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ABSTRACT

In this research, nanocomposites of zeolite/acrylic acid were synthesized with different
amount of acrylic acid (AA) as monomer and ammonium persulfate (APS) as an initiator to
remove cationic dyes from wastewater in single and binary systems. Basic Red 46 (BR46)
and Basic blue 41 (BB41) were used as the cationic dyes. The surface characteristics of
nanocomposites were investigated using Fourier transform infrared spectra (FTIR) and scan-
ning electron microscope. FTIR results confirmed successful attachment of acrylic acid on
the zeolite surface. The influence of different factors such as initial monomer concentration
and amount of initiator on dye removal in single system, and adsorbent dosage, pH, and
initial dye concentration in single and binary systems were evaluated. The dye adsorption
isotherm and kinetics were studied. Results indicated that adsorption of BR46 and BB41
onto nanocomposites is well fitted with Langmuir isotherm and the rate of sorption was
found to conform to pseudo-second-order kinetic with good correlation. The maximum dye
adsorption capacity (Q0) of composites for two different amounts of AA and APS in
nanocomposite (0.17 mmol AA + 3.50 mmol APS and 0.26 mmol AA + 6.57 mmol APS) was
2,439.02 and 2,702.70 for BB41, 2,272.72 and 2,380.95 mg/g for BR46 in single system,
2,083.33 and 2,127.65 for BB41, 1,785.71 and 1,923.07 mg/g for BR46 in binary system.
Results illustrated that zeolite/acrylic acid nanocomposites could be suggested as an
efficient nanoadsorbent to remove cationic dyes from wastewaters.

Keywords: Composite materials; Chemical synthesis; Fourier transform infrared spectroscopy
(FTIR); Adsorption

1. Introduction

With the growing use of a variety of dyes, the
pollution from dye wastewater is becoming a major

environmental problem. It is known that there are
about 3,000 types of dyes in the world market [1].
Among them, synthetic dyes having potential toxicity
and low biodegradability. In this regard, some water-
soluble cationic dyes could particularly cause great
damage to natural ecosystems when they are*Corresponding author.
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discharged with wastewater [2]. Although some treat-
ment methods for removal of these dyes have been
developed, economic, and effective processing still
remains a significant issue. The methods of dye
removal from industrial wastewaters contain many
processes such as biological treatment, coagulation,
flotation, electrochemical techniques, adsorption, and
oxidation [3–8]. Among them, adsorption is consid-
ered to be relatively superior to other techniques
because of low cost, simplicity of design, availability,
and ability to treat dyes in more concentrated form
[9,10].

In general, absorbents can be divided into four cat-
egories including natural absorbents, biomass, acti-
vated carbon and synthetic polymers [11–15]. A
natural absorbent fit economically, but requires chemi-
cal modification. Salleh et al. used agricultural solid
wastes for cationic and anionic dye adsorption [16].
Biomass absorbent do not have toxic effect on micro-
organisms and have a good performance, but the pro-
cess is slow. Gao et al. removed heavy metals from
aqueous solutions by biochars derived from anaerobi-
cally digested biomass [17]. Activated carbon is the
most attractive absorbent with high absorption capac-
ity, but is inactive against dyes and expensive. In this
regard, Bouhamed et al. used active carbon for multi-
component adsorption of copper, nickel, and zinc
from aqueous solutions [18]. Polymer absorbent are
growing as an alternative in synthesis of absorbents
due to their high surface area, high mechanical
strength, and adjustable pore size distribution. In this
subject, Khairkar et al. produced chitosan-g-poly
(acrylic acid-co-acrylamide) composites for the
removal of heavy metals [19].

One of the minerals which are previously consid-
ered as an adsorbent is zeolite. This microporous com-
mercial mineral is composed of crystalline
aluminosilicates with three-dimensional structure. The
framework of SiO4 and AlO4 tetrahedral are linked
together by shared oxygen atoms to form the final
compound [20,21]. Sodalite as the simplest structure of
tetrahedral units is obtained by octagon plates. The
type of zeolite 4A is more recognized as it has more
open structure than sodilate (Fig. 1) [22,23]. The nega-
tive charge of zeolite 4A framework is neutralized by
Na+ and it has been utilized for adsorption of cationic
compounds [24].

