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ABSTRACT

In the present study, the adsorption process was employed for removal of Reactive Yellow 81
(RY81) from aqueous solutions using a magnetically separable Fe,O,/Organo-montmorillonite
(OMt) nanocomposite as an adsorbent. The synthesized material, which is composed of Fe,O,,
dodecyl trimethyl ammonium bromide (DTAB) and montmorillonite (Mt), was characterized
by X-ray diffraction (XRD), scanning electron microscopy (SEM) and Fourier transform infra-
red spectroscopy (FTIR) analyses. Characterization results confirmed the well integration and
incorporation of Fe,O, nanoparticles and DTAB molecules into the Mt clay galleries. The removal
efficiency of RY81 was examined at 20°C, and studied as a function of adsorbent amount (0.5-2.0
g/L), initial dye concentration (20-100 mg/L), initial pH (2-11) and contact time (0-60 min).
According to the experimental results, the removal efficiency decreased with the increasing ini-
tial dye concentration and pH. Besides, the optimum adsorbent dosage was determined as 1.25
g/L. The removal efficiency of 84.29% was achieved with the adsorbent dosage of 1.25 g/L, the
initial dye concentration of 20 mg/L, the residence time of 60 min and the pH of 7.40. Experi-
mental data were analyzed using different equilibrium isotherms such as Langmuir, Freundlich,
Temkin, BET, Dubinin-Radushkevich and Harkins-Jura isotherms. The analysis results indicated
that the adsorption process fitted well to pseudo-second-order, intra-particle diffusion kinetics
and the Langmuir model. In addition, the adsorption occurs through the physical interactions
and increases the adsorbed amount of anionic dye molecules by increasing the partial positive
surface charge.Overall results have suggested that the Fe,O,/OMt can be used as a promising
adsorbent in adsorption process for the applications of dye removal from aqueous solutions.
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1. Introduction

The various kinds of synthetic dye and pigments
released from various industries such as paper, textile, plas-
tic, leather and food are the main organic pollutant com-
pounds in wastewater [1,2]. The presence of these dyes has
detrimental effects on humans and environment because
of their carcinogenic and toxic content [3]. Therefore, dis-
charging of these effluents into the receiving body without
any treatment is really important in terms of the environ-
mental point of view [1,4]. The anionic Reactive Yellow 81
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(RY81) dye used in this study is very stable to sunlight, and
has a considerable resistance to biodegradation and natural
oxidizing agents [5].

Various chemical and physical methods such as ozo-
nation, adsorption, advanced oxidation processes, coag-
ulation/flocculation, membrane filtration and biological
treatment techniques are used to reduce hazardous pollut-
ants present in the effluents [6-10]. Among these methods,
the adsorption process has attracted great interest due to its
simplicity, high efficiency and low cost [11,12]. Especially
activated carbon, an effective adsorbent for the removal
of dissolved organic substances, is widely used in the
adsorption studies. However, the use of activated carbon
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is restricted due to its high processing costs and the limita-
tions in its applications [13,14]. To overcome these disad-
vantageous situations related to the activated carbon usage,
new and cheaper alternative adsorbents have been studied
by many researchers [14]. Clay is one of the alternative
adsorbents for the mentioned applications due to its low
cost, abundance, mechanical and chemical stability, non-
toxic and environmentally friendly nature [15].

The pristine clay can play an important role in elimi-
nating neutral organic contaminants due to the low charge
density on its surface [16]. However, pure clay is not effec-
tive enough to remove some anionic contaminants from
aqueous solutions. Therefore, it should be modified with
proper chemicals for the effective removal of negatively
charged contaminants. The most widely used method for
this purpose is the ion exchange where inorganic cations
in the interlayer galleries of clay are commonly replaced by
organic cations of quaternary ammonium salts [14,15]. In
addition, impregnation of a super-paramagnetic nanopar-
ticle, such as Fe,O,, with montmorillonite clay has been
recently used for the removal of contaminants since the
resultant nanocomposite does not need to be centrifuged
or filtered. Nowadays, the usage of magnetic adsorbents to
deal with environmental issues is of great interest because
the magnetic adsorbents can be easily separated from the
area by a simple magnet after the adsorption process [17].

