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The adsorption of Acid Red 18 (AR18) by a natural zeolite (NZ) and its surfactant modified form (SMNZ) was
investigated. The effects of initial dye concentration, contact time and adsorbent dose on the removal of AR18
were examined. Sorption kinetic was evaluated using the pseudo-second order, Elovich and Lagergren’s first-
order models. The equilibrium was analyzed by Freundlich, Langmuir, and Dubinin-Radushkevich models.
The pseudo-second order kinetic model was found to agree well with the experimental data. The Langmuir

Keywords: isotherm was found to best represent the sorption data. The capacities of SMNZ and NZ for AR18 were found
Acid Red 18 20.42 and 1.17 mg/g, respectively. SMNZ could be a useful sorbent for the removal of AR18 from aqueous
Adsorption solutions.

Dye © 2015 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

Surfactant modified natural zeolite

1. Introduction

Due to the toxicity of dye effluents, their discharge to the envi-
ronment, especially to water system, has becomes a major concern
worldwide. These dyes are usually originated from industries such as
dyestuff manufacturing, textiles, printing and dyeing. They can con-
sume the dissolved oxygen content of water bodies which is needed
for aquatic life. Some of them have a direct toxicity effect on micro-
bial populations and even can be carcinogen or toxic to the mammals
[1,2].

The structural varieties of dyes can fall into either the cationic,
non-ionic or anionic types. Among these types, the anionic dyes in-
clude direct, acid and reactive dyes [3]. Brightly colored water-soluble
reactive and acid dyes are the most problematic dyes, which tend to
pass through the conventional treatment systems unaffected easily
[4]. In addition, the presence of the dyes in water bodies can de-
creases the rate of photosynthetic process [5].

Nowadays, several treatment processes are used in the removal
of dyes from aqueous solutions including: precipitation, ultrafil-
tration, ion exchange, phytoextraction, electrodialysis and reverse
osmosis. However, the adsorption process is preferred for the re-
moval of these pollutants due to easy handling and high removal
performance [2,6-8]. On the other hand, the efficacy of the adsorp-
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tion process and its economy are limited by the physicochemical
characteristics and the cost of the adsorbent [9]. In this context,
several researchers have studied the removal of dyes from mono-
component solutions using low-cost adsorbents with inorganic
origin such as clay materials. Clay minerals, as low cost natural
adsorbents, are natural scavenger of pollutants from water through
adsorption mechanisms [10] and ion exchange process [11]. Natural
zeolites are good adsorbent for the dyes [12,13] and they have al-
ready found many applications because of their high cation-exchange
capacity and surface area. They are mainly composed of aluminosil-
icates with a three dimensional framework structure bearing AlO4
and SiO,4 tetrahedra that are linked to each other by sharing all of
their oxygens to form interconnected cages and channels containing
mobile water molecules and alkalis and/or alkaline earths [14].
Nowadays, functionalization of zeolites is a very promising approach
for designing materials with novel surface properties and making
them more suitable for specific applications [15,16].The common
surface functionalization of these materials is via adsorption of
cationic surfactants [17]. The natural zeolites (NZ) are most common
inorganic materials used for surface modification, because they pos-
sess permanent negative charges in their crystal structure, making
them suitable for this kind of modification. Sorption of a cationic
surfactant onto a negatively charged surface involves both cation
exchange and hydrophobic bonding mechanisms [18]. Surfactant
modified natural zeolite (SMNZ) can remove organic compounds and
oxyanions from water. Partitioning is responsible for organic sorption
by SMNZ [19]. The capacity of zeolites for the dye sorption is limited
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and in many of studies their modification have been reported by sur-
factants, such as hexadecyltrimethylammonium (HTAB) [20], tetram-
ethylammonium(TMA) [21], cetylpyridiniumbromide (CPB), and
octadecyldimethylbenzyl (ODMBA) [22] to improve their sorption
capacities. SMINZ has been used for the removal of various pollutants
from aqueous solutions, such as phosphorous [23], humic acid [24],
and heavy metals [25,26]. However, SMNZ is used as a sorbent for re-
moval of dyes from aqueous solutions. For example it has been used
for the removal of Congo Red [13], reactive dyes [27], Remazol Brillant
Blue R and Remazol Yellow [28] from aqueous solutions. It seems
that further batch studies are needed to investigate the capacity of
SMNZ for the removal of dyes from aqueous environments.