Monomers can be polymerized onto different inor-
ganic particles to increase the adsorption capacity and
removal of pollutants [25]. It was previously shown
that poly (acrylic acid) as a super-absorbent polymer
can effectively absorb large amounts of dyes [26–28].
Moreover, kaolin/poly acrylic acid composites were
demonstrated for removal of dyes from wastewaters

[29]. Another study for the removal of Basic Fuch dye
by laponite/poly acrylamide nanocomposite has been
performed [30]. It is stated that methyl violet as a
cationic dye can be removed from aqueous solutions
by ternary nanocomposites of attapulgite/polyacrylic
acid/poly (acrylamide) [31].

However, to the best of the authors’ knowledge,
zeolite/acrylic acid nanocomposite has not yet been
synthesized for removal of cationic dyes from single
and binary systems. We used zeolite as an inorganic
substrate and acrylic acid as an absorbent monomer
for producing a nanoadsorbent. This is due to its
superior absorption properties in comparison with
many other inorganic particles, monomers, and
nanocomposites. Also, the influence of several param-
eters such as adsorbent amount, dye concentration,
and pH on the adsorption capacity was evaluated.
The equilibrium data have also been analyzed using
various adsorption isotherms.

2. Experimental work

2.1. Materials

Zeolite 4A (LTA, free diameter: 8-ring: 0.41 nm,
Si/Al ratio: ~1, Pores/ Channels: 3D Spherical

Fig. 1. Schematic diagram of the zeolite 4A crystal. Only
the oxygen atoms are shown and are represented by cir-
cles, with the size of circle indicating depth. Examples of
an oxygen eight-, six-, and four-ring are illustrated by bold
lines and labeled 8R, 6R, and 4R, respectively. The
oxygen atoms are labeled O(1), (2), and O(3) according to
convention [12].
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1.14 nm cavities) with chemical formula of Na12Al12-
Si12O48 supplied by Paksan Co. (Iran). Cetyltrimethyl
ammonium bromide (C16H33N

+ (CH3)3Br
−, CTAB),

acrylic acid (AA), ammonium persulfate (APS), and
sodium chloride (NaCl) were supplied by Merck
Chemical Co., Germany.

Basic Red 46 and Basic blue 41 as cationic dyes
were purchased from AlvanSabet Co. (Iran), and were
used without purification. The molecular structure of
the dyes is shown in Fig. 2.

2.2. Synthesis of zeolite–acrylic acid nanocomposites

Preparation of zeolite–acrylic acid nanocomposites
was performed by a two-step method. First, 2 g of
zeolite was dispersed in distilled water with 10%
(o.w.f) CTAB (70%) and 10% (o.w.f) NaCl and stirred
for 3 h at 80˚C, then centrifuged and washed by suc-
cessive agitations/centrifugation with distilled water
for several times. The wet paste was fully dried at
50˚C [32–34]. Second, various amounts of AA (0.17
and 0.26 mmol) and APS (3.50 and 6.57 mmol) were
added to the zeolite with different stirring time (3 and
4 h) at 70˚C. Finally, all the samples were centrifuged
and washed by successive agitations/centrifugation
with distilled water and dried at 60˚C.

2.3. Characterizations

The chemical specifications of produced
composites were examined by the Fourier transform
infrared (FTIR) spectroscopy (ThermoNicolet NEXUS

870 FTIR (Nicolet Instrument Corp., USA)). The
surface morphology of nanocomposites was investi-
gated using a scanning electron microscope (SEM,
LEO1455VP, ENGLAND). Furthermore, nanocompos-
ites were also determined by energy dispersive X-ray
microanalysis (EDX) attached to the SEM. The
released acrylic acid from nanocomposites was tested
by a TOC analyzer (TOC-L shimadzu). The thermo-
gravimetric analysis (TGA) was performed on a Per-
kin Elmer thermoanalyzer (Pyris diamond SII). In
each case, a 5 mg sample was examined under a N2

at a heating rate of 5˚C/min from 50 to 600˚C.
Surface chemical characterization was performed by
X-ray photoelectron spectroscopy (XPS) using a
Thermo ESCALAB 280 system with Al/Kα
(hv = 1,486.6 eV) anode mono X-ray source. The graft-
ing yield was determined as follows:

Grafting yield %ð Þ ¼ Wg �W0

W0
� 100 (1)

where Wg and W0 are the weight of zeolite before and
after the grafting process, respectively.

2.4. Batch adsorption and decolorization experiments

BR46 and BB41 were selected as pollutants to eval-
uate the adsorption capacity of the zeolite–acrylic acid
nanocomposites. The maximum wavelength (λmax)
used for determination of the residual concentration of
BR46 and BB41 in the supernatant solution using
UV–vis spectrophotometry (CECIL 2021) were 530 and
590 nm, respectively.