In this work, a nanocomposite material was first synthe-
sized from magnetic Fe,O, nanoparticles, cationic dodecyl
trimethyl ammonium bromide (DTAB) surfactant and neg-
atively charged montmorillonite (Mt) under sonication.
The obtained super-paramagnetic Fe,O,/Organo-mont-
morillonite (OMt) nanocomposite was then used as the
adsorbent to effectively remove Reactive Yellow 81 (RY81)
as a model pollutant from aqueous solutions. The selection
of this anionic dye is due to its great importance in water
treatment. The experimental variables, namely adsorbent
amount, initial dye concentration, contact time and pH
were selected to evaluate the removal efficiency. In order
to better explain the adsorption mechanism, the kinetic and
equilibrium studies of removal RY81 with Fe,O,/OMt were
also accomplished. To sum up, the aim of this study was
to prepare a nanocomposite and use it as an adsorbent for
removal of an anionic dye.

2. Experimental
2.1. Materials

K10 Montmorillonite (Mt) used in the study was pur-
chased from Sigma-Aldrich Co. (USA). It has a surface area
of 279.28 m*/g, and consists of SiO,, ALO,, Fe,O,, MgO,
Ca0, Na,0, and K,0 with 66.9, 13.8, 2.8, 1.6, 0.3, 0.2 and
1.7% by weight, respectively. The cation-exchange capacity
(CEC) of the Mt sample, which is 120 meq/100 g, was deter-
mined by the ammonium acetate method. In this method,
a certain amount of Mt sample was first mixed with the 10
ml 0.1 M ammonium acetate solution. The suspension was
then subjected to ultrasonic bath treatment for 24 h. After
that, the supernatant was removed by centrifugation, and a
new salt solution was obtained. 10 ml of distilled water was
then added to remove excess salt from the clay suspension.
All of the supernatant fractions collected for each treatment

were combined to have a considerable volume, and then
analyzed for their metallic cations by atomic absorption
spectroscopy. The CEC of the Mt was eventually calculated
from the division of the measured cations™ quantities by the
mass of the dried Mt sample [15,18,19].

The analytical grade anionic RY81 dye was bought from
Haining Deer Chemical Co. (China), and used without any
further treatment. The chemicals used for the synthesis of
magnetic Fe,O, were FeCl,.6H,O, FeSO,-7H,O and dodecyl
trimethyl ammonium bromide (DTAB). They were all ana-
lytical grade and purchased from Sigma Aldrich Co. All of
the other chemicals and reagents used were also analytical
grade, and they were provided from Merck (Germany).
Distilled water was used throughout the experiments. The
structure and properties of the RY81 and DTAB are illus-
trated in 1.

2.2. Preparation of magnetic Fe,O

Firstly, 1 g of the K10 Mt was dispersed in 100 mL dis-
tilled water and stirred at 250 rpm for 24 h using a thermo-
static shaker at the constant temperature of 20°C. Then, an
aqueous dispersion was formed, in which Na montmoril-
lonite was expanded by swelling and reached homogene-
ity. Meanwhile, 1.050 g FeCl,-6H,O and 0.600 g FeSO,-7H,O
were added into 50 mL distilled water, and the ratio “of fer-
rous to ferric ions in the solution was adjusted to 1.0/1.8 by
this way. After that, 10 mL NH, solution (8M) was added
drop by drop to generate magnetic iron oxide under N,
atmosphere [20]. In order to examine the effect of Fe,O,
amount in composite material, 0.5 gram of the synthesized
Fe,O, nanoparticles (Mt/Fe,O, = 1/2) were separately added
to the DTAB solution (1.0 CEC of Mt), and then continuously
sonicated for 8 h to produce monodispersed Fe,O,. At the
end of the sonication, nano-crystalline particles stabilized by
DTAB were eventually formed [21]. The obtained nanoparti-
cles was then mixed with the previously prepared K10 mont-
morillonite suspension, and stirred slowly for 24 h. Greyish
black precipitates were finally obtained, and washed with
distilled water and ethanol successively for several times to
remove the residual ions. The resultant obtained magnetic
Fe,O,/OMt nanocomposite was then dried in vacuum at
room temperature, and finally stored in a closed vessel until
its use in the experiments. In order to emphasize the higher
adsorption efficiency of the new Fe,O,/OMt adsorbent, the
experiments were also carried out using DTAB/Mt adsor-
bent under the same conditions. This time organo-clay sam-
ple was prepared by adding DTAB solution (1 CEC of Mt)
into aqueous suspension of 1g K10 Mt.

