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a b s t r a c t

An inorganic-organic hybrid bentonite-based adsorbent, hydroxy-aluminium and cetyltrimethyl 
ammonium bromide combined modified bentonite composite (CTAB-Al-Bent), was synthesized and 
characterized. The adsorption properties and possible mechanism of CTAB-Al-Bent toward anionic 
dye, Orange II, were investigated. The influences of various experimental parameters, such as con-
tact time, temperature, initial concentration of dye, initial pH and adsorbent dosages on Orange II 
removal were studied. At the optimal condition: 30 min, 303 K, 50 mg L–1 Orange II at pH 3.08, 0.02 
g/50 mL CTAB-Al-Bent, 88.84% Orange II removal was obtained. Langmuir isotherm and the pseu-
do-second-order kinetics provided the best correlation with the experimental data. Intra-particle 
diffusion model showed that adsorption process affected by external mass transfer and diffusion. 
The excellent adsorption efficiency and reusable performance suggested that CTAB-Al-Bent can act 
as an excellent adsorbent material for anionic dye wastewater treatment.
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1. Introduction

With the rapid development of industry, the discharge 
of industrial wastewater increased year by year and envi-
ronment pollution problem caught more and more atten-
tion. As one of the industrial pollutants, most of printing 
and dyeing wastewater contained aromatic and azo com-
pounds [1], with highly toxic and hard-degradable. Dyes 
are the main components in printing and dyeing effluent, 
affecting the aquatic life and the growth of microorganisms. 
Therefore, it is necessary to find appropriate treatment 
strategies for efficient removal of dyes from wastewater 
system before discharge.

Currently, there are many methods for the removal of 
dyes from aqueous solutions, such as adsorption, chemical 
oxidation, membrane processes and biological degradation 
[2–5]. Among them, adsorption is the most popular method 

due to its easy-operation, low cost, recyclable and high-
efficiency in dealing with various pollutants [6]. 

Nowadays, many non-conventional low-cost adsor-
bents were employed, such as bamboo fibers [7], zeolite 
[8], and activated carbon [9]. Recently, due to their abun-
dance, low price, and high specific surface area, bentonite 
has been used to remove various pollutants: organic pol-
lutants [10,11], metal ions [12,13], and dyes [14,15]. How-
ever, its adsorption capacity toward anionic dye is very 
low due to its negative charged and hydrophilic surfaces 
[16]. Several routes have been employed to modify clays 
and clay minerals [17], such as ion exchange reactions with 
inorganic cations and organic cations, pillaring by differ-
ent types of poly(hydroxo metal) cations, dehydroxylation 
and calcination, reaction with acids, grafting of organic 
compounds, and binding of inorganic and organic anions 
at the edges etc. Among them, hydroxy-aluminium cat-
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ions pillared interlayered clays [18] and alkylammonium 
ions exchange organo-montmorillonites are well-known 
[19–25] and have been identified as innovative and prom-
ising classes of adsorbent materials. However, extensive 
studies mainly focused on increasing the removal effi-
ciency towards pollutants by different modifying ways. 
More detailed investigations on adsorption mechanisms 
of CTAB-Al-Bent towards dyes need to be explored. 

Based on our previous work [26], CTAB-Al-Bent was 
synthesized and the batch adsorption experiments were 
carried out to investigate its adsorption property towards 
anionic dye Orange II (4-(2-hydroxy-1-naphthylazo) ben-
zenesulfonic acid sodium), which is extensively used in tex-
tiles, paper, foodstuffs, hair and leather colouring [27]. The 
influence factors, contact time, temperature, initial concen-
tration, pH and adsorbent dosages, on Orange II adsorption 
were systematically studied. Meanwhile, kinetics, adsorp-
tion isotherms, and thermodynamics were also investigated 
to explore the adsorption mechanism of Orange II onto the 
modified bentonite. 