The adsorption measurements were conducted by
mixing the nanocomposites in a batch containing
200 mL of a dye solution (40 mg/L) at pH of 6.8.

The effect of adsorbent dosage on dye removal in
single and binary systems was investigated by contact-
ing 200 mL of dye solution (40 mg/L) at room temper-
ature and pH 6.8 for 60 min. Different amounts of
adsorbent (8 × 10−4–7 × 10−3 g) were applied.

The effect of pH on dye removal in single and bin-
ary systems was conducted by adding 0.004 g adsor-
bent, and 200 mL of dye solution (40 mg/L) at
different pH values (3.1, 6.8, and 9.1). The pH of each
solution was adjusted to a desired value using HCl or
NaOH solution.

The effect of initial dye concentration on the dye
removal in single system was studied by adding
0.004 g of adsorbent to different dye concentrations
(40, 60, 80, and 100 mg/L) at pH 6.8, and 200 mL of
dye solution. For a binary system, components A and

Fig. 2. Chemical structure of (A) Basic Red 46 (BR46) with
401.3 molecular weight and (B) Basic Red 41 (BB41) with
296.37 molecular weight.
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B were measured at λ1 and λ2, respectively, to give
optical densities of d1 and d2 [31]:

CA ¼ KB2d1 � KB1d2
KA1KB2 � KA2KB2

(2)

CB ¼ KA1d2 � KA2d1
KA1KB2 � KA2KB2

(3)

where KA1, KB1, KA2, and KB2 are the calibration con-
stants for components A and B at the two wavelengths
λ1 and λ2, respectively.

The amounts of decolorization were determined as
a function of time according to the following equation:

Dec % ¼ A0�A

A0
� 100 (4)

where A0 and A are dye concentration at t = 0, t.

Fig. 3. FTIR spectra of the (A) untreated zeolite, (B) zeolite treated with 0.17 mmol AA and 3.50 mmol APS for 3 h, (C)
zeolite treated with 0.17 mmol AA and 3.50 mmol APS for 4 h, (D) zeolite treated with 0.26 mmol AA and 6.57 mmol
APS for 3 h, and (E) zeolite treated with 0.26 mmol AA and 6.57 mmol for 4 h.
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3. Results and discussions

3.1. Chemical characterization of nanocomposites by FTIR
spectra

In order to investigate the chemical properties of
nanocomposites, the FTIR spectra of untreated zeolite

and various nanocomposites (B–E) are shown in
Fig. 3. FTIR spectrum of untreated zeolite showed a
broad peak at 3,449.5 cm−1 corresponding to stretching
vibration of surface hydroxyl groups. The peaks
appeared at 1,662.81, 1,003.18, 671.61, and 555.48 cm−1

correspond to the H–O–H bending vibration of free or

Fig. 4. SEM images (A) untreated zeolite, (B) zeolite treated with 0.17 mmol AA and 3.50 mmol APS for 3 h, (C) zeolite
treated with 0.26 mmol AA and 6.57 mmol APS for 3 h, (D) zeolite treated with 0.17 mmol AA and 3.50 mmol APS for4 h,
and (E) zeolite treated with 0.26 mmol AA and 6.57 mmol APS for 4 h.
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absorbed water, stretching vibration Si–O–Al band
[35], symmetric stretch of Si–O–Si bond [36], and
bending vibrations of Si–O [37], respectively. The OH
stretching band appeared in the region between 3,100
and 3,500 cm−1 for all nanocomposites. In the spectra
of nanocomposites, the exhibition of peaks at 2,964,
1,471.43, 1,415.63, 807.81, and 622.04 cm−1 attributed to
the CH2 bending vibrations, CH3 bending vibrations,
CH out of plane bending and CH out of plane defor-
mation of composites, respectively [38]. The C=O
stretching vibrations appeared at 1,729 cm−1 is
assigned to COOH groups in the composites [39] con-
firming successful attachment of acrylic acid on the
zeolite surface.

3.2. SEM analysis

SEM is one of the best methods to study the mor-
phology and appearance of adsorbents. This instru-
ment is useful for determining the particle shape and
size distribution as well as porosity. Fig. 4 showed
SEM images of untreated zeolite and various zeolite–
acrylic acid nanocomposites. The porosity of untreated
zeolite has a size of approximately 0.4–0.7 nm [40] so,
acrylic acid monomer cannot polymerize into the zeo-
lite pores perforce, and it was formed on the zeolite
surface. As can be seen from images, porous network
was further developed in prepared nanocomposites.