/OMt nanocomposite

2.3. Characterization of magnetic Fe,O,/OMt nanocomposite

The crystalline structure of as-prepared samples was
examined via XRD analysis with Cu-Ka radiation (40 kV,
30 mA, 1.54051 A) over a 20 range from 5° to 70° at room
temperature (PANalytical Empyrean X-Ray Diffractom-
eter, USA). The surface morphologies of magnetic Fe,O,/
OMt nanocomposites were observed using a high-resolu-
tion scanning electron microscope (SEM). Fourier transform
infrared (FTIR) spectra were recorded on a Tensor 27, Bruker
(Germany), in a wavenumber range of 4000-400 cm™ by
using the KBr pellet technique.
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Table 1
Chemical structure and characteristics of RY81 and DTAB
C.I.name Chemical structure Chemical structure M (gmol™) A (nm) CMC (mol/L)
Reactive yellow 81 C,,H,,C N NaO,S, =“::i} n §s°i‘amc 1632.18 394
W34 ”K\EZ
cr>~ N HO
B SOsNa| 2
DTAB CH,(CH,),,N(CH,) Br CHj 308.34 15.10 10-° (4810
.\ _ mg/L)
CHj
The pH of zero point charge (pHch) for the magnetic (C _C )
Fe,0,/OMt nanocomposite sample was determined based ~ RE(%)=-——x100 3)

on the method suggested by Bessekhouad et al. [22].
According to this method, 100 mL of 0.01 M NaCl solution
was prepared, and transferred into conical flasks, in which
the pH values were adjusted in the ranges of 2-11 using
HCI and NaOH solution. 0.1 g of the magnetic Fe,O,/OMt
nanocomposite sample was added to each flask, and the
suspension was then stirred in a shaker for 48 h. The final
pH values of each solution were measured, and the differ-
ences between the initial and final pH values (ApH) were
determined. The ApH values were plotted against the initial
pH values. Finally, the point where ApH is equal to zero
was determined as pH_ .

2.4. Batch adsorption experiments

In order to investigate the adsorption capacity of the
magnetic Fe,O,/OMt nanocomposite, the effects of the
experimental parameters, namely adsorbent dosage, ini-
tial RY81 concentration, pH and adsorption time were
studied. Batch adsorption experiments were performed
in 150 ml glass-stoppered, round-bottom flasks immersed
in a temperature controlled thermostatic shaker at con-
stant stirring rate (120 rpm) and temperature (20°C) in
neutral pH of 7.40. According to the preliminary experi-
ments, all of the adsorption tests were carried out using
the predetermined optimum conditions, which are 0.125
g magnetic Fe,O,/OMt nanocomposite and initial dye
concentration of 20 mg/L. At certain time intervals, the
magnetic Fe,O,/OMt adsorbent was separated, and a pre-
determined amount of sample was then taken from the
solution by means of a permanent hand-held magnet and
a single channel adjustable pipette. RY81 concentration in
the solution was determined using a UV-Vis spectropho-
tometer (Optizen pop, Korea) at 394 nm (A __for RY8I).
The adsorbed amount at equilibrium (g,) and a specific
time (g,), and the removal efficiency (RE, %) of RY81 were
calculated using the following equations:

Cc,-C,)Vv

qe:% (1)
C,-C, )V

[,]tz( wa) )

0

where g is RY81 uptake (mg/g), C is initial concentration of
dye (mg/L), C, is equilibrium concentration of dye (mg/L),
V is the volume of solution (L), and W is the dry weight of
the added adsorbent (g). To obtain the adsorption isotherms
of RY81, varying initial dye concentrations were run with
the same procedure as described above at room tempera-
ture (20°C).

