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a b s t r a c t
In the present study, we have demonstrated the Indonesian natural zeolite and modified zeolite was 
used to remove the acid blue 25 (AB25) from wastewater. The adsorption capacity of AB25 on zeolite 
and modified zeolite (zeolite-CTAB) were investigated by various batch adsorption experiments. The 
modification effect on the surface of zeolite was analyzed using Fourier transforms infrared spectra, 
scanning electron microscopy, energy-dispersive X-ray spectroscopy, X-ray fluorescence, and X-ray 
diffraction, respectively. The maximum removal of AB25 was obtained under acidic conditions at 
pH 2. The kinetic experimental results imply that the adsorption of AB25 onto these adsorbents well 
followed the second-order kinetic model. The maximum adsorption capacity of 64.2 mg/g was found 
in Zeolite at 30°C and 112.44 mg/g for zeolite-CTAB at 60°C. The results revealed that the adsorption 
of AB25 onto zeolite-CTAB fitted better to Langmuir model and Zeolite fitted better with Freundlich 
model. The AB25 adsorption on zeolite-CTAB increases with an increasing temperature indicates 
that the preferential adsorption may occur at a higher temperature. The positive value of ∆H° in 
zeolite-CTAB material thermodynamic parameters indicates that the process was an endothermic 
process. These results indicate that zeolite-CTAB has high adsorbent efficiency and it is promising 
adsorbents for removing the dye AB25.
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1. Introduction 

The dye containing effluents from the textile dyeing 
industries released a large amount of colored wastewater into 
the aquatic environment. These highly colored wastewaters 
contain various kinds of synthetic dyestuffs and heat or 
hot, with alkaline in nature, besides it also contains a high 
quantity of dissolved solids [1,2]. These types of dyes used 
in the industries include cationic (basic dyes), anionic (direct, 
acid, and, reactive dyes), and non ionic dyes. Acid dyes are 
the most problematic due to their bright color, acidic nature, 
water-soluble, and reactive characteristics. Nevertheless, so 
far very few research works has been focused on adsorption 
of acidic dyes [3].

Synthetic dyes are non-biodegradable and highly visi-
ble even if present in small amount in water, because they 
contains an aromatic complex structures, which lead to the 
influences aesthetic merit and decrease the light penetration 
needed for photosynthesis and thus these dyes ultimately 
disturb aquatic ecosystem [4–6]. Some of the dyes decom-
pose into carcinogenic aromatic amines under anaerobic con-
ditions and cause serious health problems to human beings 
as well as the aquatic environment and other animals. Many 
dyes and their by products break down into different prod-
ucts which are toxic for living organisms [7–9]. Conventional 
biological wastewater treatment processes are not efficient 
in treating dyes present in wastewater. Hence, the elimina-
tion of dyes from the wastewater accepted environmental 
importance [10]. 

Many approaches have been developed for decontam-
ination of water, e.g., precipitation, adsorption, filtration, 
coagulation, oxidation and membrane separation, respec-
tively. However, the adsorption is known to be one of the 
most effective techniques [11,12]. However, high cost has led 
in seeking for low-cost adsorbents. New, economical, locally 
available and highly effective adsorbents are still in the pro-
cess of development. 

Zeolites are highly porous aluminosilicates with 
different cavity structures. Their structures consist of a 
three-dimensional framework, having a negatively charged 
lattice. Zeolite possess permanent negative charges in 
their crystal structure making them suitable for surface 
modification using cationic surfactants in which each 
molecule composed of hydrophilic and positively charged 
head group. The negative charge is balanced by cations which 
are exchangeable with certain cations in solutions. The char-
acteristics and applications of zeolites have been reviewed 
[13]. High ion-exchange capacity and relatively high specific 
surface areas, and more importantly their relatively low 
prices make zeolites attractive adsorbents. 

In the present study, zeolite has been modified by cationic 
surfactant cetyltrimethylammonium bromide (CTAB) result-
ing to develop the zeolite-CTAB and to enhance the acid 
blue 25 (AB25) adsorption capacity of zeolite for acidic dye 
AB25. The influence of pH, temperature, initial dye concen-
tration, and dose effect on the adsorption are investigated. 
In addition, the equilibrium has been investigated in batch 
method. Zeolite and zeolite-CTAB were characterized using 
various characterization tools such as Fourier transform 
infrared spectroscopy (FT-IR), scanning electron microscopy 
(SEM), energy-dispersive X-ray spectroscopy (EDX), X-ray 

fluorescence (XRF) and X-ray diffraction (XRD). The adsorp-
tion capacity for the removal of AB25 was determined.

2. Materials and methods

2.1. Materials

The natural zeolite material was obtained from Indonesia, 
and extensively investigated for dye removal. It was crushed 
and ground fine powder. The CTAB (99.3%) and AB25 (45%) 
dye were purchased from Sigma-Aldrich Company, Ltd 
(Australia) and used without further purification.

2.2. Preparation of cationic surfactant modified Zeolite 
(Zeolite-CTAB)

For surfactant modification of zeolite the material was 
first ground well, and the powder was then dried in an oven 
for 12 h. Then 20 g of dried material and 2 g of CTAB was 
placed in a 500 mL Erlenmeyer flask and then mixed with 
400 mL of double distilled water. The reaction components 
were then stirred with the help of a rotary shaker for 24 h 
at 200 rpm. The obtained product was filtered and washed 
repeatedly with distilled water. Further, the washed sample 
was then dried in the oven at a temperature of 55°C for 12 h, 
the dried modified sample was grounded and stored in an 
airtight container (desiccators) for further use. The prepared 
sample has been abbreviated as zeolite-CTAB.

