The PFO rate expression based on solid capacity is the
most widely used rate equation for assigning the adsorp-
tion rate of an adsorbate from a liquid phase and is known
as the Lager gren rate equation [21]. It can be written as:

W (q.-
o= ka-a) @)

pH

.—0«‘__. —e =

. |-—»

7.0

ALAarA—aA————a)
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- e smwu)

] -
0 10 20 30 40 50

Time (min)

pH of dyes solutions in the presence of Na-Bt

Fig. 3. Adsorption of bemacide dyes onto Na-Bt. 1: bemacide-Yellow, 2: bemacide-Red, 3: bemacide-Blue.
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where g, (mg/g) is the amount of adsorbate adsorbed at time
(t), 9, (mg/g) the adsorption capacity at equilibrium, k, (min™')
is the rate constant of the PFO model and ¢ (min) is the time.
After definite integration by applying the initial conditions: g,
=0at (t=0)and g, =g, at (t = t), the Eq. (2) becomes:

Log(q. —q,)=Logq, — k 3)

/2,303

Adsorption rate constant K, was calculated from the
slope and intercept of the plots of log (g, — g,) vs. (t) as dis-
played in Fig. 4 and the parameters are reported in Table 2.

3.2.1.2. Pseudo-second order model (PSO)

The pseudo-second order model can be presented in the
following form [22]:

dg, 2

2k (g = 4
d t S (qe qt ) ( )

where k_is the rate constant for the PSO model (g/mg min).

Definite integration of Eq. (4) for boundary conditions g, =0

when (t = 0) and g, = q, et (f = t), the following form of equa-

tion can be obtained:

LA (LJ )
9. kq. \qe

The initial sorption rate constant, 1 (mg/g min), at (t =
0) can be defined as: h= kg >

Applying Eq. (5) for the analysis of kinetic data is usu-
ally based on the plotting of (t/g,) versus (t) which should

give a linear relationship; whereas, (1/7,) and (1/h) are the
slope and the intercept of obtained line, respectively.

0
@
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Pseudo-first order Kkinetic plots

The pseudo-first order model was more suitable to
describe the adsorption kinetics of dyes onto Na-Bt. As
shown in Table 2, it was observed that the high correlation
coefficients are obtained when employing the pseudo-first
order model (R? > 0.98).

3.2.2. Adsorption isotherm modeling

The relationship between the amount of a substance
adsorbed per unit mass of adsorbent at constant temperature
and its concentration in the equilibrium solution is called
the adsorption isotherm. The Langmuir and Freudlich iso-
therms are the equations most frequently used to represent
the data on adsorption from solution. The Langmuir model
is developed to represent chemisorption on a set of well-de-
fined localized adsorption sites having same sorption ener-
gies independent of surface coverage and no interaction
between adsorbed molecules. The Freundlich sorption iso-
therm gives an expression encompassing the surface het-
erogeneity and the exponential distribution of active sites
and their energies. Langmuir and Freundlich isotherms are
represented by the following equations [23,24]:

N ©
qe qmaxKL qmax
1
Lng, = LnK, + (—) LnC, (7)
n

where C, is the equilibrium concentration of dye (mg-L™*),
g, is the amount of dye adsorbed on the bentonite (mg/g),
k, is the Langmuir adsorption constant (L/mg), g, is the

maximum amount of dye that can be adsorbed by the sodic

[
?\ ®w o

t/qt (min.g/mg)
b

0 10 20 30 40 50 60
Time (min)
Pseudo-second order Kinetic plots

Fig. 4. Kinetic plots for the adsorption of dye onto Na-Bt. 1: bemacide-Yellow, 2: bemacide-Red, 3: bemacide-Blue.

Table 2
Calculations of the global rate constants

Pseudo-first order

Pseudo-second order

Bemacide dye k, (min™) R? k, (g/mg-min) 10° R?

Yellow 0.074 0.98 0.0004 0.94
Red 0.037 0.99 0.006 093
Blue 0.038 0.99 0.005 0.96




240

bentonite, k, is the Freundlich adsorption constant, and n
is a constant that indicates the capacity and intensity of the
adsorption, respectively.

The experimental data were modeled according to
Langumir and Freundlich isotherms, and the evaluated
constants are given in Table 3. It was clear that Freundlich
isotherm described better with a higher correlation coef-
ficient (R?> 0.98) in comparison with that of Langmuir
(R% < 0.78), this results confirm the existence of interactions
between adsorbed molecules.

3.3. Adsorption on organo-Bt
3.3.1. Adsorption isotherms

In the presence of organo-Bt, pH decreased during the
first 10 min (Fig. 6). A possible explanation should consist in
proton release upon substitution by bisimidazolium ions on
the terminal [Bt-OH,]* groups.

The amounts of dye adsorbed increased with increas-
ing dye concentration up to saturation (Fig. 7). All orga-
no-Bts adsorbents showed improved capacities for dye
retention. Here, the types of bisimidazolium ions and dye
to be retained played key roles, inasmuch as maximum dye
amounts of 168.1 (for bemacide-yellow), 154.4 (for bemac-
ide-red) and 125.3 mg (for bemacide-blue) were adsorbed
per gram of p.BuBIM-Bt, while the lowest were obtained
when using m.BuBIM-Bt and o.BuBIM-Bt. Compared to
Na-Bt (the maximum dye retention level did not exceed
26.7 mg/g), the use of organo-Bt for dye adsorption is more
favourable. This improvement was attributed to increases
in the hydrophobicity and organophilic character, increases

B. Makhoukhi / Desalination and Water Treatment 113 (2018) 235-243

in interlayer spacing due to intercalation and creating of
new adsorption sites. Here, hydrophobic interactions of the
organic dye should be involved with both bisimidazolium
cations and the remaining non-covered portion of siloxane
surface [22].

