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Abstract:
The present paper reports the preparation and characterization of tetra-nbutylammonium bromide modified local clay material (TBAB-Clay) and its
application as potential adsorbent material for Crystal Violet dye removal from
aqueous solution. Major mineral phases, identified by X-ray powder diffraction
(XRD), were illite and kaolinite, in addition to quartz and calcite as impurities.
Characterization of the material was supplemented by scanning electron microscopy
(SEM) and Fourier transform infrared (FTIR) spectroscopy. The kinetics of the
adsorption process was studied using two models: pseudo-first-order and pseudosecond-order. Experimental data were best fitted with pseudo-second-order model.
Three isotherm models namely Langmuir, Freundlich, and Dubinin-Radushkevich (DR) were used to describe the adsorption process. The inclusion of non-linear
regression analysis suggested the Langmuir model best described the adsorption
process. The Langmuir isotherm predicted the maximum monolayer adsorption
capacity of 115.54 mg g-1 while the D-R isotherm suggested a physisorption process
with a free energy value of 0.708 kJ mol-1. Based on the obtained results it can be
concluded that this modified clay material is a promising adsorbent for the removal of
Crystal Violet dye from aqueous solution.
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1. Introduction
Our environment (biomass and subsoil) includes a diversity of materials with useful
characteristics for sustainable development so as to avoid compromising the
possibilities of proper live as possible for future generations. The clay materials
belong to these natural resources. Furthermore, water is very important and essential
liquid for human and industrial activities. Many times, surface water contains several
polluting substances, namely organic and inorganic. These substances coming from
human and industrial activities (textile, leather, paper…) expose environment to toxic
substances which disrupt all kind of land and aquatic life. Among the polluting
substances, dyes are observable even at low concentrations in water [1,2]. Crystal
Violet is a cationic dye with several industrial uses. Dyes are harmful for human
health: once ingested, they can cause cancer, disrupt immune system and
chromosomal chain and also induce respiratory disorders [3]. On the other hand, dyes
present in waste water can adversely affect aquatic flora and fauna by reducing light
solar radiation diffusion and photosynthesis, being hazardous and toxic to aquatic
life [2,4–6]. The diversity and distinctness of hydric pollutants make the mechanism
of their removal very complex. The elaboration and characterization of materials with
various properties constitute required steps in the process of contaminated water
treatment. As reported in many reviews, conventional methods for treating dye waste
water, e.g. coagulation/flocculation, chemical oxidation, activated sludge process, are
difficult, ineffective or present economic disadvantages [4]. Adsorption is a simple
method used for dyes elimination from aqueous solutions [7,8]. The efficiency of the
adsorption process depends on the used adsorbents and their capacities and cost.
Several porous materials have been used as adsorbents for water remediation, such as
activated carbon, zeolite, fly ash, clay minerals, biosorbents, and certain metal oxides
based composites [9-12]. Several scientific papers reported that the preparation and
use of activated carbon entail high costs [5]. From an environmental point of view, it
is also worth noting the high energy that is spent in the production of activated
carbons. Biomass by-products of and certain vertisols are used, in raw or chemically
modified form, as alternative low cost adsorbent materials for the treatment of water
loaded with dyes [5,13–15]. Among the low cost materials, clay minerals were
proposed as potential candidate because of their low cost, abundance in the nature,
high adsorption properties, and the presence of the electric charges on their
interlamellar surface for potential ion-exchange [11]. The ability of clay materials in
removal of dyes such as Cristal Violet has been proved by several scientific
works [14,16–18]. Miyah et al. have carried out the removal of Crystal Violet dye
from aqueous solutions using pyrophyllite [19]. Montmorillonite efficiency has been
proved in the simultaneous adsorption of Crystal Violet, cetyltrimethylammonium,
and 2-naphthol by Zhu et al. [20]. Other researchers reported the effect of kaolinite
activation on the adsorption of methylene blue [21], performances of treated
vermiculite on the adsorption of cationic dyes [22], and the adsorption of methylene
blue by the composite attapulgite/bentonite [23]. The importance attached to the study
of clays and their application in the area of water treatment can be justified by their
hydrophobic and organophylic property which are very important in water treatment
process. Many recent scientific works related to the wastewater purification by
adsorption on these adsorbents carry information or data on the different methods of
synthesis, characterization and application. This study is focused on the possible
usage of a local Cameroonian clay material as adsorbent and the behavior of its
modified form with tertabutylammonium bromide (TBAB) on the removal of Crystal
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Violet (CV) cationic dye from aqueous solution. The parameters as initial
concentration, adsorbent quantity, kinetic and equilibrium studies were considered.
The valorization of this clay as low cost adsorbent and natural resource for water
treatment is also expected.