3.3. Evaluation of nanocomposites by TOC, TGA, and
mapping

In order to evaluate the structure of nanocompos-
ites and possibility of acrylic acid releasing, TOC,
TGA, and Map analyses were performed and results
are shown in Table 1 and Figs. 5 and 6, respectively.

As can be seen from Table 1, TOC values for dis-
tilled water and nanocomposites after immersion in
distilled water are close together. TOC result proved
that acrylic acid was not released from nanocompos-
ites. Fig. 5 showed the TG thermogram of produced
nanocomposite samples. As can be seen, zeolite
showed a two-stage weight loss. The first stage
occurred at around 160˚C and, the weight loss was
about 19%. This weight loss is due to the physical
water loss. The second stage is around 220˚C with the
weight loss of 5%. Evaporation of the chemically
absorbed water can be the reason of weight loss at
second stage [41].

According to Fig. 5, zeolite–acrylic acid nanocom-
posites showed a three-stage weight loss in the range
of 170–650˚C. The weight loss in the first stage is
about 7% before 170˚C due to evaporation of physical
absorbed water. Moreover, the samples have experi-
enced two major weight-loss stages with distinct sepa-
ration. The results showed that the main thermal
decomposition process is in the range of 230–470˚C,
resulting from the chain scission of macromolecular
framework and the formation of stable intermediates.
Third stage starts at around 550˚C, involving decom-
position of the carbonized products. With the addition
of polymer, the decomposition became harder due to
the increase in the activation energy required for ther-
mal degradation [42]. The three-stage decomposition
features for the zeolite (0.17 mmol AA + 3.50 mmol
APS, 4 h) and zeolite (0.26 mmol AA + 6.57 mmol, 4 h)
are identical. For zeolite (0.26 mmol AA + 6.57 mmol,
4 h), the amount of weight loss is lower until 210˚C
probably due to existence of more hydrophilic group
that can absorb water. Moreover, the weight loss
increased after 210˚C. This is due to degradation of
the higher amount of polymer in the zeolite
(0.26 mmol AA + 6.57 mmol, 4 h) sample. From TGA
analysis, generation of zeolite–acrylic acid nanocom-
posites is confirmed.

Table 1
TOC values

Sample Distilled water Zeolite (0.17 mmol AA + 3.50 mmol APS, 4 h) Zeolite (0.26 mmol AA + 6.57 mmol, 4 h)

TOC value 0.010 0.009 0.011

Fig. 5. TGA curves of zeolite together with produced
nanocomposites.
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Fig. 6 represented the MAP images from nanocom-
posites. It is obvious that carbon element related to
acrylic acid is well dispersed on the zeolite surface.
Distribution of Si and Al attributed to zeolite which is
homogenous. Also, EDAX analysis showed the

presence of carbon on zeolite surface which is
increased with an increase in acrylic acid in nanocom-
posites. A homogenous distribution of elements in
produced nanocomposites proves successful synthesiz-
ing of zeolite–acrylic acid nanocomposites.

Fig. 6. Map and EDX images (A) zeolite treated with 0.17 mmol AA and 3.50 mmol APS for4 h and (B) zeolite treated
with 0.26 mmol AA and 6.57 mmol APS for 4 h.
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3.4. Optimization of grafting conditions

XPS result showed that the amount of carbon and
oxygen increased after the grafting of acrylic acid on
the surface of zeolite (Table 2). Also, gravimetry analy-
sis showed that the weight of zeolite increased about
32.8 and 42.1% for zeolite (0.17 mmol AA + 3.50 mmol
APS,4 h) and zeolite (0.26 mmol AA + 6.57 mmol, 4 h),
respectively.

3.5. Effect of initial monomer concentration

The effect of initial AA concentration on removal
of BR46 and BB41 in single system is shown in Fig. 7.
The dye adsorbency is increased with the increase in
AA concentration. It can be stated that the number of
adsorption sites increases with increasing the amount
of acrylic acid to 0.26 mmol. However, results showed
that the dye adsorption decreases for higher concen-
trations of 0.26 mmol due to saturation of zeolite func-
tional domains by acrylic acid. It can also be
expressed that polymerization time has a little effect
on dye removal. Therefore, we used concentrations of
0.17 and 0.26 mmol as the optimum concentrations for
further studies.