2. Materials and methods

2.1. Materials

Aluminium chloride (AlCl3, A.R.), sodium hydrox-
ide (NaOH, A.R.), cetyltrimethyl ammonium bromide 
(C19H42BrN, CTAB, A.R.), 4-(2-hydroxy-1-naphthylazo) ben-
zene-sulfonic acid sodium (C16H11N2O4SNa·5H2O, Orange 
II, A.R.), ethyl alcohol (CH3CH2OH, A.R.) were obtained 
from Sinopharm Chemical Reagent Co., Ltd., and used 
without further purification. The raw bentonite was sup-
plied by xinyang, Henan province. Triply distilled water 
was used in all experiments.

2.2. Preparation of various bentonite adsorbents

Before modification, the raw bentonite was purified: 
100 g raw bentonite was added into 1000 mL distilled water 
with stirring at 800 rpm for 0.5 h at room temperature and 
then standing 20 min. The upper solution and lower resid-
ual were abandoned, and the obtained sample was dried 
in the oven at 333 K and grinded to powder, coded as pure 
bentonite (P-Bent).

Al-Bent and CTAB-Al-Bent were prepared according to 
the references reported [23,24,28]. Typically, to prepare the 
pristine hydroxy-aluminum solutions, 0.48 mol L–1 NaOH 
solution was slowly added into 0.2 mol L–1 AlCl3 solution 
under vigorous stirring at 353 K, until the OH−/Al3+ molar 
ratio reached 2.4, then stored at this temperature for 24 h. 
Then P-Bent was introduced with 10 mmol Al/g bentonite 
and the slurry was stirred at 333 K for 24 h. The obtained 
products were washed several times with distilled water, 
dried at 333 K, activated for 1 h at 413 K, grinded to powder 
and kept in a desiccator for further use, coded as Al-Bent.

CTAB-Bent and CTAB-Al-Bent were prepared with the 
amount of CTAB equivalent to 100% of cation exchange 
capacity (CEC) of Bent or Al-Bent and vigorous stirring for 
2 h at 343 K. The products were collected by centrifugation 
and dried at 333 K, grinded to powder and kept in a desic-
cator for further use. 

2.3. Adsorbent characterization techniques

The X-ray diffraction (XRD) patterns of the samples were 
measured with Rigaku Corporation XRD/Max2550VB+/
PC and recorded in the range of 2–80° with a scanning rate 
of 0.02° s–1 and desktop scanning electron microscope (SEM, 
TM3030, Hitachi Limited) was used to study their surface 
morphology. The elemental compositions were determined 
by means of energy dispersive spectroscopy (EDX, high 
vacuum, Quanta 200, FEI Corporation).

The Fourier transformed infrared spectroscopy (FTIR, 
Tensor27, BRUKER, Germany) were performed in the range 
of 4000–400 cm–1 with KBr pellets.

2.4. Adsorption behavior

A certain amount of adsorbent was added into 25 mL 
Orange II solution at definite concentration with stirring for 
a certain time at certain temperature. After adsorption the 
adsorbent was separated by centrifuge at 8000 rpm for 10 
min, and the supernatant was filtered through a 0.45 um 
membrane filter. The residual concentration of Orange II 
was determined at maximum absorbance wavelength (485 
nm) with UV-vis spectroscopy (UVT6, Beijing Purkinje 
General Instrument Co. Ltd, China).

The removal (%) and adsorption amount (qt) can be cal-
culated according to Eqs. (1) and (2):

Removal
C C

C
t(%) %=

−
×0

0

100 � (1) 

q
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Wt
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where C0 and Ct are the respective Orange II concentration 
(mg L–1) in solution at initial time, and at time t. qt is the 
amount (mg g–1) of Orange II adsorbed onto the adsorbent 
at time t. V is the volume of Orange II solution (mL) and W 
is the dry weight of the adsorbent (mg).