2. Materials and Methods
2.1. Materials
The local clay material used in this study was extracted from vertisol soil sample
collected at Boboyo, in the far north region of Cameroon. All the chemicals used were
of analytical grade and procured from different suppliers as follows: Crystal Violet
(CV, C25H30N3Cl; MW 407.98) was purchased from PENTA-Switzerland, tetra-nbutylammonium bromide (TBAB, purity ≥ 99.0%), and AgNO3 were purchased from
SIGMA-ALDRICH Corporation. The molecular structures of CV and TBAB are
illustrated in Figure 1. A stock CV solution of 1000 g L-1 was prepared by dissolving
the required amount of dye in distilled water. The derived solutions of desired
concentrations were obtained by dilution of the stock solution.

Figure 1. Molecular structures of (a) Crystal Violet dye and (b) TBAB

2.2. Preparation of organic modified clay (TBAB-Clay)
Firstly, the clay material has been washed with hydrogen peroxide in order to
remove organic substances and other impurities, then washed with distilled water and
dried in oven at 105 °C for 24 hours. The clay fraction of the raw material has been
obtained according to the following procedure: clay dispersion was placed in a
graduated cylinder in order to allow particles > 200 μm in size to settle down and the
ﬁne fraction, whose size was < 200 μm was extracted at the time of the static
sedimentation of the particles in suspension based on Stokes equation [24]:

t = 191.5 ×

x
d2

(1)

where: t is the necessary time (min), for a particle of diameter d (μm), to reach a
depth of x (centimeter). The solid sample was then dried at 105 °C for 24 h and sieved
in order to collect particles sizes smaller than 200 μm. The wet method described by
Santos and Boaventura 2016, using the methylene blue adsorption was used in this
work to assess the cation exchange capacity (CEC) of the Clay material [5]. This
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parameter value was found to be 0.25 mmol g-1. The purified clay (P-Clay) obtained
as described above was converted into organoclay form by treatment with TBAB. For
the synthesis, the amount of TBA+ ions corresponding to 100% of the cation
exchange capacity of the purified Clay was added to a 1% slurry. The suspension was
stirred at 400 rpm for 4 h at room temperature, ﬁltered, washed several times with
distilled water and then dried at 60°C for 24 h. The product obtained was powdered
and sieved to get a particle size of 200 μm. This product was referred to as TBABClay.
2.3. Characterization of Adsorbent Materials
IR spectra of the sample was obtained using a FT/IR-4100 Spectrophotometer
(JASCO Benelux BV) in KBr pellets. Scanning electron microscopy (SEM) images
were obtained with TESCAN, VEGA II model equipment for Clay material. A semiquantitative X-ray powder diffraction method was used to determine mineral
composition. X-ray diffraction analyses on powders were performed using a
Siemens Bruker D8 Advance unit with Co-Kα anticathode (λ = 1.7903 Å). The
diffractograms were recorded from 5° to 64° degrees with analytic conditions of 40
mA, 20 kV, 0.02° steps. d-spacing, dhkl, corresponding to different diffraction pics
have been calculated using Bragg’s equation and JCPDS (Joint Committee on Powder
Diffraction Standards) files were utilized in order to identify the crystalline
compounds.
2.4. Adsorption Experiments
2.4.1. Analytical Methods
CV dye concentrations in aqueous solution were analyzed using a T70+ UV-VIS
spectrophotometer with wavelength range of 190-1100 nm from PG Instruments Ltd,
at the wavelengths of maximum absorbance, λmax = 591 nm. Calibration straight lines
(R2 = 0.9995) were obtained in 2.0-10.0 mg L-1 range. Before analyses, all aqueous
samples were centrifuged for 5 min at 5000 rpm (EBA 21 centrifuge).
2.4.2. Equilibrium Adsorption Studies
Batch experiments were carried out by mixing 0.1 g of adsorbent with 50.0 mL of
known concentration of CV solution. The mixtures were maintained under magnetic
stirring at 500 rpm for 6 h at 38°C, to ensure that the equilibrium was reached. Effect
of adsorbent quantity, in 0.10-2.00 g range using 50.0 mL of 200 mg L-1 dye solution
was studied. Effect of contact time was studied on three initial dye concentrations of
200, 225, and 250 mg L-1 using sampling at predetermined time intervals (5 - 360
min). The effect of initial dye concentration (10 - 250 mg L-1) was also investigated at
28°C. All the experiments were conducted at the initial solution pH (7.3). Pseudofirst-order and pseudo-second-order models were used to give an insight into the
adsorption kinetic mechanisms. The Langmuir, Freundlich, and DubininRadushkevich isotherm models were used to describe the adsorption process. The
amount of dye adsorbed per gram of adsorbent, (mg g-1) and adsorption efficiency, (%)
were calculated using the following equations:
q t(e) =
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η =