3.6. Effect of initiator’s concentration

Fig. 8 showed the effect of initiator content on dye
adsorption of BR46 and BB41 by nanocomposites in
single system. The dye adsorption increases as APS
content increases, and decreases further by increasing
the content of APS. The relation between the average
kinetic chain length (υ) and concentration of the initia-
tor in free-radical polymerization is given by the
following equation [30]:

t ¼ 1

2
kpðfkiktÞ�

1
2 I½ ��1

2 M½ � (5)

where kp, ki, and kt are the rate constants for propaga-
tion, initiator, and termination, respectively; f is the
efficiency of initiation by the initiator; and [I] and [M]
are the initial concentration of the initiator and mono-
mer, respectively. According to Eq. (4), the molecular
weight in free-radical polymerization is decreased
with an increase in initiator’s concentration. With
decreasing the molecular weight, the relative amount
of polymer chain ends increases. As it was previously
shown, the polymer chain end groups do not

Table 2
XPS analysis and gravimetry method of different synthesized nanocomposites

Analysis Element Zeolite
Zeolite
(0.17 mmol AA + 3.50 mmol APS, 4 h)

Zeolite
(0.26 mmol AA + 6.57 mmol, 4 h)

XPS Oxygen (O) 43.3% 51.1% 55.4%
Carbon (C) 0 20.3% 27.2%

Gravimetry Weight 2.0 g 2.98 g 3.45 g

Fig. 7. Effect of the initial AA concentration on dye adsorption properties of nanocomposite produced by 3.50 mmol ini-
tiator and 2 gr zeolite, (A) BB41 and (B) BR46.
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contribute in the dye adsorption of nanocomposites
[43]. Therefore, the increase in initiator content is
responsible for decreasing the dye adsorption. How-
ever, further decreases in APS content below the opti-
mum values are accompanied by a decrease in
adsorbency of the prepared nanocomposite. This result
may be attributed to a decrease in the number of radi-
cals produced as the content of APS decreases. As the
network cannot form efficiently with small number of
radicals in the free-radical polymerization, this may
result in the decrease in the dye adsorption. This is
further confirmed by Pottier et al. [43].

According to Sections 3.3 and 3.4, it is obvious that
there is negligible difference in dye removal ability of

the synthesized composites with polymerization
time of 3 and 4 h. Thus, we chose nanocomposites
obtained by 0.26 mmol: AA/6.57 mmol: APS, 3 h and
0.17 mmol: AA/3.50 mmol: APS, 3 h as optimum
adsorbents for further studies.

3.7. BR46 and BB41 adsorption time studies for zeolite and
synthesized nanocomposites

Fig. 9 showed the effect of duration of dye removal
of BR46 and BB41 from the solutions in single and
binary systems. Various nanocomposites were pre-
pared for comparing with untreated zeolite and we
concluded that adsorption capacity of BR46 and BB41

Fig. 8. The effect of initiator’s concentration on dye adsorption of superabsorbent nanocomposites, (A) nanocomposite
containing 0.17 mmol AA for BB41 dye, (B) nanocomposite containing 0.17 mmol AA for BR46 dye, (C) nanocomposite
containing 0.26 mmol AA for BB41 dye, and (D) nanocomposite containing 0.26 mmolAA for BR46 dye.
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increased about 82.4 and 83.35% for the nanocompos-
ites with 0.17 mmol AA + 3.50 mmol APS and
0.26 mmol AA + 6.57 mmol: APS, respectively. With
increasing the amount of AA in composites, the
number of active sites (COOH) distributed on the
surface of adsorbent increased, therefore the dye
removal ability enhanced. It is evident from the equi-
librium studies that equilibrium adsorption capacities
decreased in the binary system (as compared to single
dye system). Decreasing in the overall uptake capacity
of the dyes in binary system is because of the presence
of other dye due to the antagonistic interaction
between dyes [44].

3.8. The effect of adsorbent dosage

The effect of adsorbent dosage on the removal of
BR46 and BB41 in single and binary systems after one
hour is given in Fig. 10. The possibility of interaction
between nanocomposite particles and pollutants

depends on the amount and type of adsorption sites
in solution [44]. As can be seen, the adsorption pro-
cess was initially rapid and then it slowed down,
reached the equilibrium. Rapid adsorption of dyes at
the initial minutes is due to a great number of vacant
adsorption sites existing for interaction with dyes [45]
and the high concentration of dye. Adsorption rate
was after further treatment decreased because of satu-
ration of the adsorptive sites as well as a decrease in
the dye concentration.

With increasing the adsorbent dosage, the adsorp-
tion percent increases, but adsorption capacity
decreases. An increase in adsorption percent can be
attributed to more available adsorption sites at the
nanocomposites surface; whereas the decrease in
adsorption capacity is due to remain some of the
adsorption sites unsaturated during the adsorption
process.