2.3. Characterization of materials

The types of functionalities of the materials and adsorbed 
species were determined by infrared spectroscopy. The Fourier 
transforms infrared (FT-IR) spectra of zeolite, zeolite-CTAB, 
and AB25 loaded zeolite-CTAB were recorded in the range of 
4,000–400 cm–1 using Spectrum BX FT-IR system (Model no. 
Perkin Elmer/BX HO22154) to confirm the surface modifica-
tion of zeolite. Particle morphology was observed by SEM at 
1,000 magnifications (Model: Zeiss Supra 55 VP, Germany). 
The mineral composition was analyses through the elemental 
analysis and recording of the EDX spectroscopy image of 
zeolite, zeolite-CTAB, and AB25 loaded zeolite-CTAB was 
carried out using an energy dispersive X-ray spectrometer 
attached to a SEM. The analysis of mineral or chemical 
compositions except all organic components was performed 
using XRF (Bruker S8 Tiger). The phases of the samples were 
determined by XRD (Bruker AXS Germany and model: D8 
Advance).

2.4. Point of zero charges (pHPZC)

The zero surface charge characteristics of the zeolite 
and zeolite-CTAB were determined using the solid addition 
method. Fourth mL of 0.1 M KNO3 solution was transferred 
to a series of 100 mL stopper conical flasks. The pHi values 
of the solutions were roughly adjusted between 2 and 12 
by adding either 0.1 N HCl or 0.1 N NaOH and were mea-
sured by using pH meter (HI 2211 pH/ORP meter). The total 
volume of the solution in each flask was exactly adjusted to 
25 mL by adding a KNO3 solution of the same strength. The 
pHi values of the solutions were then accurately noted.50 mg 
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of each zeolite and zeolite-CTAB was added separately to 
each flask, and the flask was securely capped immediately. 
The suspensions were then kept under shaking condition 
for 24 h. The final pH values of the supernatant liquid were 
noted. The difference between the final pH (pHf) and initial 
pH (pHi) values (ΔpH) was plotted against the pHi. The point 
of intersection of the resulting curve with abscissa, at which 
pH0, gave the pHPZC. 

2.5. Adsorption experiments

To study the effect of variables like initial concentration, 
temperature, adsorbent dosage, and pH for the removal of 
AB25, a batch experiments were carried out in a 50 mL screw 
type Erlenmeyer flask and the sample was placed in a shaker 
with a constant speed of 200 rpm at room temperature (25°C 
± 1°C). The effect of zeolite and zeolite-CTAB doses and their 
optimal amount for the adsorption of AB25 was obtained 
by taking 10 different amount of zeolite and zeolite-CTAB 
(10–100 mg) and agitated in the rotary shaker (Protech-
orbital Shaker, Model-719) at 200 rpm for 120 min with 
50 mg/L solution of AB25 at original pH of 6.37. The effect of 
pH on the adsorption of AB25 on zeolite and zeolite-CTAB 
has been studied over a pH range of 2–12. The pH of the dye 
solution was adjusted with 0.1 M HCl and 0.1 M NaOH. In 
this study, 25 mL of a fixed initial concentration (100 mg/L) 
of AB25 at different pH were agitated with 50 mg of each 
zeolite and zeolite-CTAB in the rotary shaker at 200 rpm for 
120 min. The effect of initial dye concentration and contact 
time on the adsorption of AB25 on zeoliote and zeolite-CTAB 
was studied for different AB25 concentrations at differ-
ent time intervals. In this study, 50 mg of each zeolite and 
zeolite-CTAB was added to 25 mL AB25 solutions of four 
different concentrations in the 50 mL screw type Erlenmeyer 
flasks and the mixtures were then agitated in the rotary 
shaker for 5, 10, 20, 30, 45, and 60 min. To understand the 
effect of temperature on the influence of the removal of AB25 
by zeolite and zeolite-CTAB, experiments were conducted 
at different temperatures of 30°C, 40°C, 50°C, and 60°C for 
different AB25 concentrations (25–125 mg/L) at pH 2. In this 
study, 50 mg of each zeolite and zeolite-CTAB adsorbent was 
added to the dye, AB25 of each five different concentrations 
in the 50 mL screw type Erlenmeyer flasks. And it was then 
instantly agitated in the temperature controlled Innova 4,200 
incubator shaker at 200 rpm for 60 min. These samples were 
taken out from the shaker at pre-determined time intervals 
for kinetics study and the dye solution was separated from 
the adsorbents by centrifugation in the Sigma laboratory 
centrifuges-Sartorius machine at 3,000 rpm for 10 min. The 
absorbance of supernatant solutions was measured spec-
trophotometrically by monitoring the absorbance at 610 nm 
using spectrophotometry, model: HeλIOSγ from which the 
concentration of AB25 was determined and the amounts of 
AB25 adsorbed on the adsorbents were obtained. The pH of 
the AB25 solution was measured using pH meter (Model: HI 
2211).

The amount of AB25 adsorbed on the surface of the 
adsorbent at time t, qt (mg/g) was calculated using a mass 
balance equation.

qt= [(C0–Ct)] V/W� (1)

Co and Ct (mg/L) are the initial concentration and concen-
tration at time t, respectively; V is the volume of the solution 
(L), and W is the mass of dry adsorbent used (g).