2.5. Desorption and recycle of CTAB-Al-Bent

0.02 g CTAB-Al-Bent was immersed into 50 mL Orange 
II aqueous solution (50 mg L–1). When the adsorption 
equilibrium was reached, CTAB-Al-Bent was separated 
by centrifuge and then put into 50 mL of CH3CH2OH as 
desorption solution. The Orange II concentration was 
also analyzed and the desorption ratio (D%) calculated 
as Eq. (3):
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where C0 and Ce are concentration (mg L–1) of Orange II 
in solution at initial time and equilibrium time, respec-
tively. Cd is the concentration of Orange II in the desorp-
tion solution (mg L–1). Vi and Vd are the volume of the 
adsorption solution and the desorption solution (mL), 
respectively. After desorption, the recovered adsorbent 
was separated by centrifuge, washed several times by 
distilled water and then immersed into the dye solution 
again for reuse.
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3. Results and discussion

3.1. Adsorbent characterization

3.1.1. X-ray diffraction (XRD)

The XRD patterns of various bentonites are shown in 
Fig. 1a. For P-Bent, the main compensating cations were 
calcium and magnesium, which was in agreement with 
the observed d001 distance of 13.35 Å. After pillaring by 
hydroxy-aluminum cations, d001 value increased to 15.33 Å 
(Al-Bent). The interlayer spacing distance of Al-Bent (0.57 
nm) was lower than the size (~0.9 nm) of hydroxyl-alumi-
num polycations ([AlO4Al12(OH)24(OH2)12]

7+) [21,29], indi-
cating only hydroxy-aluminum cations entered into the 
interlayer. When ion exchanged bentonite with CTAB cat-
ion (CTAB-Bent), d001 value increased to 17.34 Å. For CTAB-
Al-Bent, d001 value of 17.66 Å was obtained, a little larger 
than that of CTAB-Bent. This implies that the basal space 
of the resultant composites depend on the surfactant and 
hydroxy-aluminum cations. From the EDX elemental anal-
ysis results (Table 1), the Al/Si ratio of CTAB-Al-Bent (0.29) 
was lower than that of Al-Bent (0.47), indicating that there is 

an ion exchange between the intercalated surfactant cations 
and the hydroxy-aluminum cations [30].

3.1.2. FTIR spectra

FTIR spectroscopy is a sensitive technique to probe the 
interaction type, configuration and local environment of the 
surfactant cations in the interlamellar region of clay [31]. 
The comparative FTIR spectra of P-Bent, Al-Bent, CTAB-
Bent and CTAB-Al-Bent are shown in Fig. 1b. The band at 
3640 cm–1 assigned to stretching vibrations of structural OH 
groups [32], whereas the bands at 3460 and 1640 cm–1 can be 
assigned to the O-H deformation of water [33–35]. The Si-O 
stretching (longitudinal and transverse  mode) vibrations 
were observed at 1088 and 1036 cm–1, respectively [31]. In 
the spectra of P-Bent, the band at 915 cm–1 can be assigned 
to the deformation of Al-Al-OH in the octahedral layers 
[35,36]. Coupled Al-O/Si-O appeared at 844 cm–1, 794 cm–1, 
625 cm–1 and Al-O-Si deformations appeared at 520 cm–1, 
465 cm–1 [31], indicating the existence of the essential struc-
ture of bentonite [31,32].

In FTIR spectra of Al-Bent, a considerable increase in the 
intensities of the bands at 3460 and 1640 cm–1 of sorbed water 
molecules, due to the introduction of hydroxy-aluminum 
cations increasing large amounts of water and hydroxyl. 
However, a considerable decrease in the intensities of these 
two bands when CTA+ cations were introduced [31,37]. As a 
result, the amount of water in the interlayer region reduced 
and the surface properties of bentonite changed from nat-
ural hydrophilic to organophilic character, which was con-
sistent with the reference reported [31]. It can also be found 
that the new peaks at 2922 and 2852 cm–1 corresponded to 
the C-H asymmetric and symmetric stretching vibrations 
of cetyl chain, respectively [38]. In addition, the banding 
vibration of –CH3 was observed at 1474 cm−1 in organic 
intercalator [25].

3.2. Factors affecting the removal efficiency of Orange II

3.2.1. Effect of various bentonite adsorbents

The type of adsorbents affects the removal of Orange II. 
From Fig. 2, only 8.60% Orange II was removed by P-Bent, 
12.56% and 56.61% removal were obtained for Al-Bent 
and CTAB-Bent, respectively. While 78.18% removal was 
observed for CTAB-Al-Bent, moreover, CTAB-Al-Bent can 
be separated from the solution more easily, indicating the 
introduction of organic cation changed the clay from hydro-
philic to hydrophobic form [39]. So, CTAB-Al-Bent was 
selected in the further study.