(Ci −Ce )
Ci

× 100 (3)

where Ci is the initial dye concentration (mg L-1), Ce and Ct are the equilibrium and
time t dye concentrations respectively (mg L-1), V is the volume of CV solution (L),
and m is the adsorbent quantity (g).

3. Results and Discussion
3.1. Adsorbents Characterization
3.1.1. XRD Analysis
The mineralogical composition of the purified local Clay (P-Clay) sample was
determined from the X-ray diffraction pattern (Figure 2). Illite mineral has been
identified by the pics with d-spacing values of 10.05 Å, 3.51 Å and 3.20 Å, while the
pics at 7.25, 4.4 and 4.03 Å were ascribed to Kaolinite. The following mineral phases
were identiﬁed: illite, kaolinite, quartz, and calcite. It can be observed that the
intensity of the peaks attributed to crystalline minerals such as quartz decrease after
modification of the clay with TBAB. From this observation, it can be concluded that
after modification of the clay material, TBAB molecules cover the surface of the
mineral phases and reduce peaks intensity.

Figure 2. XRD patterns of P-Clay (a) and TBAB-Clay (b) (I: Illite, K: Kaolinite, Ca: Calcite, Q:
Quartz)

3.1.2. FTIR Analysis
The FTIR spectra of P-Clay and TBAB-Clay are shown in Figure 3. Various
functional groups are observed. Adsorption bands at 3697 cm-1 can be ascribed to O
H stretching vibrations which originate from Al-OH and Si-OH [25]. The envelope at
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3624 cm-1 belongs to OH stretching of H-bonded water, with a shoulder near 3445
cm-1, due to the overtone of the bending vibration of H2O observed at 1638 cm1
[25]. Absorption band at 3445 cm-1 weakens and shifts to a lower wave number
3421 cm-1 for TBAB-Clay. The peaks at 1007 and 1033 cm-1 were assigned to
characteristic bands of silicates which were mostly related to stretching vibrations of
M-O (where M = Si, Al), and agreed well within the range 1103–1036 cm-1 [26].
and 1200 - 600 cm-1 [27], while the bands at 536 and 466 cm-1were due to Al–O–Si
and Si–O–Si bending vibrations, respectively. The peak at 912 cm-1 was responsible
for Al–Al–OH group deformation [25,27,28]. The band at 2965 cm-1 (TBAB-Clay) is
attributed to the C–H stretching vibrations of the TBAB [17]. Compared with the IR
spectra of P-Clay, the absorption band of -OH bending vibration of interlayer water PClay (1638 cm-1) moved to 1631 cm-1 for TBAB-Clay. Simultaneously, the intensity
of this absorption band decreases, which indicated the water content reduced with the
replacement of the hydrated cations by TBA+. This observation showed that the
surface properties of P-Clay had been changed from hydrophilic to hydrophobic by
modifying it with TBAB [16].

Figure 3. FTIR spectra of P-Clay and TBAB-Clay samples

3.1.2. Scanning Electron Microscopy
Typical SEM micrographs of P-Clay and TBAB-Clay are shown in Figure 4. It can
be seen that the P-Clay shows small particles (Figure 4a), but after modiﬁcation with
TBAB, its form changed slightly and led to a large particles and coarse porous surface.
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Figure 4. SEM images of P-Clay (a) and TBAB-Clay (b)