The dye removal percentage was calculated as follows:

Removal percentage = (C0–Ce)/Ce × 100� (2)

where Ce is the equilibrium concentration in solution (mg/L).

3. Theory of adsorption kinetics and isotherms

3.1. Kinetic models

In order to explore the mechanism of adsorption, char-
acteristic constants were perverse with two commonly used 
kinetic models Pseudo-first order (PFO) model (Eq. (3)) [14], 
and pseudo-second order (PSO) model (Eq. (4)) [15] applied 
to determine the rate of the adsorption process besides pro-
viding valuable information. The nonlinear form of the PFO 
kinetic model is given as follows: 

q q K tt e= − −( )( )1 1exp � (3)

PSO equation predicts the behavior over the whole range 
of adsorption. The nonlinear form of the PSO kinetic model 
is given as follows: 

q
K q t
q K tt
e

e o

=
+( )

2
2

1 � (4)

where k1 (1/min) is the rate constant of PFO adsorption, 
k2 (g/mg. min) is the rate constant of PSO adsorption. qe is the 
amount of dye adsorbed on adsorbent at equilibrium and qt is 
the amount of dye adsorbed on adsorbent at time t.

3.2. Adsorption isotherms

Adsorption isotherms predict the relationship between 
adsorbate and adsorbent in solution when both the phases 
are in equilibrium with each other. Langmuir isotherm pre-
dicts the homogenous and monolayer adsorption onto the 
adsorbent surface. The adsorption data obtained was applied 
to Langmuir and Freundlich models to analyze the data 
which are widely used in solid-liquid adsorption systems. 
Langmuir isotherm model is represented by the following 
equation [16]:

q
KL=
+

q C
K C

m e

L e1 � (5)

where q is the quantity of adsorbed AB25 at equilibrium set-
tings (mg/g), Ce represents the AB25 equilibrium concentration 
in solution (mg/L), qmax is the maximum adsorption capacity 
of adsorbent (mg/g) and KL is the Langmuir constant related 
to the adsorption energy (L/mg).

RL, a dimensionless constant, is used to determine 
whether adsorption is favorable or not and this was calculated 
by as follows:
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R
K CL
L

1
0

1
1

=
+ � (6)

where C0 is the initial concentration of dye (mg/L).
Freundlich isotherm model is also applied to describe 

the adsorption of dye. This isotherm is an empirical equation 
employed to describe the heterogeneous system. Freundlich 
isotherm model equation is represented by [17]:

q K Cf e
n=
1

� (7)

where Kf is the Freundlich constant, and ‘1/n’ is the hetero-
geneity factor. All remaining parameters of Langmuir and 
Freundlich isotherm models have different isotherm con-
stant that were determined using nonlinear regression of the 
experimental data utilizing excel-solver software.

3.3. Thermodynamic parameters

Thermodynamic parameters can be calculated from the 
difference of the thermodynamic distribution coefficient, 
KL with a change in temperature. The standard free energy 
change, ΔG°, will be calculated using the following expres-
sion [18–20]: 

ΔG° = − RTlnKd� (8)

ΔG° = ΔH° – TΔS° � (9) 

where Kd is the procured by multiplying Langmuir constant 
b. R is the universal gas constant (8.314 J/K. mol), and T is the 
temperature in Kelvin.

Standard enthalpy (ΔH°) and entropy (ΔS°) of adsorption 
can be estimated from Van’t Hoff equation: 

lnKd = (–ΔH°/RT) + S°/R� (10)

Kd = b(L/g) × MW(g/mol)� (11)

4. Results and discussion

4.1. Characterization of zeolite and zeolite-CTAB

FT-IR spectra of natural zeolite and zeolite-CTAB are 
depicted in Fig. 1. The FT-IR spectrum of zeolite-CTAB 
shows two pronounced adsorption bands at around 2,851 
and 2,922 cm–1, which can be attributed to the asymmet-
ric and symmetric stretching vibrations of –CH2 and –CH3 
respectively, it indicates that the presence of a long alkyl 
chain in the Zeolite-CTAB and supports the modification of 
zeolite with CTAB. These peaks are confirmed by another 
work [21]. Strong bands both for zeolite and zeolite-CTAB 
centered at 1,010 and 1,100 may be belonged to Si-O termi-
nal vibration together with those at around 491, 626, and 
796 cm–1 which indicate the bending vibrations and the sym-
metric stretching vibration of Si-O-Al and Si-O-Si bridge 
band respectively. Bands at 3,405 and 1,641 cm–1 may be due 

to the presence of bounded hydroxyl OH– groups and molec-
ular water respectively.

Fourier transforms infrared (FT-IR) spectra of 
zeolite-CTAB and AB25 loaded zeolite-CTAB are shown in 
Fig. 2. FT-IR spectra of zeolite-CTAB and AB25 loaded zeo-
lite-CTAB shows that the peak positions of the major bands 
in the spectrum of dye-loaded zeolite-CTAB is more or less 
at the same position as in the spectrum of zeolite-CTAB. The 
spectra of AB25 loaded zeolite-CTAB shows shifting of some 
peaks to slightly higher frequency, suggesting the involve-
ment of functional groups in the binding of AB25.

4.1.1. Scanning electron microscopy micrographs

The surface of zeolite, zeolite-CTAB, and AB25 
loaded zeolite-CTAB was observed by using a SEM. The 
obtained results are shown in Fig. 3, the natural zeolites 
are characterized by drusy texture with high porosity, 
partially developed crystalline laminar habits and conglom-
erate of compact crystals [22]. The surface morphology of 
zeolite-CTAB and AB25 loaded zeolite-CTAB is different 
from that of natural zeolite. The zeolite crystals could not be 
clearly seen when their surfaces were covered with CTAB and 
AB25 molecules, confirming that the modification of zeolite 
with CTAB and loading of AB25 on zeolite-CTAB occurred.