The adsorption capacity obtained on p.MBIM-Bt (d,,, =
24.5 A) is better than that obtained on m.MBIM-Bt (d = 20.5
A), the latter is better than capacity obtained on 0o.MBIM-
Bt (d = 19.6 A). It’s clear that adsorption capacity increases
proportionally with interlayer distance of bentonite. The
increase in the interlayer spacing of organo-Bt allows eas-
ier passage and diffusion of dye molecules in the bentonite
galleries [12].

3.2.2. Dye adsorption modeling

A first approach to describe the adsorption process
was achieved with Langmuir’s model, by plotting (C /g,
(Fig. 8).

Satisfactory linearity was obtained, and the R? values
reached 0.98 for the adsorption of bemacide-yellow on
o,m and p.BuBIM-Bt (Table 4). The values between 118.24
to 168.1 mg/g for the amount of an adsorbed dye mono-
layer (g, ) were in agreement with the respective maximum
amounts of dye adsorbed (Q, ) on these organo-Bts, namely
118.24 (0.BuBIM-Bt), 141.18 (m.BuBIM-Bt) and 168.1 mg/g
(p.BuBIM-Bt). Adsorption of bemacide-blue and bemac-
ide-red did not correlate with Langmuir’s model.

The Freundlich model turned out to be more adequate,
inasmuch as the R? values were highly significant, being
closer to unity than those obtained in Langmuir’s approach
(Table 5).
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Fig. 5. Isotherms plots for the adsorption of dyes onto Na-Bt. 1: bemacide-Yellow, 2: bemacide-Red, 3: bemacide-Blue

Table 3
Isotherm parameters for dyes adsorption onto Na-Bt

Bemacide dye Langmuir Freundlich

q, (mg/g) k, (L/mg) R n k, (L/mg) R
Yellow 26.67 0.0125 0.78 1.196 0.330 0.98
Red 14.7 0.0040 0.75 0.884 0.050 0.99
Blue 139 0.0060 0.71 0.776 0.025 0.99
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Fig. 6. pH of the dye solution in the presence of organo-Bt. 1: 0.BuBIM-Bt, 2: m.BuBIM-Bt, 3: p.BuBIM-Bt. A: bemacide-yellow,

B: bemacide-Red, C: bemacide-Blue.
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Table 4

Langmuir parameters for dyes adsorption onto organo-Bts
Adsorbent p.BuBIM-Bt m.BuBIM-Bt 0.BuBIM-Bt
Bemacide ¢, (mg/g) b(L/g) R? q,(mg/g) b(L/g) R? q,(mg/g) b(L/g) R?
Yellow 168.10 0.02 0.98 141.18 0.01 0.98 118.24 0.01 0.98
Red 154.41 0.08 0.96 126.54 0.02 0.94 108.74 0.05 0.96
Blue 125.3 0.04 094 105.53 0.04 0.96 98.44 0.06 095
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Table 5
Freundlich parameters for dyes adsorption onto organo-Bts
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Adsorbent p.BuBIM-Bt m.BuBIM-Bt 0.BuBIM-Bt
Bemacide n K R? n K R? n K R?
Yellow 0.93 1.45 0.99 0.87 143 0.99 0.83 1.10 0.99
Red 0.87 1.23 0.98 0.82 117 098 0.79 1.02 098
Blue 0.68 1.02 0.98 0.65 097 0.98 0.65 0.88 0.98
51 5 51
1 1
A 3 B 2 \
4 4 3
g’ 34 g’ 3 % 3
= £ =
24 2 24
1+ 14 14
0 1 2 3 4 5 6 0 i 2 5 :1 5 '6 0 1 2 3 4 5 6 7
In(Ce) In(Ce) In (Ce)

Fig. 9. Freundlich plots for the adsorption of dye onto organo-Bts. A: p.BuBIM-Bt, B: m.BuBIM-Bt, C: o0.BuBIM-Bt ;

1: bemacide-Yellow, 2: bemacide-Red, 3: bemacide-Blue.

Better linearity was observed for all isotherms in the
whole range of concentration investigated, when plotting
Ln(q) as a function of Ln(C) (Fig. 9). This was presumably
due to heterogeneity of the organo-Bts surface and to dyes—
adsorbent interactions. The latter may strongly depend on
the chemical structure of the dye molecules.

4. Conclusion

The research was carried out in this paper clearly sug-
gests that bisimidazolium organo-Bt acts a well adsorbent
for the removal of Bemacide dyes from aqueous solutions.

Batch studies applied to bemacide dyes revealed a sig-
nificant increase of the maximum adsorption capacity from
21-28 on Na-Bt to 125-168 mg-g™* on organo-Bt. Physical
adsorption may take place on Na-Bt, but stronger dye-adsor-
bent interactions and anion exchange on positively charged
edge sites must also be involved in Bemacide-dye retention
on organo-Bt. The highest adsorption capacity was noticed
for bemacide-yellow dye on the p.BuMBI-Bt, presumably
due higher interlayer space and better diffusion. The pseudo
first-order rate equation was able to provide the best descrip-
tion of adsorption kinetics data for all three dyestuffs. The
straight lines obtained for the Langmuir and Freundlich
models obey to fit well with the experimental equilibrium
data but the Freundlich model gives slightly better fitting
than Langmuir model. The results show that bisimidazolium
organo-bentonite could be employed as low-cost material for
the removal of bemacide dyes from effluents.
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