3.2. Crystal Violet Adsorption
3.2.1. Effect of Adsorbent Quantity
P- and TBAB-Clay quantity influence over the CV removal is presented in Figure 5.
It can be seen that as the adsorbent quantity increases, adsorption capacity
decreases. The obtained results show that modified clay (TBAB-Clay) is a better
adsorbent than P-Clay. The optimum adsorbent quantity was found to be 100 mg for
both adsorbents P-Clay and TBAB-Clay, with qe values of 75.62 mg g-1 and 85.49 mg
g-1 and percentage removal values of 95.56% and 98.44%, respectively. Adsorbent
quantities higher than 100 mg displayed a gradual decrease in qe, while there was a
small increase in percentage removal when higher mass was used. The decrease
in qe at higher dosage is due to a decrease in the number of occupied sites per unit
mass [6,29]. In terms of removal efficiencies an increase was observed (Figure 5b) if
a higher quantity of adsorbent is added due to the fact that for the same initial
concentration a higher surface (increased number of adsorption sites) will be available
for adsorption [29].

Figure 5. The effect of P-Clay and TBAB-Clay quantity on CV adsorption over the (a)
adsorption capacity and (b) removal efficiency; Conditions: 50.0 mL, 200 mg L-1, 7.3 pH, 28°C,
500 rpm

3.4. Effect of Contact Time and Kinetics Studies
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The evaluation of the effect of contact time is essential because it provides
fundamental information on how fast the adsorption process reaches equilibrium.
From the results presented in Figure 6, it was observed the fast dye adsorption at
initial stage, which became gradually slower as equilibrium was approached. The time
required to reach equilibrium was found to be 240 min. Numerous and vacant active
surface sites of adsorbent were available in the early stages of the adsorption, while as
the contact time increased, the number of vacant sites decreased, thereby slowing
down the adsorption process. Similarly, the increase of the initial dye concentration
led to higher loading rates of the adsorbate molecule, which was attributed to the
enhanced driving force of the concentration gradient to the vacant sites of
adsorbent [29].
Adsorption is a complex process whereby it is influenced by several parameters
related to adsorbent and to the physicochemical conditions under which the process is
carried out [6]. In order to investigate the adsorption mechanism, the linear form of
the pseudo-ﬁrst-order [30] and the pseudo-second-order [31] kinetic rate equations
were used, equations (3) and (4), respectively:
t

log(q e − q t ) = log(q e ) − 2.303 k1 (4)
t

qt

=k

1

2
2 qe

t

+q

e

(5)

Where qt and qe represent the amount of dye adsorbed at equilibrium (mg g-1) and at
time t (min), and k1 (min-1) and k2 (g mg-1min-1) are the pseudo-ﬁrst-order and pseudosecond-order rate constants, respectively. The rate constants k1, k2, and the
calculated qe (cal) obtained from equations. (4) and (5) along with the
experimental qe (exp) (Figure 6) and coefﬁcients of determination R2, are presented in
Tables 1 and 2.

Figure 6. Effect of contact time and initial concentration of CV adsorption on P-Clay (a) and
on TBAB-Clay (b). Conditions: CV concentration ( ) 200, ( ) 225 and ( ) 225 mg L-1, 50.0 mL, 0.10
g, 7.3 pH, 28°C, 500 rpm
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Figure 7. Pseudo-second-order kinetic modelling of CV adsorption on P-Clay (a) and TBABClay (b). Conditions: CV concentration ( ) 200, ( ) 225 and ( ) ( ) 200, 225 mg L-1, 50.0 mL, 0.10
g, 7.3 pH, 28°C, 500 rpm
Table 1. Kinetic constants of the pseudo-first- and pseudo-second-order models for CV
adsorption on P-Clay.
CV dye
Conc.

Pseudo-first-order model

qe(exp)

k1

qe(cal)

Pseudo-second-order model
k2

qe(cal)

R2
-1

-1

(mg L )
200
225
250

-1

(mg g )
75.4
86.5
98.95

-1

(min )
0.045
0.043
0.043

(mg g )
54.11
79.52
70.60

R2
-1

0.841
0.943
0.770

-1

(g mg min )
0.0007
0.0005
0.0008

-1

(mg g )
79.36
90.91
101.01

0.997
0.996
0.998

Table 2. Kinetic constants of the pseudo-first- and pseudo-second-order models for CV adsorption
on TBAB-Clay
CV dye

Pseudo-first-order model

qe(exp)

k1

qe(cal)

qe(cal)

k2
R2

Conc.
-1

(mg L-1)
200
225
250

Pseudo-second-order model

-1

-1

(mg g )

(min )

(mg g )