4.1.2. Energy-dispersive X-ray spectroscopy micrographs

EDX spectroscopy images of zeolite, zeolite-CTAB, and 
AB25 loaded zeolite-CTAB are shown in Fig. 4. The surface 

Fig. 1. FT-IR Spectra of zeolite and zeolite-CTAB.

Fig. 2. FT-IR Spectra of Zeolite-CTAB and AB25 loaded 
Zeolite-CTAB.
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morphology of zeolite-CTAB and AB25 loaded zeolite-CTAB 
are different from that of natural zeolite. Most of the parti-
cles in the zeolite show a laminar crystalline characteristic 
of the phyllosilicate. In the zeolite-CTAB and AB25 loaded 
zeolite-CTAB these certain particles are less dominated. 
Intercalation of surfactant molecules and dye molecules in 
the interlayers generally stand behind the domination of 
larger laminar crystallites and agglomerates. The zeolite 
crystals could not be seen clearly when their surfaces were 
covered with CTAB molecules and AB25, confirming that 

the modification of zeolite with CTAB has occurred and also 
the dye has been loaded on the surface of the zeolite-CTAB. 
The obtained elements from EDX analysis are presented 
in Table 1. EDX analysis data from Table 1 show that oxy-
gen, silicon, carbon, and aluminum are the major constitu-
ent elements along with traces of sodium, calcium, and iron 
in the form of impurities. Both the weight% and atomic% 
for carbon has been increased in zeolite-CTAB and AB25 
loaded zeolite-CTAB. CTAB has large alkyl chain; we found 
in zeolite that C% increase from 5.42% (weight) to 10.1% 

(a)

(b)

(c)

Fig. 3. SEM images of (a) Zeolite, (b) Zeolite-CTAB and (c) AB25 
loaded Zeolite-CTAB.

Fig. 4. EDX images with micrographs of (a) Zeolite, 
(b) Zeolite-CTAB and (c) AB25 loaded Zeolite-CTAB.
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(weight) in zeolite-CTAB and 13.6% (weight) in AB25 loaded 
zeolite-CTAB indicating modification of zeolite by CTAB and 
loading of AB25 in zeolite-CTAB.

4.1.3. X-ray fluorescence analysis

XRF spectroscopy images of zeolite and zeolite-CTAB 
are shown in Fig. 5. Fifteen oxides and one element (Cl) have 
been detected from the zeolite through XRF analysis. On the 
other hand fifteen oxides and one element (Br) have been 
detected from the zeolite-CTAB through XRF analysis. 

This result shows that the major components of zeolite 
are silica and alumina and the impurities were calcium, iron, 
sodium, potassium, magnesium, titanium, phosphorous, 
manganese, and some other oxides. Different compositions 
with their concentrations are given in Table 2. From the XRF 
analysis of zeolite and zeolite-CTAB it has been observed that 
there is no Br peak in the spectrograph of zeolite, but after 

modification, the Br peak has been observed in the spectro-
graph of zeollite-CTAB. This peak in the zeolite-CTAB indi-
cates the modification of zeolite was done by CTAB. On the 
other hand, the Cl peak has been disappeared in the spec-
trograph of zeollite-CTAB, which may be due to the replace-
ment of Cl by Br and this is possibly due to the modification 
of zeolite by CTAB.

4.1.4. X-ray diffraction analysis

XRD analysis of zeolite and zeolite-CTAB samples was 
done using the software “Eva”. Analysis results of the sam-
ples are shown in Fig. 6. It can be seen from Figs. 6(a) and (b) 
that modification of zeolite with CTAB lead to minor struc-
tural changes. The quantitative XRD analysis demonstrated 
that the zeolite consisted of mordenite with other minor 
constituents of clinoptilolite, quartz, feldspar, etc. The effect 
of CTAB on zeolite appears at decreasing number of char-
acteristic peaks of mordenite in the zeolite-CTAB because of 
exchange ions.

Table 1
Elements from EDX analysis

Zeolite Zeolite-CTAB AB25-loaded Zeolite-CTAB
Element Weight (%) Atomic (%) Weight (%) Atomic (%) Weight (%) Atomic (%)
C K
O K
Na K
Al K
Si K
Ca K
Fe K
Totals

5.42
53.4
0.96
5.46

32.8
1.96

–
100

8.59
63.6
0.79
3.85

22.1
0.93

–

10.1
38.4
0.67
6.94

38.8
3.20
1.83

100

16.7
47.8
0.58
5.12

27.5
1.59
0.65

13.6
54.5
0.57
5.14

24.0
0.40
1.74

100

20.1
60.1
0.42
3.36

15.1
0.18
0.77
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Fig. 5. XRF of (a) Zeolite and (b) Zeolite-CTAB.