Fig. 1. XRD patterns (a) and FTIR spectra (b) of P-Bent, Al -Bent, 
CTAB- Bent and CTAB-Al-Bent.

Table 1
EDX results of CTAB and Al modified bentonite

Samples Al 
(wt.%)

Si 
(wt.%)

Ca 
(wt.%)

Al/Si 
(wt.%)

P-Bent 6.62 36.42 0.18 0.18
Al-Bent 9.70 20.79 – 0.47
CTAB-Al-Bent 5.82 19.78 – 0.29
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3.2.2. Effect of contact time and temperature

The effect of contact time and temperature on Orange 
II removal by CTAB-Al-Bent was studied and the results 
are shown in Fig. 3a. The Orange II removal initially 
increased with contact time prolonging and then gradu-
ally unchanged, reaching a maximum removal of approx-
imately 82.09% at 30 min (303 K). So in the following 

experiments, 30 min was selected to ensure adsorption 
equilibrium.

The removal efficiency increased from about 78.18% to 
82.09% with the temperature increased from 298 K to 303 K. 
This can be ascribed to faster mass transfer in the solution and 
higher collision frequency between the adsorbent and the dye 
molecules. However, the removal efficiency decreased with 
temperature increased further, indicating the adsorption of 
Orange II onto CTAB-Al-Bent was exothermic in nature [40], 
which was consistent with the references [37,41]. 

3.2.3. Effect of initial Orange II concentration

Fig. 3b presents the effect of initial Orange II concentra-
tion (50, 100, 150 and 200 mg L–1) on the removal efficiency. 
The corresponding removal efficiencies after 30 min were 
78.18, 62.59, 45.86, and 33.16%, for initial concentration 
at 50, 100, 150 and 200 mg L–1, respectively. These results 
showed that changes in the Orange II initial concentration 
affected the removal process significantly. The increment in 
initial concentration of Orange II resulted in rapid initial 
removal within the first 15 min. This implied that at higher 
initial concentration the adsorption process was highly 
concentration controlled. Almost total removal of Orange 
II was achieved within 30 min for 50 mg L–1, while 200 mg 
L–1 showed lowest removal efficiency, probably indicating 
insufficient active sites for Orange II adsorption [35,42].Fig. 2. Effect of different adsorbents on Orange II removal.

 

 

Fig. 3. Effect of various operating parameters on Orange II removal. 
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3.2.4. Effect of initial pH

In order to study the effect of pH on the adsorption 
capacity of CTAB-Al-Bent, the unadjusted pH of Orange 
II (7.25), acidic (3.08) and alkaline (9.03, 11.30) were tested 
(Fig. 3c). 88.84% removal efficiency at pH 3.08 was obtained, 
then decreased with pH increasing, and only 63.96% was 
observed at pH 11.30. It may be due to that pH affected the 
surface charge of the adsorbent and the degree of ionization of 
adsorbate [43]. At lower pH, the protonization of surface –OH 
groups to –OH2

+ [43], consequently the positive sites increased, 
thereby electrostatic attraction enhanced between the positive 
charged adsorption sites and the negative charged dyes. In 
alkaline condition, on one hand, the protonation of surface  
–OH decreased and consequently the positive sites decreased; 
and on the other hand, the abundance of OH– ions competing 
with the anionic dye for the adsorption sites, resulted in the 
reduction of exchangeable dye anions on the adsorbent [43]. 
Meanwhile, the anionic dye molecular predominated, the 
ionic electrostatic repulsion between the negatively charged 
bentonite surface and the anionic adsorbate also attributed to 
the decrease of the removal efficiency of dye [11].

3.2.5. Effect of adsorbent dosages

The effect of adsorbent dosages on Orange II removal is 
shown in Fig. 3d. The removal efficiency increased with the 

increasing amount of adsorbent CTAB-Al-Bent and 78.18% 
removal was observed when the dosage was 0.02 g, then 
gradually kept stable. Further increasing the dosage would 
increase the cost, so the dosage of 0.02 g in 50 mL 50 mg L–1 
Orange II was applied in the further study.