The point of the maximum absorbance wavelength for
RY81 was determined using different dye concentrations.
As seen from Fig. 1, the maximum absorbance wavelength
(,..) was found as 394 nm.

3. Results and discussion
3.1. Structural analysis of magnetic Fe,O,/OMt nanocomposite

The XRD patterns of magnetic Fe,O,/OMt nanocom-
posite are shown in Fig. 2. The components of raw material
are mainly composed of montmorillonite (JCPDS file no.
29-1498) and quartz (JCPDS file no.46-1045) [16]. From the
XRD pattern of the magnetic Fe,O, nanoparticle, the dif-
fraction peaks at 20 value of 17.90°, 29.50°, 35.40°, 43.05°,
53.40°, 56.90 and 62.40° were completely matched the
reflections of (111), (220), (311), (400), (422), (511) and (440)
respectively. All the observed Fe,O, peaks in the structure
can be indexed as the cubic phase of Fe,O, (JCPDS No.
19-0629) [23-25].

The 20 value of the d001 peak of the montmorillonite
has 8.90° and the corresponding basal spacing is 0.99 nm.
This value is suited with a basal spacing of natural mont-
morillonite. The 26 value of the d001 peak is shifted from
8.90° towards to 7.70° after modification with only DTAB
and basal spacing of the OMt was 1.14 nm. This value is
compatible with the work of Acisli et al. [26]. The incor-
poration of Fe,O, nanoparticles and DTAB molecules into
the Mt clay galleries increased the d001-value from 1.14
nm to 1.28 nm. It is indicated that the ferriferous oxide
particles may be dispersed both on the external surfaces
and the internal surface of Mt spaces, and also displaced
during synthesis procedure with DTAB-Fe O, molecules
intercalating into the silicate layers instead of Mg? and
Ca* metal ions [27].
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Fig. 2. XRD patterns of (a) Mt, (b) OMt (DTAB/Mt), (c) Fe,O, and
(d) Fe,O,/OMt.

FT-IR spectroscopy was used to confirm the incorpora-
tion of Fe,O, and DTAB into interlayer galleries of Mt, and
the analysis results can be seen in Fig. 3. According to this
figure, the absorption bands at 3620 cm™ is probably as a
result of stretching vibrations of absorbed H,0O molecules
or structural -OH. A band approximately 1628 cm™ can be
due to the H-O-H bending vibration, and attributed to the
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Fig. 3. FTIR spectra of (a) Mt, (b) OMt (DTAB/Mt) and (c) Fe,O,/
OMLt.
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vibrations of the water molecules [28,29]. The bands at 2926
and 2853 cm™ for all the samples except pure Mt are based
on the asymmetric and symmetric stretching vibrations of
C-H groups. These bands can be attributed to the incor-
poration of surfactant molecules to the interlayer galleries
of Mt [29]. The two absorption bands at 802 and 541 cm™!
corresponds to the stretching vibrations of O-Si-O and
Al-5i-O groups of the Mt, respectively [28-30]. In addition,
the characteristic bands at 573 and 663 cm™! are due to Fe-O
stretching vibrations [31]. The intensity of the Si-O bands
in the pure clay is much stronger than that of the magnetic
nanocomposite material (Fe,O,/OMt). It is indicated that
the Fe-O bonds may have interacted with Si-O bonds on the
Mt surface during the synthesis [16].