A batch equilibrium adsorption study can be carried out to assess
the adsorption capacity of a given sorbent for the sorption of an ad-
sorbate. The equilibrium of the sorption of a material at a surface can
be described by adsorption isotherms which are often used as empir-
ical models [29]. An adsorption isotherm is the relationship between
the adsorbate in the liquid phase and the adsorbate adsorbed on the
surface of the adsorbent at equilibrium condition and a constant tem-
perature. The adsorption isotherm is very important to design the ad-
sorption systems. Isotherm models are obtained from measured data
by means of regression analysis. The most frequently used isotherms
are the Freundlich and Langmuir models [30]. Except for adsorption
capacity, kinetic performance of a given adsorbent is also of a great
importance in the pilot application. From the kinetic analysis, the
solute uptake rate, which determines the residence time required
for completion of adsorption reaction, may be established and one
can know the scale of an adsorption apparatus based on the kinetic
information [31].

This study aims to examine the adsorption capacities of locally-
derived sorbents, SMNZ and NZ (obtained from natural mines in the
southeast Semnan, a city in north eastern Iran) for the sorption of
Acid Red 18 (AR18) from aqueous solutions. The sorption of AR18
onto SMNZ was studied by performing batch kinetic and equilibrium
experiments. The experimental data were analyzed using the Fre-
undlich, Langmuir and Dubinin-Radushkevich isotherm models. The
kinetic data were also analyzed to predict the constant rate of ad-
sorption using three common kinetic models: pseudo-second order,
Elovich and Lagergren first-order models. The effects of parameters
such as dye concentration, pH and dosage of sorbent were analyzed
for the purpose of understanding the adsorption behavior of dye onto
SMNZ.

2. Experimental
2.1. Sorbent preparation

Local natural zeolitefrom the mines in the southeast of Semnan
(a province in northeastern Iran) was used to prepare modified sor-
bent. First of all the zeolite was crushed and passed through a series
of sieves (50 and 70 U.S. standard mesh sizes). In order to remove
dirt and dust particles, zeolite samples were washed in tap water and
then twicewith distilled water. To remove the dissolved salts and im-
purities, the samples were placed in contact with distilled water for
1 h and then were washed with distilled water and dried at 200 C
in an oven overnight [26,32,33]. The dried samples were sieved us-
ing metal sieves and a mixture of the residuals on 50 and 70 sieves
was kept in a bottle and used for further investigation. The average
adsorbent particle size was 0.27 mm.

To improve the cation exchange capacity of zeolite samples, a so-
lution of sodium chloride salt was used to saturate the exchange sites
with sodium ions, before modifying the surface of zeolites with sur-
factant. For this purpose, a one molar solution of sodium chloride
was prepared and a dosage of 100 g/L of zeolites was contacted with
the solution and shaked with speed of 170 rpm for 48 h. Because the
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Fig. 1. Preparation of SMNZ.

chloride ions may affect the properties of modified zeolite, samples
were washed with distilled water to remove residual chloride ions.
The wash waste solution was analyzed for the presence of chloride
ion using the argentometric titration method in order to ensure the
removal of chloride ions [17,20,34].

The improved-cation-exchange-capacity samples were dried at
50 Cin an oven overnight and used as natural zeolite (NZ) in the ad-
sorption experiments.

Total cation exchange capacity (CEC) and the external CEC (ECEC)
of zeolites were measured using Haggerty and Bowman [35] method.

Surfactant modified natural zeolite (SMNZ) affords a hydrophobic
environment for the partitioning of organic molecules with low po-
larity and high molecular weight [36]. The preparation of SMNZ was
carried out according to Fig. 1. Hexadecyltrimethylammonium bro-
mide (HTAB) supplied by Merck with a concentration of 20 mmol/L
was used for the preparation of SMNZ. 10 g of prepared cationic ze-
olite samples with 100 mL of HTAB solution were added to a 125 mL
polyethylene bottle. The dispersions were shaked at room tempera-
ture by a mechanic shaker for 24 h followed by washing with distilled
water. Therefore, the modified zeolite samples were dried at 50 C in
an oven overnight [20]. In a study conducted by Ghadiri et al. [32],
the modification of a clinoptilolite-type zeolite with a concentration
of 20 mmol/L of HTAB provides the highest sorption capacity for the
removal of MTBE from aqueous solutions.