83.26
89.65
108.27

0.041
0.041
0.041

37.77
64.81
131.55

R2
-1

0.966
0.847
0.812

-1

-1

(g mg min )

(mg g )

0.0010
0.0009
0.0005

84.74
90.91
112.36

0.999
0.998
0.998

Based on the obtained R2 values (Tables 1 and 2) and the fact that qe(exp) are in
better agreement with the qe(cal) values when pseudo-second-order model was used
to model the adsorption system, it can be concluded that the adsorption of CV by PClay and TBAB-Clay it is better described by this model. This behavior was
explained by considering that adsorbate molecules may occupy two adsorption sites
on the solid surface instead of only one [15,25,32,33].
3.5. Adsorption Isotherm
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Adsorptions isotherms are important for the description of how molecules of
adsorbate interact with the adsorbent surface [34]. Three isotherm models
Langmuir, [35], Freundlich, [36], and Dubinin-Radushkevich [37,38] were used to
describe the adsorption process of CV onto both Clay adsorbents. Table 3 shows the
non-linear and linear equations of each isotherm model.
Table 3. Non-linear and linearized isotherm model equations
Isotherm model

Non-linear equation

Langmuir

qe =

Freundlich

qe = K F .C e1 / nF

DubininRadushkevich

qe = q D .e k ad .ε

q max .K L .C e
1 + K L .C e

2

Linearized equation

Plot

Eqs.

C
Ce
1
=
+ e
qe K L .q max q max
1
ln q e =
ln C e + ln K F
nF

Ce
vs.C e
qe

(6)

ln q e vs. ln C e

(7)

ln q e vs.ε 2

(8)

ln q e = ln q D − k ad .ε 2

where qmax is the maximum monolayer adsorption capacity of the adsorbent (mg g), KL is the Langmuir adsorption constant (L mg-1) which is related to the free energy
of adsorption, and Ce (mg L-1) is the equilibrium dye concentration. KF [mg g-1(L mg1 1/n
) ] is Freundlich constant an indicator of the adsorption capacity of the adsorbent
while nF indicates favorability of the adsorption process (adsorption intensity) or
surface heterogeneity where nF value between 1 and 10 represents favorable
adsorption. qD is the theoretical isotherm saturation capacity (mg g-1), BD (mol2 J-2)
and ε are D–R isotherm constants. ε can be determined using equation (9).
1
ε = RTln �1 + c � (9)
1

e

The mean free energy of adsorption (E, kJ mol-1) can be calculated by using
equation (10).
𝐸=

1

�2𝐵𝐷

(10)

Langmuir adsorption isotherm describes quantitatively the formation of a
monolayer adsorbate on the outer surface of the adsorbent, and after that no further
adsorption takes place. Thereby, the Langmuir represents the equilibrium distribution
of adsorbate (dye molecules) between the solid and liquid phases [39,40]. The model
assumes uniform energies of adsorption onto the surface and no transmigration of
adsorbate in the plane of the surface. The essential features of the Langmuir isotherm
may be expressed in terms of equilibrium parameter RL, which is a dimensionless
constant referred to as separation factor or equilibrium parameter [40].
1

R L = (1+K

L C0 )

(11)

where C0 is the highest initial dye concentration. RL value indicates the adsorption
nature to be either unfavorable (RL > 1), linear (RL = 1), favorable (0 < RL < 1), and
irreversible (RL = 0) [6].
The Freundlich isotherm model takes account of multilayer coverage where
adsorption is still possible on the adsorbate saturated adsorbent’s surface. It is
applicable for adsorption on heterogeneous surfaces with uniform energy distribution
and reversible adsorption [39].

Submitted to Advancements in Materials, page 10-16

www.itspoa.com/journal/am

VOLUME 2, 2018

Dubinin–Radushkevich isotherm is usually employed to explain the mechanism of
adsorption with respect to Gaussian energy distribution onto a heterogeneous surface
and determine the nature of adsorption as physical or chemical based on the free mean
sorption energy [41,42]. It was reported that chemical adsorption predominates if free
mean energy value (E) was in the range of 8-16 kJ mol-1 whereas E value lower than 8
kJ mol-1 follows the physisorption process [41].
Table 4. Adsorption isotherm parameters for CV adsorption on P-Clay and TBAB-Clay.
Conditions: Concentration range: [10-250] mg L-1, m = 0,10 mg, t = 180 min, V = 0,05L, T =
28°C
Langmuir
Adsor
bents
TBAB
-Clay
P-Clay

qm (mg
g-1)