Table 2
Composition of zeolite and zeolite-CTAB 

Formula Zeolite 
composition

Zeolite-CTAB 
composition

SiO2

Al2O3

CaO
Fe2O3

Na2O
K2O
MgO
TiO2

P2O5

MnO
SrO
SO3

ZrO2

Cl
ZnO
CuO

67.8%
12.0%
3.61%
2.18%
1.19%
0.92%
0.84%
0.34%
0.05%
0.04%
0.03%
0.01%
0.01%
0.01%

59 PPM
35 PPM

65.9%
11.8%
3.30%
2.09%
1.06%
0.96%
0.79%
0.33%
0.32%
0.13%
0.04%
0.03%
0.03%
0.01%

51 PPM
43 PPM
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4.1.5. Point of zero charges (pHpzc)

Fig. 7 shows the plot between ΔpH and pHi. The 
figure points out the point of zero charges for zeolite and 
zeolite-CTAB. It is obvious from Fig. 7 shows that the surfaces 
charge of the zeolite and zeolite-CTAB around 6.5 and 6.2, 
receptively. Hence, the pHpzc at the point of zero charges of 
the zeolite and zeolite-CTAB is 6.5 and 6.2 respectively. As the 
pH increases above the pHpzc value, the adsorbent surfaces 
become predominantly negatively charged, enhancing the 
electrostatic repulsion between the surfaces of adsorbent 
and AB25 anions. Similar behavior was reported by the 
adsorption of Congo red on Cicer arientinum Linn fruit shell 
biomass [7]. 

4.2. Effect of modification and adsorbent dosage on AB25 
adsorption

From Fig. 8, the adsorption capacities of anionic dye by 
natural zeolite were found to be negative. Due to this reason, 
the unmodified material adsorbs less amount of dye. Since, 
the adsorption of small water molecules was adsorbed eas-
ily by zeolite microspores, while the large dye molecules are 
excluded. In the zeolite-CTAB modified the material, zeolite 
surface modification and covered with the positive charges 
and increased electrochemical interaction between anionic 
dye molecules and the zeolite surfaces. Due to this reason, 
adsorption capacities increased more than four times.

The effect of adsorbent dosage on the adsorption of 
AB25 on zeolite and zeolite-CTAB from aqueous solution is 
shown in Fig. 8. Fig. 8, shows that the removal of AB25 by 
zeolite-CTAB increases up to a certain limit (50 mg) and then 
it remains almost constant. An increase in adsorption with an 
increase in adsorbent dose can be attributed to the increased 
surface area and the availability of more adsorption sites [23]. 
But the amount adsorbed for a unit mass of the adsorbent 
decrease considerably. The decrease in unit adsorption with 
increasing dose of adsorbent is basically due to adsorption 
sites remaining unsaturated during the adsorption process. 
For the quantitative removal of AB25 from 25 mL of 50 mg/L 
a maximum dose of 50 mg of adsorbent is required. Similar 
behavior has been observed for humic acid (HA) removal by 
another adsorbent such as acid-activated Greek bentonite [24]. 

ZS-AK
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Fig. 6. (a) XRD pattern of Zeolite and (b) Zeolite-CTAB.

Fig. 7. Determination of the point of zero charge.
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Fig. 8. Effect of adsorbent dosage on the removal percentage of 
AB25 by using zeolite and zeolite-CTAB. At AB25 concentration: 
50 mg/L; Zeolite and zeolite-CTAB doses: 10–100 mg; pH: 6.5; 
temperature: 25°C ± 1°C; equilibration time: 120 min; rotary 
speed: 200 rpm.
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4.3. Effect of initial pH concentration 

The effect of solution pH on the adsorption of AB25 
on zeolite and zeolite-CTAB has been investigated in the 
pH range 2–12, and the results are shown in Fig. 9. It can 
be shown that the influence of pH strongly influenced the 
adsorption capacity of AB25. The removal efficiency of AB25 
decreases with an increase in pH of the solution. The highest 
removal efficiency has been achieved at pH 2, and thereaf-
ter the removal efficiency has been decreased. Low pH leads 
to an increase in H+ ion concentration in the system and the 
surface of the zeolite acquires positive charge by adsorbing 
H+ ions. As the zeolite surface gain positive charge at low 
pH, a significantly strong electrostatic attraction appears 
between the sites. There were no significant changes in 
the pH ranging from 4 to 8 for zeolite-CTAB and 4 to 6 for 
zeolite. The minor decrease in adsorption with an increase in 
pH may be attributed to the repulsion between the anionic 
dye molecules and the abundance of OH– ions at higher pH 
values. These results also confirmed with the pHpzc. After 
pHpzc value, the materials have more negative charge, due to 
this reason at higher pH decrease in adsorption amount. A 
similar result was observed for the adsorption of Congo red 
from aqueous solution onto calcium-rich fly ash [25].

4.4. Effect of initial AB25 concentration and contact time 

The adsorption of AB25 on zeolite and zeolite-CTAB 
has been experimentally investigated at different AB25 
concentrations (50–125 mg/L for zeolite-CTAB and 
25–100 mg/L for zeolite) and contact time. The results are 
shown in Figs. 10(a) and (b) for zeolite and zeolite-CTAB, 
respectively. It was observed that the uptake was rapid for 
the first 5 min and after that attains saturation both for zeolite 
and zeolite-CTAB. An increase in initial AB25 concentration 
results in an increase in the adsorption of AB25 on zeolite and 
zeolite-CTAB. The equilibrium adsorption for zeolite-CTAB 
increases from 25 to 50 mg/g with an increase in the initial 
AB25 concentration from 50 to 125 mg/L and the equilibrium 

adsorption for zeolite increases from 10 to 39 mg/g with 
an increase in the initial AB25 concentration from 25 to 
100 mg/L. As the initial AB25 concentration increased from 
50 to 125 mg/L for zeolite-CTAB, the equilibrium removal 
registered a decrease from 99.3% to 82.5%. The adsorption 
rate was very high at early adsorption period due to the 
availability of a large number of the vacant site which 
increases the concentration gradient between the adsorbate 
in the solution and adsorbate on the adsorbent surface [26]. 