The properties of zeolites were investigated by X-ray fluores-
cence (XRF) (PW 2404 Philips Holland) and X-ray diffractometer
(X’Pert MPD Philips Holland) operated at 40 kV and 40 mA. The XRD
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Table 1 Table 2
XRF analysis results of NZ and SMNZ. The name and non-linear form of studied isotherm models.
Sorbent  Oxides Model types  Name Non-linear form References
Na,0 MgO K,0 CaO TiO, Fe,03 SiO, ALO; LOI Isotherm Langmuir o = Bl (37]
z _ 1/n
NZ 224 041 4028 128 019 066 6932 1047 1127 models Freundlich o Ge=kiG , [38]
SMNZ 225 042 405 130 020 068 6933 1049 1128 Dubinin-Radushkevich - ge = Qsexp(~Bpe?) [39]
e=RTIn(1+4)
Kinetic Pseudo-second order q = q";z% [44]
models Elovich kinetic model g, = "¢# 1 1 Int [46]

N f i
Fig. 2. Optimized-structure of the azo dye, Acid Red 18.

analysis was performed on the natural and modified zeolite samples
to confirm the crystal structure and identity. The surface morphology
of the zeolite samples was also investigated using scanning electron
microscopy (XL30 Philips Holland).The chemical composition of nat-
ural zeolite was given in Table 1. The capacities of SMNZ and NZ for
the sorption of Acid Red 18 from aqueous solutions were compared
by conducting the kinetic and equilibrium adsorption studies.

2.2. Reagents

Acid Red 18 (AR18), known as C.I. 16255 and an acidic dye, was
bought from Alvansabet company at Hamadan, a city in west Iran.
The dye was used without any additional purification and its opti-
mized structure (the dye’s structure was optimized in Hyperchem
software by PM3 method) was shown in Fig. 2. Molar mass of AR18 is
604.47 g/mol and its molecular formula is CogHy1NyNa304(S3.

A dye stock solution was prepared by dissolving of 500 mg of AR18
in 1000 mL deionized water. The working solutions were prepared by
diluting of the stock solution.

2.3. Kinetics and equilibrium studies

The kinetic and equilibrium adsorption studies were carried out
to evaluate the maximum sorption capacity of the dye by sorbents
(NZ and SMNZ) from aqueous solutions using batch contact adsorp-
tion process at 25 + 2°C and pH 6.5 + 0.2. The initial concentration of
dye solution was 50 mg/L. Adsorption experiments were conducted
in 1000 mL Erlenmeyer flasks containing a suspension of 4 g of ad-
sorbent and one liter of dye solution with different concentrations.
The contents of all Erlenmeyer flasks were mixed thoroughly using
magnetic stirrers with a constant speed.

A series 5 mL samples were taken at irregular intervals and one at
the equilibrium time to measure the residual dye concentration for
conducting kinetic and equilibrium studies, respectively. The samples
were centrifuged at 3500 rpm for 20 min. The adsorption time was
not included in the length of centrifugation time in this study. The dye
concentration in each sample was measured spectrophotometrically

Lagergren first-order
model

Gt = ge — exp (Inge — kit)  [45]

at the maximum absorption wavelength (Amax), 506 nm. The amount
of dye adsorbed onto the zeolite sorbents, g. (mg/g), was calculated
as follows:

(G -GV
== (1)
where V is the liquid volume (L), Cy is the initial concentration in
the solution (mg/L), Ce is the equilibrium concentration (mg/L), and
W is the amount of the adsorbent sample (g), respectively. Each ex-
periment was carried out twice to check the reproducibility of the
results and the average results are reported. Adsorbent-free blanks
were used as control. The reproducibility of the experiments was ac-
ceptable and a maximum error of about 5% between the replicates of
adsorption experiments was estimated.

Three adsorption isotherm models, Langmuir [37], Freundlich [38]
and Dubinin-Radushkevich [39] were used to describe the equilib-
rium between the adsorbed dye on the adsorbent and dye in solution.
The non-linear forms of isotherm models are given in Table 2.