3.3. Kinetics study

Two typical kinetic models, pseudo-first-order and 
pseudo-second-order equations are analyzed, which are 
expressed by Eqs. (4) and (5), respectively:

ln( ) lnq q q k te t e− = − 1 � (4)

t
q k q q

t
t e e

= +
1 1

2
2 � (5)

where k1 (min–1) and k2 (L–1 mg–1 min–1) are the pseu-
do-first-order and pseudo-second-order rate constants, 
respectively, qe (mg g–1) and qt (mg g–1) are the adsorption 
amounts of Orange II at equilibrium contact time and t min, 
respectively. A comparison of the results with the fitting line 
is plotted in Fig. 4 and the kinetic parameters are summa-
rized in Table 2. 

It was observed that the correlation coefficients (R2) of 
pseudo-second-order model were higher than that of pseu-
do-first-order model, and qe,2 values calculated were close to 

 

 

Fig. 4. The pseudo-first-order (a, b) and pseudo-second-order kinetics (c, d) for Orange II adsorption onto CTAB-Al-Bent. 
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qe,exp, indicating this adsorption process could be described 
better by the pseudo-second-order model. 

Activation energy (Ea) can be calculated from the Arrhe-
nius equation:

ln lnk A
E
RT

a= − � (6)

where Ea (KJ mol–1) is the apparent adsorption energy; k is 
reaction rate constant; R (8.314 J mol–1 K–1) and T (K) are ideal 
gas constant and thermodynamic temperature, respectively. 
Here the calculated Ea value was 19.38 kJ mol–1, indicating 
that the lower potential barriers of the adsorption process 
[44]. 

The intra-particle diffusion model, described by Eq. (7), 
considers the mass transfer inside the adsorbent particle as 
the prevalent step of the process [45]. 

q k t Ct id= +0 5. � (7)

where Kid (mg g–1 min–0.5) is the intra-particle diffusion rate 
constant and C (mg g–1) represents the boundary layer 
thickness. If C = 0, diffusion is limited in the process of 
adsorption rate; C > 0, external mass transfer and diffusion 
are within the limit rate of adsorption process [46]. The plot-
ting of q versus t0.5 for the intra-particle stage provided the 
values of both parameters (Fig. 5). It can be found that the 
fitting curve was piecewise, without forming a good linear 
straight line, indicating adsorption was not a simple inter-
nal diffusion process. C values were all positive, indicating 
adsorption process affected by external mass transfer and 
diffusion.

3.4. Adsorption isotherms

In this study, Langmuir, Freundlich and Temkin iso-
therms were used and expressed by Eqs. (8), (9) and (10), 
respectively:

C
q K q

C
q

e

e L m

e

m

= +
1 �  (8)

ln ln lnq K
n

Ce F e= +
1

�  (9)

q A B Ce e= + ln � (10)

where qe (mg g–1) and qm (mg g–1) are the equilibrium adsorp-
tion amount of adsorbate and the monolayer saturation 
adsorption amount on the adsorbent, respectively. Ce (mg L–1) 

Table 2
The kinetic parameters for Orange II adsorption onto CTAB-Al-Bent

T(K) C0 

(mg L–1)
qe, exp 
(mg g–1)

Pseudo-first-order model Pseudo-second-order model

q1e 

(mg g–1)
k1 

(min–1)
R1

2 q2e 

(mg g–1)
k2 

(L mg–1 min–1)
R2

2

298 50 59.52 40.10 0.1417 0.9920 65.15 0.0052 0.9996
100 87.21 51.55 0.1074 0.9980 95.60 0.0031 0.9994
150 104.90 67.63 0.1034 0.9931 117.10 0.0021 0.9991
200 94.64 87.08 0.1024 0.9977 122.25 0.0009 0.9992

303 50 62.50 26.73 0.1220 0.9486 65.32 0.0089 0.9989
313 50 55.87 20.74 0.1122 0.9886 57.37 0.0099 0.9995
323 50 51.37 19.67 0.0959 0.9763 52.74 0.0109 0.9995

Fig. 5. The intra-particle diffusion model for Orange II adsorp-
tion onto CTAB-Al-Bent at various concentrations (a) and tem-
peratures (b).
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is the equilibrium concentration of adsorbate. The KL and KF 
are the Langmuir and Freundlich isotherm constant, respec-
tively. And n is heterogeneity factor used to describe adsorp-
tion intensity of the adsorbent. A (L g–1) is the Temkin constant. 
B = RT/β, where β (J mol–1) is the adsorption heat constant.