4.5 Adsorption kinetics

For evaluating the adsorption kinetics of AB25, the PFO, 
and PSO kinetic models have been used to fit the experimental 
data. A log(qe – qt) vs. t has been plotted for different AB25 
concentrations using (3) and (4) (figures are not shown). 
The values of the kinetic model’s constants obtained for the 
adsorption of AB25 onto zeolite and zeolite-CTAB are sum-
marized in Table 3. The low R2 values and the difference 
between qe,exp, and qe,cal indicate that the PFO model was not 
well fitted to describe the adsorption of AB25 by zeolite and 
zeolite-CTAB. It may be explained that the PFO model does 
not fit well to the whole range of contact time and generally 
underestimate the qevalues.
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Fig. 9. Effect of pH on equilibrium uptake of AB25. At AB25 
concentration: 100 mg/L; Zeolite and zeolite-CTAB doses: 50 mg; 
pH range: 2–12; temperature: 25°C ± 1°C; equilibration time: 
120 min rotary speed: 200 rpm.
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In addition, the R2 values for the PSO model were 
relatively higher than that of PFO model values. Moreover, 
the q2 values calculated by the PSO model were close to the 
qe,exp values. The adsorption coefficients of determination 
(>0.99) were obtained for the PSO kinetic model in zeolite 
and zeolite-CTAB and its reveals that the sorption process 
more suitable to this model. This implies that the adsorption 
best fitted to the PSO model at different initial AB25 
concentrations. Similar results for the adsorption of acid 
dyes have also been reported by other researchers [27,28]. 
Generally, the higher correlation coefficient (R2) exhibits a 

better fit for the model. Statistical analysis for the adsorp-
tion kinetics was also carried out utilizing some predictive 
test tools such as standard error (SE), average relative error 
(ARE) and normalization standard deviation (NSD) as shown 
in Table 2. From Table 2, the PSO model was noticed that was 
statistically conspicuous based on the higher R2 values and 
lower SE, NSD, and ARE values compared with PFO model.

4.6. Adsorption isotherms

To determine the AB25 dye adsorption process, the 
obtained experimental data were analyzed with two most 
commonly used isotherms models. It was very useful for 
the determination of the best correlation for the equilibrium 
curves. In the present study, Langmuir and Freundlich mod-
els have been used to analyze the data which are widely used 
in solid-liquid adsorption systems.

The details of the Langmuir and Freundlich isotherms are 
given in (5), (7). Figs. 11 and 12 show the adsorption isotherm 
curves and the obtained values are shown in Table 4. The 
adsorption isotherms of AB25 onto zeolite and zeolite-CTAB 
were performed at 30°C–60°C. The results indicated that the 
amount of adsorbed AB25 increasing compared with natu-
ral zeolite. Because of CTAB increase the sorption capacity of 
zeolite, due to increase the alkyl chain with positive head group 
of CTAB. This lead to be surface can convert to hydrophobic and 
neutralizes the negative charges on CTAB-zeolite. The adsorp-
tion on zeolite-CTAB is a monolayer adsorption [26]. Based 
on the Langmuir isotherms model, the predicted maximum 
monolayer AB25 adsorption capacities for zeolite-CTAB were 
found to be 112.4 mg/g at pH 2 and at 60°C. For the raw zeolite, 
the adsorption capacity was found to be 64.2 mg/g at pH 2 and 
30°C. In the case of unmodified zeolite with increasing tem-
perature, adsorption capacity is decreasing order. due to the 
repulsion between negative species of material and dye mole-
cule –SO3 groups. The results show that the correlation coeffi-
cient of Langmuir isotherms was higher than that of Freundlich 
isotherms, indicating that the adsorption of AB25 onto zeolite 
and zeolite-CTAB can be better fitted with the Langmuir model. 
The favorability and the nature of the adsorption process can 
be identified from the value of 1/n. In the present study, the 
value of 1/n in raw zeolite and zeolite-CTAB cases is less than 
one, it is indicating that the adsorption process is favorable. The 
higher ‘n’ value is confirmed the zeolite having heterogeneous 
nature and reversible adsorption and it is not restricted to the 
formation of monolayer. However, in the case of zeolite-CTAB 
the surfactant positive head covered with negative spices. So, 
in the case of zeolite-CTAB materials adsorption is a monolayer 
process. The cationic surfactant produces the positive charge 
on the surface of zeolite. This positive charge and dye mole-
cule SO3

– interact with each other and due to this mechanism 
adsorption capacity is very high in zeolite-CTAB compare with 
zeolite [29]. In another hand, the ‘n’ value is less than one in all 
cases. It indicates that the adsorption of AB25 was more favor-
able on zeolite-CTAB.