The Langmuir equation is valid for monolayer sorption onto a sur-
face with a finite number of identical sites. In the Langmuir equa-
tion C. (mg/L) is the equilibrium concentration of dye in solution, qn
(mg/g) is the maximum amount of adsorbed dye per unit mass of sor-
bent corresponding to complete coverage of the adsorptive sites, g
(mg/g) refers to the amount of the dye adsorbed at equilibrium time
and b (L/mg) is the Langmuir constant related to the energy of ad-
sorption. The essential characteristics of the Langmuir isotherm can
be expressed in terms of the dimensionless constant separation fac-
tor or equilibrium parameter, R; [40] which is defined by Eq. (2):

B 1
T 140G’

where b is the Langmuir model constant and Cy (mg/L) is the initial
concentration of the dye in solution. The value of R; indicates the type
of isotherm to be irreversible (R, = 0), favorable (0 < R; < 1), linear
(R, = 1) or unfavorable (R; > 1).

The constant n in the Freundlich equation is a constant that repre-
sents the parameter characterizing quasi-Gaussian energetic hetero-
geneity of the adsorption surface [41]. The n constant gives an indica-
tion on the favorability of adsorption. It is generally stated that value
of nin the range of 2-10 represent good, 1-2 moderately difficult, and
less than 1 poor adsorption characteristics [42].

Dubinin and Radushkevich (D-R) proposed an empirical equation
has been widely used to describe the case of liquid-phase adsorption.
Several studies have shown that the adsorption energy can be esti-
mated according to the D-R equation, assuming that the adsorption
in micropores is limited to a monolayer [20,43]. The adsorption ca-
pacity per unit surface area of the adsorbent at equilibrium, ge, can
be written as Table 2, where Qs is the ultimate capacity per unit area
in adsorbent micropores, By (mol2/k]?) is the constant related to the
adsorption energy, ¢ is the Polenyi potential, R is the gas constant
(8.314 J/mol K) and T is the absolute temperature (K). The most prob-
able energy of adsorption, E (k]/mol) has been defined as:

E = (2Bp) "2, 3)

e

R, (2)
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For evaluating the adsorption kinetics of AR18 dye, three kinetic
models, namely pseudo-second order [44], Lagergren’s first-order
[45] and Elovich [46] models were applied to the experimental data.
The non-linear equation forms of these kinetic models are given in
Table 2.

3. Results and discussion
3.1. Structural analysis of zeolite

The XRD diffractogram and SEM micrograph for NZ and its mod-
ified form (SMNZ) are shown in Figs. 3-5. The XRD spectrum of the
NZ was shown in Fig. 3. It is evident that the XRD pattern of the ze-
olite was similar to that of reflectance spectra of clinoptilolite. Thus,
clinoptilolite is the main mineral species in the zeolite’s structure.

For the natural zeolite used in this study, CEC and ECEC values
were 1.85 mEq/g, and 0.20 mEq/g, respectively. Generally zeolites

possess a net negative charge, thus due to isomorphic substitution
of the cations in the crystal lattice, they are excellent adsorbents for
cationic sorbates [35]. Accordingly, this negative surface charge re-
sults in zeolites having little or no affinity for anions. The ECEC value
of modified zeolite in this study is lower than the CEC value and this
represents that the main negative charges, are located in the internal
pore of zeolites [47].

A close resemblance was observed by comparing the diffraction
pattern of SMNZ (Fig. 4) with NZ. This finding is confirmed by the
results obtained by XRF analysis of the zeolite samples summarized
in Table 1 and indicates the structural integrity of material before
and after surfactant treatment [48]. Thus, the structure of zeolite
was not changed by chemical treatment. The SEM images of NZ and
SMNZ samples are illustrated in Fig. 5. SEM micrograph of NZ reveals
that the natural zeolites have drusy texture with high microporos-
ity. The aggregated particles having size 100-1000 nm and appeared
as flakes like crystals. No obvious differences are observed in surface
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Fig. 3. XRD diffractogram of natural zeolite (NZ).
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Fig. 4. XRD diffractogram of surfactant modified natural zeolite (SMNZ).
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Fig. 6. Kinetics of AR18 dye adsorption by (a) NZ and (b) SMNZ at several initial dye concentrations (pH 6.5 & 0.2, temperature = 25 + 2°C, sorbent mass = 4 g/L).