KL
(L
mg-1)

R2

115.54
103.21

1.117
0.303

0.966
0.960

Freundlich
KF [mg
g1 (L
nF
mg1 1/n
) ]
44.083
29.656

3.57
3.12

Dubinin-Radushkevich
R2

qD (mg
g-1)

BD (mol2
kJ-2)

E (kJ
mol-1)

R2

0.897
0.835

100.80
94.00

1.000 10-6
1.160 10-6

0.708
0.762

0.887
0.705

Isotherms model parameters are obtained by determining the slope and intercept or
their linear plots as shown in Table 3. In order to choose the isotherm model that
best describes the experimental data; three comparisons were made based on the R2,
and the non-linear regression plot. Table 4 shows the isotherm parameters while
Figure 8 shows the non-linear regression plots of the three isotherm models and
experimental data.

Figure 8. Non-linear isotherm modelling of CV adsorption on P-Clay and TBAB-Clay

Comparing the R2 values, the Langmuir isotherm model has the highest value
followed by the Freundlich, and Dubinin-Radushkevich for both adsorbents (P-Clay
and TBAB-Clay), which indicates that Langmuir model was the best fit to the
experimental data. When comparing the non-linear plot and experimental data in
Figure 7, the Langmuir is again the closest to the experimental data. From these
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comparisons, it can be concluded that the Langmuir model is the best fit to the
experimental data. The values of nF and RL, indicate that the adsorption of CV on Pand TBAB-Clay is a favorable process. Low free energy value of 0.762 and 0.708 kJ
mol-1 obtained in this study indicates that CV adsorption by P- and TBAB-Clay takes
place as physisorption [39,43]. qm values corresponding to Langmuir monolayer
capacity are close (103.21 And 115.54 mg g-1 for P- and TBAB-Clay, respectively).
3.6. Comparison of Monolayer Adsorption of CV onto Various Adsorbents
The performance and the quality of an adsorbent material are appreciated based on
qmax value. An adsorbent is of the best quality when it present a higher adsorption
capacity at a low cost. A comparison of the adsorption capacities CV onto various
adsorbents is shown in Table 5. The adsorption capacity of TBAB- clay is comparable
with those of other adsorbents. The value obtained in this study (115.54 mg g-1) shows
that TBAB-Clay has a good afﬁnity for CV dye molecules (Table 5).
Table 5. Comparison of the adsorption capacities of basic dyes from the literature on various
adsorbents.
Adsorbent
CoFe2O4 nanoparticles
Palygorskite
Tomato Plant Root
SDS coated MNPs
Magnesium oxide coated bentonite
HDTMA Bentonite
Nanoporous hypercrosslinked polyaniline
Modified Ball Clay
Sepiolite
p-MBIM-Bentonite
HDTMA-Clay
Walnut shell
Attapulgit/Bentonite
TBAB-Clay

qmax (mg g-1)
105,04
158,76
94,34
166,7
496
365,11
227
62.5
110
128.23
56.81
90.8
95.15
114.54

Ref.
[44]
[45]
[46]
[42]
[47]
[48]
[49]
[15]
[5]
[50]
[14]
[6]
[23]
This study

4. Conclusions
A local clay material and its modified form, were tested as adsorbent for Crystal
Violet dye removal from aqueous solutions. The modified form, TBAB-Clay, was
prepared by ion exchange method using tetra-n-butylammonium bromide salt and
characterized by XRD, FTIR, and SEM. Illite, Kaolinite, Quartz, and Calcite were the
mineral phases present in the clay material as revealed XRD pattern. Adsorption
experiments showed that the removal of CV by this local clay material was possible
even on the purified form and the kinetics could be described well by the pseudosecond-order model (R2 > 0.99) with an equilibrium time of 4 h. Langmuir isotherm
model best describes the adsorption process with maximum monolayer adsorption
capacity of 115.54 mg g-1 for TBAB-Clay. RL and nF values indicate that the
adsorption of CV is favorable. Free energy value of 0.708 kJ mol-1 calculated using
Dubinin-Radushkevich isotherm indicates that the adsorption of CV onto TBAB-Clay
takes place as physisorption. All these results suggested that this local clay, just
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purified or modified with TBAB is a good candidate as low-cost adsorbent for the
removal of CV from aqueous solution.
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