The RL value is dimensionless constant; it is used to deter-
mine the adsorption processes is favorable or not. The RL value 
in the present study lies between zero and one indicating 
that adsorption of AB25 on zeolite and zeolite-CTAB were 
favorable. To confirm the superiority of fit attained by the 
adsorption isotherms for AB25 onto zeolite and zeolite-CTAB 

Table 3
Estimated PFO and PSO models rate constants for zeolite and 
zeolite-CTAB 

Zeolite-CTAB 50 mg/L 75 mg/L 100 mg/L 125 mg/L

qt = k2qe
2t/(1 + qek2t)

qe,exp 24.8 36.961 44.3828 51.5312
qe (mg/g) 24.8 36.131 44.337 51.393
k2 (g/mg.min) 0.62 0.066 0.065 0.032
R2 0.999 0.997 0.999 0.999
SE 0.06 0.84 0.26 0.45
NSD 0.001 0.05 0.003 0.006
ARE –0.001 –0.05 –0.002 –0.01

Q = qe(1 – exp(–k1t))
qe (mg/g) 24.8 35.4 43.7 50.1
k1 (1/min) 4.06 0.62 0.61 0.50
R2 0.999 0.994 0.999 0.997
SE 0.13 1.12 0.64 1.12
NSD 0.003 0.10 0.02 0.04
ARE –0.002 –0.08 –0.02 –0.03

Zeolite 25 mg/L 50 mg/L 75 mg/L 100 mg/L

qt = k2qe
2t/(1 +qek2t)

qe,exp 9.62 17.9 23.7 40.0
qe (mg/g) 10.3 18.2 36.1 40.9
k2 (g/mg.min) 0.09 0.07 0.07 0.01
R2 0.992 0.998 0.997 0.990
SE 0.36 0.31 0.84 1.50
NSD 0.12 0.04 0.05 0.12
ARE –0.09 –0.04 –0.05 –0.10

q = qe(1 – exp(–k1t))
qe (mg/g) 9.87 17.3 35.4 38.5
k1 (1/min) 0.40 4.06 0.62 0.31
R2 0.982 0.983 0.994 0.980
SE 0.55 0.94 1.12 2.20
NSD 0.25 0.32 0.10 0.23
ARE –0.21 –0.27 –0.08 –0.20

Note: Dosage of adsorbent: 50 mg; pH: 2; time intervals: 
5–60 min; rotary speed: 200 rpm; temperature: 25°C±1°C and initial 
concentration: 25–125 mg/L; solution volume; 25 mL.
q; adsorbed AB25 (mg/g) at time t (min).
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Fig. 11. Langmuir and Freundlich model isotherm plots for AB25 removal at different temperature (a) 30°C, (b) 40°C, (c) 50°C, and 
(d) 60°C using – Zeolite. Dosage of adsorbent: 50 mg; pH: 2; equilibration time: 60 min; rotary speed: 200 rpm; temperature: 30°C–60°C 
and initial concentration: 25–100 mg/L (Solution volume: 25 mL).
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Fig. 12. Langmuir and Freundlich model isotherm plots for AB25 removal at different temperature (a) 30°C, (b) 40°C, (c) 50°C, and 
(d) 60°C using Zeolite-CTAB (Dosage of adsorbent: 50 mg; pH: 2; equilibration time: 60 min; rotary speed: 200 rpm; temperature: 
30°C–60 °C and initial concentration: 50–125 mg/L; solution volume: 25 mL).
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adsorbents, different error functions with the correlation coef-
ficient (R2) were defined. Nonlinear regression was used based 
on its convergence criteria to minimize the error distribution 
between the experimental data and the predicted isotherms 
models. The data analysis demonstrated using excel-solver 
software, standard error (SE), nonlinear chi-square test (χ2) 
and root mean square error (RMSE) is shown in Table 4. The 
result shows that the lowest value of SE, χ2, and RMSE with 
higher values of R2 for Langmuir model in the correspond-
ing experimental data indicates that the Langmuir isotherm 
model provided the best fit to the experimental data. 

4.7. Thermodynamic study

Temperature is one of the key parameters to achieve 
knowledge of the thermal character of the adsorption pro-
cess. The variation of dye removal efficiency concerning the 
temperature can be explained by various thermodynamic 
parameters such as ΔG°, ΔH°, and ΔS°, which are evalu-
ated from (8–11). The values of ΔH° and ΔS° are obtained 
from the slope and intercept of a line plotted by lnKd vs. 1/T, 
respectively. The obtained thermodynamic parameters for 
the adsorption of AB25 on zeolite-CTAB are presented in 
Table 5. The increase in AB25 adsorption on zeolite-CTAB 
was observed with an increase in temperature. This increase 
in AB25 adsorption on zeolite-CTAB indicates that the 
preferential adsorption may occur at high temperature [28]. 

It is evident from the results that the overall the value 
of the ΔG° was negative for zeolite-CTAB. The negative 
value of values of ΔG° indicates, the adsorption of AB25 is 
a degree of spontaneous process and thermodynamically 
favorable at various temperatures. The ΔG° values increase 
with temperature for zeolite-CTAB shows the decrease 
of spontaneous influence. Also, the values of ∆G⁰ were 
less than 60 KJ/mole confirm the adsorption of the AB25 
on the zeolite-CTAB was the physical sorption processes. 
The positive value of enthalpy (ΔH°) indicates the pro-
cess was endothermic nature and the more interaction of 
the zeolite-CTAB with AB25. The value of ΔS0 was found 
to be positive establish the increasing randomness in the 
solid-liquid interface interaction during the adsorption 
process [28]. 