Table 3
Kinetic parameters of dye uptake by NZ and SMNZ zeolites.

Experimental Elovich model

First-order model Pseudo-second model

Sorbent Gy B o R? K; Qe R? ko Qe R?
(mg/L)  (g/mg)  (mg/g min) (min)  (mg/g) (mg/g min)  (mg/g)
SMNZ 25 277 74761.2 0.998 0128 6.05 0994  0.052 6.29 0.999
50 1.22 10831.7 0995 0111  11.48 0.995  0.021 12.02 0.999
75 0.34 8.03 0966 0050 16.93 0.995  0.004 18.83 0.998
100 0.33 16.65 0969 0056 1930 0.992  0.003 21.21 0.995
NZ 25 9.77 0.106 0943 0042 050 0.994  0.098 0.57 0.995
50 9.72 0.544 0962 0058 066 0991 0122 0.72 0.995
75 8.29 0.71842 0975 0.056  0.79 0.989 0103 0.87 0.992
100 5.99 035747 0976  0.048 093 0.990  0.066 1.04 0992

morphologies between NZ and SMNZ samples. This may implies that
surfactant molecules distributed homogeneously into the micropores
of SMINZ samples [49].

3.2. Sorption equilibrium and kinetics

A series of experiments were performed to determine the opti-
mum time needed to reach equilibrium in this study. Fig. 6(a) and (b)
show the adsorption capacities of NZ and SMNZ for the removal of
AR18 plotted against contact time at the several initial concentration
(i.e. 25, 50, 75 and 100 mg/L), respectively. As shown in Fig. 6(a), as
the contact time increases, the amount of dye adsorbed into the zeo-
lite samples is increased significantly. The rate of removal of the dye
was found to be rapid during the initial 100 min and remained nearly
constant thereafter. No significant change in the removal of dye was
observed after about 100 min. Therefore, the optimum contact time
of 100 min was selected in the adsorption isotherm experiments. The
maximum sorption capacity of AR18 was reached only up to 0.6 mg/g

for NZ, while in the case of SMNZ it was reached up to 10 mg/g for an
initial concentration of 50 mg/L of the dye.

The values of the kinetic models constants obtained for the ad-
sorption of AR18 onto NZ and SMNZ are summarized in Table 3. Good
coefficients of determination (>0.99) was obtained for the pseudo-
second-order kinetic model and reveals that the sorption process fol-
lows this model. A similar phenomenon was observed in sorption of
Orange II dye from aqueous solution onto surfactant-coated zeolite
[12] and Acid Blue 193 by surfactant modified Sepiolite [50]. The re-
duction in the pseudo-second-order rate constant, k,, from 0.052 to
0.003 g/mg min, can be resulted from the prolongation of the sorption
equilibrium time period due to the increase in the initial concentra-
tion of the dye [12].

The equilibrium isotherms curves of the SMNZ and NZ zeolites are
shown in Fig. 7. The SMNZ has much higher sorption capacity than its
non-modified form. Fig. 7 indicates that the NZ has a limited adsorp-
tion capacity for AR18 due to the exclusion of the dye anions from the
pores of NZ by increasing of the water adsorption within the pores
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[51]. At the initial concentration of 25 mg/L, the sorption capacity for
the dye by SMNZ was about 6 mg/g, while it was only 0.5 mg/g for NZ
for same initial concentration. From the XRF results (Table 1) the NZ
is composed of clinoptilolite and quartz (SiO,/Al, O3 ratio: 6.6). It can
also be find that the content of quartz is high. The structure of quartz
consists of corner sharing SiO,4 tetrahedra, each Si is bonded to four
oxygens, and each oxygen is bonded to two silicon atoms. Therefore,
it has no ion exchangeable capacity for cations [52]. This reduces the
uptake of anionic compound onto it [52].

In order to increase the sorption capacity of zeolite, the HTAB not
only makes the zeolite surface more hydrophobic but also neutralizes
the negative charges [53]. The possible mechanism of anionic dye ad-
sorption onto modified zeolite was reported by Armagan et al. [53].
It is schematically illustrated in Fig. 8. This indicates that the degree
of hydrophobicity may plays an important role in the interaction of
oppositely charged groups. In addition, surface coverage as a bilayer
rather than a monolayer has a strongly favorable influence on the
dye adsorption. The diameter of HTAB cation is 0.4 nm, its length is
2.3 nm, and the diameter of its polar head is 0.694 nm, which makes
it too large to penetrate the channels of clinoptilolite zeolite, which
have dimensions 0.42 x 0.72 nm. Thus the reaction in the system of
SMNZ and HTAB cations involve only external cation exchange capac-
ity, leaving the internal cation exchange capacity unchanged [54].