The fitting lines are plotted in Fig. 6 and the isotherm 
parameters are summarized in Table 3. The correlation coef-
ficients (R2) of Langmuir isotherm were higher than that of 

Freundlich and Temkin isotherms, and the monolayer sat-
uration adsorption amount (qm) was close to the calculated 
value (qe,max), indicating that the Langmuir isotherm fitted 
the best to the experimental data, and the monolayer cover-
age nature of the adsorbate on the surface of CTAB-Al-Bent 
[47].

Table 4 shows the maximum adsorption capacity (qm,max) 
for various adsorbents towards Orange II at room tem-
perature. As can be seen, higher qm,max was obtained for 
CTAB-Al-Bent than most of the reported adsorbents, except 
activated carbon and zirconium-based chitosan microcom-
posite. However, the low cost and the simple synthesis 
procedure suggested the potential application of CTAB-Al-
Bent adsorbent in anionic dye wastewater treatment.

3.5. Thermodynamics study

The thermodynamic parameters like adsorption free 
energy change (ΔG0), entropy change (ΔS0), enthalpy change 
(ΔH0) can be calculated by Eqs. (11)–(13), respectively:

ln K
H

RT
S
Rc = − +

Δ Δ0 0 �  (11)

Fig. 6. Langmuir, Freundlich and Temkin isotherm for Orange II 
adsorption onto CTAB-Al-Bent.

Table 3
The isotherm parameters for Orange II adsorption onto CTAB-
Al-Bent

Model Parameters T (K)

298 303 313 323

Langmuir qm (mg g–1) 126.10 126.42 127.55 111.11
KL (L mg–1) 0.0932 0.1193 0.1408 0.2043
r2 0.9963 0.9912 0.9938 0.9908

Freundlich n 3.786 4.024 3.995 4.655
KF 34.248 38.255 38.698 40.630
r2 0.9630 0.9374 0.9404 0.9034

Temkin A 9.090 15.522 16.125 24.869
B 23.021 22.692 22.979 18.279
r2 0.9892 0.9131 0.9318 0.8782

Table 4
The maximum adsorption capacity (qe,max) for various adsorbents

Adsorbents qm, max 
(mg g–1)

References

CTAB-Al-Bent 126.10 
(289K)

This paper

1-butanol-TiO2

2-butanol-TiO2

19.972 
24.327

[48]

CTAB-zeolite 38.96 [49]
OTAB-palygorskites
DDAB-palygorskites

92
88

[27]

MTPB-Bent
n-HTPB-Bent

53.78
33.79

[44]

Activated carbon 404 [50]
Zr-chitosan microcomposite 926 [51]
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K
q
Cc

e

e

= � (12)

Δ Δ ΔG H T S0 0 0= − � (13)

where Kc is the equilibrium constant, R (8.314 J mol–1 K–1) 
and T (K) are ideal gas constant and thermodynamic tem-
perature, respectively.

The thermodynamic parameters are summarized in 
Table 5. The negative ΔG0 and ΔH0 indicated the adsorption 
was spontaneous and exothermic, the rise of temperature 
was not conducive to the adsorption process, which was 
consistent with the experimental results. And positive ΔS0 
showed that the adsorption was entropy increase process.

3.6. Desorption and recycle of the CTAB-Al-Bent

Fig. 7a shows Orange II desorption in ethyl alcohol. 
Over 95.74% of Orange II desorbed within 30 min, indicat-
ing the high desorption capacities of CTAB-Al-Bent. It was 
demonstrated that CTAB-Al-Bent exhibited a good revers-
ibility for the adsorption and desorption of Orange II, also 
suggesting the physical character of the interaction between 
CTAB-Al-Bent and Orange II.