According to Fig. 10, there was not considerable
change in the removal of dyes for adsorbents with

Fig. 9. The effect of duration of dye removal single and binary systems, (A) BB41 (sin), (B) BR46 (sin), (C) BB41 (bin), and
(D) BR46 (bin).
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0.005 and 0.007 g in single and binary systems; thus
we considered 0.005 g of adsorbent as an optimal
value for adsorption of both dyes in single and binary
systems for further experiments.

3.9. Effect of initial dye concentration

Effect of initial dye concentration on removal of BR46
and BB41 in single and binary systems was studied and
results are shown in Fig. 11. It can be seen that the dye
removal percentage is decreased as the initial concentra-
tion of dye increased. Such a decrease is because of
increasing the number of dye molecules against the con-
stant adsorption sites of nanocomposites. It can be

further stated that repulsion phenomenon occurs
between adsorbed dye molecules on one hand and dye
molecules in the aqueous solution on the other hand
resulting to a decrease in removal percentage of dye
from solution. The amount of the dye adsorbed onto the
surface of composites increases with an increase in the
initial dye concentration of solution. This can be due to
an increase in the driving force of the concentration gra-
dient at the higher initial dye concentration [46].

3.10. Effect of pH of solution on dye adsorption

The solution pH plays an important role in the
adsorption behavior of nanocomposites. The pH of

Fig. 10. Effect of adsorbents dosage on dye removal from single and binary systems by (A) zeolite treated with 0.14 mmol
AA and 3.50 mmol APS for BB41 (sin), (B) zeolite treated with 0.17 mmol AA and 3.50 mmol APS for BR46 (sin), (C) zeo-
lite treated with 0.26 mmol AA and 6.57 mmol APS for BB41 (sin), (D) zeolite treated with 0.26 mmol AA and 6.57 mmol
APS for BR46 (sin), (E) zeolite treated with 0.17mmolL AA and 3.50 mmol APS for BB41 (bin), (F) zeolite treated with
0.17 mmol AA and 3.50 mmol APS for BR46 (bin), (G) zeolite treated with 0.26 mmol AA and 6.57 mmol APS for BB41
(bin), and (H) zeolite treated with 0.26 mmol AA and 6.57 mmol APS for BR46 (bin).
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solution affects the surface charge of adsorbent, degree
of ionization of the dye in solution and separation of
functional groups on the active sites of adsorbent and
solution chemistry. Influence of solution pH on dye
removal by nanocomposites in single and binary sys-
tems are shown in Fig. 12. As it can be seen in Figures
(A)–(D), the adsorption efficiency at pH 6.8 is higher
than other pHs. At low pH medium, removal percent-
age of dye is decreased due to the competition
between H+ ions and dye molecules in the solution.
On the other hand, pH of alkaline behaves different in
adsorption and dye molecules are possibly interacting
with OH-ions in solution resulting to decrease the dye
affinity to nanocomposites.

3.11. Adsorption isotherms

Equilibrium relationships between sorbent and sor-
bet are described by sorption isotherms, which is the

ratio between the quantity of sorbet and that remained
in solution at a fixed temperature of equilibrium. In
order to optimize the design of an adsorption system,
it is important to establish the most appropriate corre-
lation for the equilibrium curve [47]. In dye adsorp-
tion system, they present how the dye molecule can
be distributed between the liquid and solid phases at
various equilibrium concentrations and the relation
between the mass of dye adsorbed per unit mass of
adsorbent and liquid phase dye concentration at
equilibrium.

Langmuir, Freundlich, and Temkin isotherms were
used in this work. The Langmuir model that has been
successfully applied to many adsorption processes
[47–49] can be written as following equation:

qe ¼ Q0KLCe

1þ KLCe
(6)

Fig. 10. (Continued).
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where qe is the amount of dye adsorbed on the
nanocomposites at equilibrium, Ce is the equilibrium
concentration of dye solution, KL is the equilibrium
constant, and Q0 is the maximum adsorption capacity.
Langmuir isotherm assumptions are: (i) adsorption
takes place as a monolayer on the surface of adsorbent
and the thickness of this layer is equal to one adsorbed
molecule; (ii) adsorption can only occur at a finite
number of localized sites that are identical and equiva-
lent, with no interaction and steric hindrance between
the adsorbed molecules or adjacent sites [50,51].