The values of isotherm constants for AR18 adsorption onto SMNZ
and NZ are presented in Table 4. The R? value for the Langmuir
isotherm is higher than that for the Freundlich and D-R models. For
both, NZ and SMNZ, the Langmuir model provides a slightly more

Table 4

bilayer

ZEOLITE

Fig. 8. A schematic illustration of interaction of anionic dye molecule with quaternary
amines onto zeolite surface (adapted from [51]).

consistent fit to the data in comparison with the Freundlich and
Dubinin-Radushkevich. In Langmuir equation, the capacity parame-
ter, gm, represents the maximum amount of dye that can be adsorbed.
Furthermore, K in Freundlich equation is an index to the sorption ca-
pacity of sorbent. Both parameters, gm and Kj, indicate that the SMNZ
has a higher sorption capacity than that for NZ. The Freundlich expo-
nent 1/n provides information on surface heterogeneity and surface
affinity for the solute. This exponent was found to be 0.43 and 0.31
for NZ and SMNZ, respectively. These values indicate that the adsorp-
tion process is favorable. The degree of favorability increases as 1/n
approaches zero. The Langmuir constant b was found to be 0.33 for
SMNZ and 0.02 for NZ. These values also indicate a higher affinity of
dye for SMNZ is expected in comparison with NZ. Moreover, R; values
indicate favorable adsorption of AR18 onto zeolite samples as it was
found 0.057 and 0.50 and lies between 0 and 1 for SMNZ and NZ, re-
spectively. The maximum capacities of SMNZ and NZ for AR18 were
calculated to be 20.42 and 1.17 mg/g, respectively. These values were
compared with those were reported in other studies (Table 5) on the
sorption of AR18 by other adsorbents. The highest and lowest adsorp-
tion capacity for AR18 by other sorbents were found to be 948.5 mg/g
for starches [55] and 1.0 mg/g for bone char [56], respectively. The D-
R model allows estimating the adsorption energy of the system. The
calculated adsorption energy for SMNZ was 1,961 ]J/mol. This value
could be related to the structure of the sorbent and is independent
from the adsorption capacity [43].

3.3. Effects of experimental conditions

The effect of SMNZ dosage on the sorption of AR18 was studied
while pH and initial concentration were fixed on 3 and 50 mg/L, re-
spectively. The results obtained are illustrated in Fig. 9(a). This figure

Isotherm models parameters of dye uptake by NZ and SMNZ zeolites.

Sorbent ~ Model Parameter symbol  Unit Parameter value ~ R?
SMNZ Freundlich Ky mg!-1n Lln g-1 7.01 0.975
n - 3.20
Langmuir qm mg/g 20.42 0.990
b L/mg 0.33
Dubinin-Radushkevich Qs mg/g 16.10 0.897
Bp mol?/kJ? 9.54E—4
NZ Freundlich Ky mg!-1n Lln g-1 0.11 0.991
- 2.30
Langmuir m mg/g 117 0.998
b L/mg 0.02
Dubinin-Radushkevich Qs mg/g 0.82 0.956
Bp mol?/k]? 0.13
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Table 5
Adsorption of AR18 by other sorbents in literature.
Adsorbent Sorption capacity (mg/g)  Best descriptive isotherm  Best descriptive kinetic =~ Reference
Starches modified by diethylenetriamine 948.5 Langmuir Pseudo-second-order [55]
Chitosan, derived from deacetylated crab shell chitin 693.2 Langmuir Lagergren [57]
Poly(ethylenimine) grafted anaerobic granular sludge 520.5 Langmuir Pseudo-first order [58]
Dithiocarbamate-modified starch 245.3 Freundlich Pseudo-first-order [59]
Bamboo derived active carbon 196.6 Redlich-Peterson - [56]
Peat 13.6 Langmuir - [56]
Bone char 1.0 Langmuir - [56]
Nanochitosan emulsion 828.0 Langmuir - [60]
Bentonite based composite 69.8 Redlich-Peterson - [61]
Activated carbon from flamboyant pods 551.7 Vieth-Sladek Pseudo-second order [62]
Chitosan films 194.6 Redlich-Peterson Elovich [63]
SMNZ 204 Langmuir Pseudo-second order This study
NZ 1.1 Langmuir Pseudo-second order This study
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Fig. 9. The effects of experimental parameters (a) sorbent dosage, (b) dye concentration, and (c) pH on the sorption of AR18 onto SMNZ.