3.2. Morphological analysis

SEM images of the montmorillonite (Mt), organo-mont-
morillonite (OMt) and Fe,O,/OMt nanocomposite samples
are given in Fig. 4. As seen from the figure, the Mt sample
has some precipitated phase and cracks, and, in general, het-
erogeneous surface morphology. After the treatment with
DTAB, the Mt particles tend to be agglomerated, resulting
in a more compact structure. In addition, the cracks and
other defects are partly reduced as a result of the modifi-
cation [29]. From the SEM images of Fe,O,/OMt nanocom-
posite samples, they are very similar to natural magnet, and
the magnetic Fe,O, nanoparticles are well dispersed on the
surface of Mt without agglomeration. In other words, mod-
ification of the Mt by DTAB and magnetic Fe,O, nanoparti-
cles provides an increase in the adsorption capacity.

3.3. Effect of operational parameters on adsorption process
3.3.1. Effect of adsorbent dosage

In order to evaluate the effect of composite nanoparticles
dosage on the removal efficiency of RY8]1, a series of experi-
mental runs were performed using various adsorbent dosage
between 0.50 and 2.00 g /L. The obtained results are presented
in Fig. 5. As seen from this figure, the reaction reached equi-
librium at a specified reaction time of 2.5 min. With increasing
adsorbent dosage from 0.5 to 1.25 g /L, the removal efficiency
is gradually increased from 31.81 to 84.29%, respectively. The
observed improvement in the removal efficiency with the
increasing dosage can be attributed to the increase in sur-
face area and availability of more active adsorption sites [15].
However, further increase in the adsorbent dosage beyond
1.25 g/L does not affect the removal efficiency of RY8I.
Therefore, subsequent experiments were conducted with
the composite dosage of 1.25 g/L. Chang et al. studied the
adsorption of methylene blue onto Fe,O,/activated mont-
morillonite nanocomposite. They found that color removal
increased with the adsorbent dosages of 0.625 to 2.5 g/L, and
then remained stable with further increasing [16]. Thus, they
determined the optimum dosage as 2.5 g/L and used this
value for the rest of the experiments.

3.3.2. Effect of initial RY81 concentration

The effect of initial RY81 concentration on the removal
efficiency is shown in Fig. 6. According to this figure, for the
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Fig. 4. SEM micro graphs of the samples (a) Mt, (b) OMt (DTAB/MLt), (c) Fe,O, nanoparticles, (d) Fe,O,/OMt (Fe,O, /OMt = 1/2) and

(e) Fe,0,/OMt (Fe,0, /OMt = 1/4).

residence time of 60 min, the removal efficiency increased
from 41.76% to 84.29% by reducing the initial dye concen-
tration from 100 to 20 mg/L. This result can be explained
by saturation of the total active adsorption sites at lower
dye concentrations [29,32]. Similar results were reported
by Chang et al. for the adsorption of methylene blue onto
Fe,O,/activated montmorillonite nanocomposite [16]. As
seen from Fig. 6, the removal efficiency of RY81 initially

increased sharply in the first 2.5 min, and thereafter slowed
down since the equilibrium approached. In all the experi-
ments, the interaction time to reach equilibrium was as
short as 2.5 min. As known, physical adsorption takes place
through physical interactions that do not require any or need
a very low activation energy, and it occurs very quickly. On
the other hand, a certain activation energy is required for
chemical adsorption. The value of this energy is high and a
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Fig. 6. Effect of initial RY81 concentration on the removal effi-
ciency by adsorption process. Experimental conditions: [Fe,O,/
OMLt]: 1.25 g/L, pH: 740, Temperature: 20°C.

certain time is needed to overcome it. Accordingly, the short
equilibrium time proves the physical interactions between
the adsorbent and RY81 molecules [33,34]. This result is well
agreement with the ones from the work of Chang et al. [16].

In adsorption processes, it is generally expected that
the more the adsorbent dosage, the shorter the equilibrium
time, and similarly, the higher the adsorbate concentration,
the longer the equilibrium time. In this study, the first mea-
surements were taken at 2.5 min for the all experiment sets
so the equilibrium time was accepted as 2.5 min. However,
in reality, it is certainly shorter than or equal to 2.5 min for
all of the adsorbent dosages and adsorbate concentrations
studied probably due to the more than enough surface
active sites for adsorption.