The linear form of Langmuir equation is:

Ce

qe
¼ 1

KLQ0

þ Ce

Q0

(7)

Isotherm data was also studied by the Freundlich
isotherm, which can be expressed by following
equation [52,53]:

qe ¼ KFC
1
n
e (8)

Fig. 11. Effect of initial dye concentration on dye removal from single and binary systems by (A) zeolite treated with
0.17 mmol AA and 3.50 mmol APS for BB41 (sin), (B) zeolite treated with 0.17 mmol AA and 3.50 mmol APS for BR46
(sin), (C) zeolite treated with 0.26 mmol AA and 6.57 mmol APS for BB41 (sin), (D) zeolite treated with 0.26 mmol AA
and 6.57 mmol APS for BR46 (sin), (E) zeolite treated with 0.17 mmol AA and 3.50 mmol APS for BB41 (bin), (F) zeolite
treated with 0.17 mmol AA and 3.50 mmol APS for BR46 (bin), (G) zeolite treated with 0.26mmolAA and 6.57 mmol APS
for BB41 (bin), and (H) zeolite treated with 0.26 mmol AA and 6.57 mmol APS for BR46 (bin).

A. Almasian et al. / Desalination and Water Treatment 57 (2016) 20837–20855 20849



where KF is the adsorption capacity at unit concen-
tration and is the adsorption intensity which ranges
between 0 and 1 is a measure of adsorption intensity
or surface heterogeneity, becoming more heteroge-
neous as its value gets closer to zero. Whereas, a
value below unity implies chemisorptions process
where above one is an indicative of cooperative
adsorption. The basic assumption of this model is
that there is an exponential variation in site energies
of adsorbent, and also surface adsorption is not a
rate-limiting step [54]. Eq. (8) can be rearranged to a
linear form:

log qe ¼ log KF þ 1

n
log Ce (9)

The Temkin isotherm is given as:

qe ¼
RT

b lnðKTCeÞ (10)

Linearized form of Eq. (9) is written as:

qe ¼ B1 ln KT þ B1 ln Ce (11)

where

B1 ¼ RT

b
(12)

Fig. 11. (Continued).
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KT is the equilibrium binding constant (L/mol) corre-
sponding to the maximum binding energy and con-
stant B1 is related to the heat of adsorption. T is also
the absolute temperature (K), and R is the universal
gas constant (8.314 J/mol/K).

The basic assumption of this isotherm is that heat
of adsorption (function of temperature) of all mole-
cules in the layer would decrease linearly rather than
logarithmic with coverage [55]. As implied in the
equation, its derivation is characterized by a uniform

distribution of binding energies (up to some maxi-
mum binding energy).

In order to determine the constants in Langmuir,
Freundlich, and Temkin isotherms, a plot of Ce/qe vs.
Ce, log qe vs. log Ce and qe vs. ln Ce were drawn,
respectively. The coefficient values for isotherms are
shown in Table 3.

R2 value for Langmuir isotherm model showed
that the dye removal isotherm for BR46 and BB41 in
single and binary systems can be approximated as

Fig. 12. Effect of pH of solution on dye removal from single and binary systems by (A) zeolite treated with 0.17 mmol
AA and 3.50 mmol APS for BB41 (sin), (B) zeolite treated with 0.17 mmol AA and 3.50 mmol APS for BR46 (sin), (C) zeo-
lite treated with 0.26 mmol AA and 6.57 mmol APS for BB41 (sin), (D) zeolite treated with 0.26 mmol AA and 6.57 mmol
APS for BR46 (sin), (E) zeolite treated with 0.17 mmol AA and 3.50 mmol APS for BB41 (bin), (F) zeolite treated with
0.17 mmol AA and 3.50 mmol APS for BR46 (bin), (G) zeolite treated with 0.26 mmol AA and 6.57 mmol APS for BB41
(bin), and (H) zeolite treated with 0.26 mmol AA and 6.57 mmol APS for BR46 (bin).

A. Almasian et al. / Desalination and Water Treatment 57 (2016) 20837–20855 20851



Langmuir model. This means that the adsorption of
the dyes takes place at specific homogeneous sites by
functional domains of nanocomposites.

3.12. Adsorption kinetics

Adsorption kinetics provided information regard-
ing the mechanisms of adsorption that are important
for the efficiency of the process. In order to design an
effective model, investigation was made on the
adsorption rate. Several kinetics models (pseudo-first-
order, pseudo-second-order, and intraparticle diffu-
sion) are used to test the experimental data such as
the examination of the controlling mechanism of the
adsorption process [56,57]. A linear form of pseudo-

first-order model was described by Lagergren as
following equation:

dqt=dt ¼ K1ðqe � qtÞ (13)

where qe is the amount of dye adsorbed at equilibrium
(mg/g), qt is the amount of dye adsorbed at t time
(mg/g) and K1 is the equilibrium rate constant of
pseudo-first-order adsorption (min−1).