5. Comparison of zeolite and zeolite-CTAB with other 
sorbents for the sorption of AB25 

The adsorption capacity of zeolite and zeolite-CTAB for 
the removal of AB25 is shown in Table 6. The adsorption 
capacity of various, adsorbents for the removal of AB25 is 
also shown in Table 6. For comparison purpose, the removal 
capacity of zeolite and zeolite-CTAB compares well, with 
that of the other adsorbents used. The adsorption capacity 
of zeolite and zeolite-CTAB for AB25 was found to be 64.2 
and 112.4 mg/g, respectively. The zeolite-CTAB shows the 
higher adsorption capacity than various low-cost adsorbents 
for AB25, reported in the literature. It can be concluded 
that zeolite-CTAB was extremely effective in the removal 
of AB25 from aqueous solution when compared with the 
effectiveness of other adsorbents [4,30,31–37]. However, the 
adsorption capacities of zeolite and zeolite-CTAB for removal 

Table 4
Estimated isotherm parameters for AB25 adsorption using 
Zeolite and Zeolite CTAB at different temperatures 

30°C 40°C 50°C 60°C
Zeolite
Q = Kf Ce

1/n

Kf (mg/g (L/mg)1/n) 24.9 19.3 15.8 15.0
1/n 0.33 0.38 0.40 0. 41
R2 0.925 0.781 0.769 0.925
SE 5.18 8.58 8.44 4.83
RMSE 4.59 7.43 7.31 4.18
χ2 3.20 8.64 11.2 4.42

Q = KLqmCe/(1 + KLCe)
KL (L/mg) 0.59 0.38 0.36 0.38
qm (mg/g) 64.2 58.0 54.7 52.8
R2 0.970 0.907 0.851 0.971
SE 2.80 3.02 6.79 3.03
RMSE 2.89 4.86 5.88 2.62
χ2 0.99 4.41 7.95 2.50
RL1 0.06–

0.01
0.09–

0.02
0.10–

0.02
0.10–

0.02

Zeolite-CTAB
q =Kf Ce

1/n

Kf (mg/g (L/mg)1/n) 2.53 5.71 8.70 5.37
1/n 0.85 0.70 0.60 0.84
R2 0.995 0.842 0.957 0.905
SE 0.77 6.20 4.14 5.43
RMSE 0.67 5.37 3.58 4.71
χ2 0.98 5.10 1.94 2.35

Q = KLqmCe/(1 + KLCe)
KL (L/mg) 0.03 0.04 0.06 0.05
qm (mg/g) 82.2 99.4 101 112
R2 0.993 0.865 0.961 0.925
SE 0.95 5.71 3.92 4.83
RMSE 0.82 6.74 3.40 4.19
χ2 1.52 7.93 1.73 2.46
RL1 0.58–

0.21
0.49–

0.16
0.45–

0.14
0.41–

0.12

Note: Dosage of adsorbent: 50 mg; pH: 2; equilibration time: 
60 min; rotary speed: 200 rpm; temperature: 30°C–60°C and initial 
concentration: 25–125 mg/L; solution volume: 25 mL.

Table 5
Thermodynamic parameters for AB25 adsorption on 
Zeolite-CTAB at four different temperatures 

Temperature (°C) ΔG° (kJ/mol) ΔH° (kJ/mol) ΔS° (kJ/mol. K)
30
40
50
60

–23.7
–25.4
–27.1
–27.7

18.1 0.14

Note: Dosage of adsorbent: 50 mg; pH: 2; equilibration time: 
60 min; rotary speed: 200 rpm; temperature: 30°C–60°C and initial 
concentration: 50–125 mg/L; solution volume: 25 mL.
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of AB25 are less than those reported for waste tea activated 
carbon [38] and cationized starch-based material [39]. This is 
due to the fact that the initial concentrations of AB25 used in 
these studies were higher than 50–125 mg/L.

6. Conclusion

The present study revealed that surfactant modified 
zeolite; zeolite-CTAB acts a well adsorbent for the removal 
of acidic dye AB25 from aqueous solutions. Zeolite-CTAB 
adsorption capacity is higher than zeolite. The FT-IR, SEM, 
and EDX show that the modification of zeolite with CTAB 
was successful. The XRF study shows that the macro-pores 
on the surface of adsorbents are filled up by CTAB mole-
cules after modification. It is also eluded in FT-IR, SEM and 
EDX analysis that dye was loaded on the adsorbent surface. 
Kinetics study shows that the adsorption reaction follows 
the PSO kinetic model (R2 > 0.99). In both cases, the adsorp-
tion processes completely depend on the pH. The highest 
removal efficiency has been achieved at around pH 2, and 
after that the removal efficiency was decreased. From the ini-
tial dye concentration and contact time, it was clear that the 
adsorption rate was very high at early adsorption period due 
to the availability of a large number of the vacant site which 
increases the concentration gradient between the adsorbate 
in the solution and adsorbate on the adsorbent surface. The 
maximum adsorption capacity for zeolite-CTAB and zeolite 
are found to be 112 and 64.2 mg/g, respectively. The equilib-
rium data were found to be well represented by the Langmuir 
model for zeolite-CTAB and zeolite. The RL values in the pres-
ent study lies between zero and one that indicate the adsorp-
tion of AB25 on zeolite-CTAB and zeolite were favorable. In 
the present study, the value of n in all cases was greater than 
one indicating that the adsorption process is favorable. The 
results corroborate that the positive value of ΔH° indicating 
the adsorption processes was endothermic and decreasing 

the ΔG° with increasing temperature was obvious indicators 
of the endothermic character for the AB25 adsorption onto 
the zeolite-CTAB adsorbent. The positive ΔS° value shows 
increasing irregularity within the solution/adsorbent during 
the adsorption of the dye AB25. The zeolite-CTAB containing 
amino-group, it will be useful to attract of anionic organic 
dye pollutants from dye-containing wastewater. 
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