clearly shows that with increasing the amount of SMNZ from 2 to
8 g/L, the sorption of the dye increases from 10.2 to 12.6 mg/g. This
confirms the dependence of the adsorption process on the availabil-
ity of binding sites. The increase in the dye sorption with increasing
the sorbent dosage can be ascribed to the greater surface area and the
accessibility of more adsorption sites [64].

The results of dye sorption on SMNZ with different initial concen-
trations (i.e. 25, 50, 75 and 100 mg/L) are presented in Fig. 9(b). As
shown, the adsorption of AR18 by SMNZ increases as the initial dye
concentration increases. The increase of the initial concentration of
the dye may increases the mass transfer driving force and therefore
the rate at which the molecules of the dye pas from the solution to
the particle surface [28]. This leads to higher adsorption of the dye.

The dye sorption capacity on SMNZ versus pH (i.e. 3 to 9) under a
fixed initial dye concentration of 50 mg/L and a dosage of 4 g/L of sor-
bent, was illustrated in Fig. 9(c). It is evident that by increasing the pH
from 3 to 9, the sorption capacity decreased from 12.3 to 10.2 mg/g. It
can be seen that the maximum sorption of dye by SMNZ takes place
in acidic condition. This effect of pH can be explained with regards
to the different interaction between AR18 and sufactant in terms of

surface charge. The AR18 is an acidic dye and its sulfonate moiety
contains negative sulfonic groups (-SO3~) (Fig. 2). An acidic condi-
tion with a low pH leads to increase in the concentration of H* ion
[13]. On the other hand, a layer of HTAB on the surface of zeolite in-
creases the positive charges on the external surface of zeolite [65].
Therefore, the strong electrostatic attraction between the positively
charged sorption site and the dye molecules leads to high adsorption
capacity of dye. The considerable decrease in the dye sorption capac-
ity by increasing the pH, is in agreement with the results of a study
on adsorption of Congo Red using surfactant modified natural zeolite
[13]. Torabian et al. [66] reported that surfactants specially HTAB, are
stable at various pH. Therefore, the possibility of the degradation of
SMNZ or desorption of surfactant from the surface of the zeolite is
very low.

4. Conclusion
A locally derived natural zeolite was modified with HTAB surfac-

tant and was used as low cost adsorbent of dye (Acid Red 18) in aque-
ous solution. Natural zeolite (NZ) has a limited dye removal capacity
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for acidic dye. Nevertheless, this study showed that the dye removal
capacity of NZ can be substantially improved by modifying its surface
with HTAB surfactant. According to the results obtained in this work,
the modified zeolite (SMINZ) is an effective sorbent for the removal of
acidic dyes from aqueous solutions. The removal efficiency of SMNZ
for the sorption of AR18 was dependent to the pH of solution and
adsorbent dosage. The sorption capacity of AR18 was increased with
decreasing pH and increasing adsorbent dose. The conditioning (mix-
ing) time of about 100 min was found to be sufficient for reaching the
equilibrium point. The sorption kinetics of AR18 on SMNZ could be
explained by a pseudo-second-order kinetic model. The maximum
capacities for AR118 by SMNZ and NZ forms of zeolite were deter-
mined to be 20.42 and 1.17 mg/g, respectively, according to the Lang-
muir isotherm equation. The comparison the SMNZ'’s capacity value
for the sorption of AR18 with that for other adsorbents in literature
was revealed that SMNZ has higher sorption capacity for the dye in
comparison with peat and bone char. Thus, SMNZ could be a good
candidate for the removal of AR18 from aqueous solutions. The de-
veloped sorbent has a considerable potential for removal of acid dyes
and could be considered as a promising sorbent for other dyes and
other organic pollutants wherever the zeolite is abundant and cheap.
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