The pseudo-second-order adsorption model, in its
final form, can be expressed as follows [58]:

logðqe � qtÞ ¼ logðqeÞ � K1

2:303
t (14)

Fig. 12. (Continued).
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where qe is the amount of dye adsorbed at equilibrium
(mg/g), qt is the amount of dye adsorbed at t time
(mg/g), and K1 is the equilibrium rate constant of
pseudo-first-order adsorption (min−1).

The pseudo-second-order adsorption model, in its
final form, can be expressed as follows [58]:

t

qt
¼ 1

Kq2e
þ 1

qe
t (15)

The possibility of intraparticle diffusion resistance
affecting adsorption is explored using the intraparticle
diffusion model as:

qt ¼ kpt
1
2 þ I (16)

where kp and I are the intraparticle diffusion rate con-
stant and intercept, respectively. Values of I give an
idea about the thickness of the boundary layer, i.e. the
larger intercept the greater is the boundary layer effect
[59]. To understand the applicability of the intraparti-
cle diffusion, pseudo-second-order and pseudo-first-
order, linear plots of qt against t

1/2, t/qt vs. t and log
(qe − qt) vs. t at different dye concentrations [(40, 60,
80, and 100) mg/L] are plotted, respectively. The
kinetic constants for dye adsorption are shown in
Table 4 as supplementary data.

Results illustrated that the rates of sorption con-
form to the pseudo-second-order kinetic model with
good coefficients of determination. In addition, the
experimental qe ((qe)Exp.) values consistent with the

calculated ones ((qe)Cal.), obtained from the linear plots
of pseudo-second-order kinetics.

Such a result confirming that the chemical adsorp-
tion of dye into the adsorbent is more than the
physical one [60,61].

4. Conclusion

In this research, zeolite–acrylic acid nanocomposite
was synthesized as a function of the monomer and cata-
lyst concentration as well as duration of process. Pre-
pared nanocomposites were further considered for the
removal of BR46 and BB41 dyes in single and binary
systems. Incorporation of acrylic acid on the zeolite can
improve significantly the adsorption capacity of com-
posites and adsorption had highest efficiency at pH 6.8.
Results illustrated that the overall uptake capacity of the
dyes in binary system decreased because of the presence
of other dye due to the antagonistic interaction between
dyes. The experimental results were analyzed using the
Langmuir, Freundlich, and Temkin models and the cor-
relation coefficient of model in single and binary sys-
tems are fitted to Langmuir equation. The data indicated
that the adsorption kinetics of dyes on the composites in
single and binary systems follow the pseudo-second-
order rate expression. This study demonstrates that zeo-
lite–acrylic acid nanocomposite is a useful material for
the removal of basic dyes from effluents.

Supplementary material

The supplementary material for this paper is avail-
able online at http://dx.doi.10.1080/19443994.2015.
1112841.

Table 3
Correlation coefficient for adsorption isotherms on zeolite/AA nanocomposites

Adsorbent Dye

Langmuir Freundlich Temkin

R2 Q0 (mg/g) KL R2 1/n KF R2 B1 KT (L/mol)

0.17 mmol AA + 3.50 mmol APS Single
BB41 0.998 2,439.02 0.488 0.897 0.157 1,318.25 0.909 295.91 68.03
BR46 0.999 2,272.72 0.354 0.901 0.176 1,114.29 0.894 308.99 24.28
Binary (BB41 + BR46)
BB41 0.999 2,083.33 0.263 0.882 0.169 933.25 0.904 304.13 12.67
BR46 0.996 1,785.71 0.314 0.870 0.188 891.25 0.874 248.58 20.69

0.26 mmol AA + 6.57 mmol APS Single
BB41 0.996 2,702.70 0.596 0.910 0.146 1,513.56 0.927 291.26 181.86
BR46 0.999 2,380.95 0.415 0.917 0.175 1,218.98 0.915 323.9 30.56
Binary (BB41 + BR46)
BB41 0.999 2,127.65 0.376 0.887 0.169 1,071.51 0.906 285.75 28.30
BR46 0.996 1,923.07 0.335 0.864 0.172 939.72 0.869 275.87 17.46
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