The regenerated CTAB-Al-Bent adsorbent was also 
investigated by successively performing the adsorption-de-
sorption cycles (Fig. 7b). The removal efficiency of Orange 
II decreased slightly from 78.18% to 74.72% after five cycles, 
indicating the excellent reusable performance of CTAB-Al-

Bent and its potential application in anionic dye wastewater 
treatment.

3.7. Identification of the possible adsorption mechanism

The structural characteristics of the prepared adsorbents 
and their adsorption performance are shown in Table  6. 
Higher specific surface area and interlayer space (d001) for 
Al-Bent correspond to a little increase in Orange II removal, 
while significantly increase in Orange II removal and inter-
layer space (d001) were observed after CTAB modification, 
meanwhile the specific surface area decreased, indicating 
surface area was not the most important factor during the 
adsorption process. Fig. 1b shows a considerable decrease 
in the intensities at 3460 and 1640 cm–1 when CTA+ cation 
was introduced, indicating the organophilic character of 
the bentonite surface, which was benefit for the adsorp-
tion. The removal efficiency increased at acidic condition 
(Fig. 3c), indicating the electrostatic attraction involved in 
the adsorption process.

To further investigate the adsorption mechanism, spent 
CTAB-Al-Bent was also characterized by FTIR spectra 
(Fig. 8). The intensities of the bands at 3460 and 1640 cm–1 of 
sorbed water molecules decreased after adsorption, indicat-
ing that the hydroxyl surface groups maybe partly replaced 
by the adsorbate.

In addition, CTAB-Al-Bent exhibited substantially 
enhanced adsorption capacities toward Orange II, maybe 
attribute to the interaction of the organic solutes into the 
organic solvent-like hydrophobic phase created by the alkyl 

Table 5
Thermodynamic parameters for Orange II adsorption onto 
CTAB-Al-Bent

T 
(K)

Kc ΔG0 

(kJ mol–1)
ΔH0 

(kJ mol–1)
ΔS0 
(J mol–1K–1)

303 4.58 –3.83 –33.02 96.50

313 2.76 –2.65
323 2.07 –1.96

 
Fig. 7. Desorption ratio of Orange II (a) and reuse of adsorbents for Orange II (b).

Table 6
The structural characteristics of the prepared adsorbents and 
their adsorption performance

Sorbent BET surface 
area (m2 g–1)

d001 
(Å)

Removal 
(%)

P-Bent 25.46 13.35 8.60

Al-Bent 36.05 15.33 12.56

CTAB-Al-Bent 12.83 17.66 78.18

Spent CTAB-Al-Bent 14.25 18.15 74.72–78.18
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chains of the surfactant, which was typical of the van der 
Waals interactions [52]. 

Based on the above discussions, the possible adsorp-
tion mechanisms are proposed in Fig. 9. Adsorption of 
Orange II onto CTAB-Al-Bent maybe controlled by: (a) elec-
trostatic attraction between CTAB-Al-Bent and the oppo-
sitely charged adsorbate; (b) van der Waals forces between 
Orange II molecules and alkyl chains of the surfactant and 
(c) anion exchange occurred between OH– and negative 
charged Orange II.

4. Conclusion 

An eco-friendly and low-cost adsorbent CTAB-Al-Bent 
was prepared successfully and used for Orange II removal 
from water. Batch studies were performed to examine the 
adsorption capability and the regeneration of adsorbent. 
Compared with P-Bent and Al-Bent, CTAB-Al-Bent exhib-
ited higher adsorption capacity for Orange II removal. The 
removal efficiency decreased with pH increasing, indicat-

ing that the surface charge on CTAB-Al-Bent played a vital 
role in adsorption process. And the process can be described 
well by the pseudo-second-order kinetic and the Langmuir 
isotherm model. A possible adsorption mechanism based 
on electrostatic attraction, van der Waals forces and anion 
exchange was proposed. The results revealed that CTAB-
Al-Bent can be acted as a low-cost, effective, and reusable 
potential adsorbent applied in anionic dye removal from 
effluent.
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