3.3.3. Effect of initial pH

Solution pH is a very important parameter in adsorp-
tion studies since it influences surface charge of adsorbent
and changes the concentration of the counter ions and the
degree of ionization of the adsorbate in solution [35,36]. As
seen from Fig. 7, pH has a significant effect on the removal

efficiency of RY81. As pH of the solution increased from 2.0
to 11.0, the removal efficiency substantially decreased from
98.58 down to 20.72%. Since the pH __value of the Fe,O,/
OMt nanocomposite was determined as 7.80, the adsorbent
surface is positively charged for pH < 7.8 and negatively
charged for pH > 7.8. The high removal efficiencies obtained

Removal efficiency (%)
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90
80 1
70 1
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20

Removal efficiency, %

8

Time (min) (a)

3 5 7 9 11

Initial solution pH (b)

Fig. 7. Effect of pH on the removal efficiency of RY81 during
the adsorption process. Experimental conditions: [Fe,O,/OMt]:
1.25 g/L, [RY81]0: 30 mg/L, Temperature: 20°C.
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for the pH values of 2 and 3 can be attributed to the high
degree of positive charge on the adsorbent surface, which is
caused by the protonation at these pH values. As the solu-
tion pH increases beyond pHzpc value of the adsorbent, the
decrease in removal efficiency of the anionic RY81 can be
explained by the increasing negative potential on the sur-
face of the adsorbent, which is resulted from deprotonation.
This increasing negative potential leads to the electrostatic
repulsion between the adsorbent and the dye molecule,
causing a dramatic decrease in the removal efficiency.

In other words, as shown in Fig. 8, when the solution
pH is lower than the pH _value of the Fe,O,/OMt nano-
composite, the degree of positive charge on the adsorbent
surface increases due to the increasing [H*] at low pH. This
results in a significant electrostatic attraction between the
anionic RY81 molecules and the adsorbent [29]. On the other
hand, at alkaline pH values, the composite surface becomes
negatively charged by the excessive [OH], and the electro-
static repulsion occurs between the adsorbent and the RY81
[29,37,38]. In addition, RY81 anionic molecules can compete
against OH™ ions, and this can reduce their adsorption onto
the composite surface [20].

3.3.4. Single effect of the each component

As seen from Fig. 9, the Fe,O,/OMt nanocomposite
material provided better removal efficiency than the raw Mt

6 7 8
pH (Inital)

Fig. 8. pHzpc plot of magnetic Fe,O,/OMt nanoparticles.
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Fig. 9. Effect of enhanced adsorption process. Experimental con-
ditions: [Fe,O,/OMt]: 1.25 g/L, [RY81]0: 20 mg/L, Temperature:
20°C, pH: 7.40.

and OMt. Due to the negative surface charge of the Mt, the
electrostatic repulsion occurs between the dye molecule and
the adsorbent, causing a decrease in the removal efficiency.
The surface of DTAB modified Mt is positively charged.
Therefore, it electro statically attracts the dye molecules,
providing an increase in the efficiency of dye removal. In
addition, Fe,O, molecules partially cover the clay surface
and increase the adsorbed amount of anionic dye molecules
by imparting a partial positive charge to the surface [16].

3.3.5. Adsorption kinetics

Three kinetic models including pseudo-first-order,
pseudo-second-order and intra-particle diffusion models
were used to evaluate the kinetic of RY81 adsorption on the
Fe,O,/OMt nanocomposite surface. Kinetic studies were
carried out with all of the dye concentrations, adsorbent
dosage of 1.25 g, temperature of 20°C and pH of 7.40. The
equations belonging to these kinetic models are given by
Eqgs. (4)-(6) [39-44].

In(q, —q,) = Ing, — Kkt (4)
o ®
qt que qe

q, = ki\/; +C (6)

where q,and g, are the amounts of RY81 adsorbed at the equi-
librium and a specific time, k, (s™)is the rate constant of the
pseudo-first-order model, k, is the rate constant (g mg™ s™)
of the pseudo-second-order model, k, is the intra-particle
diffusion rate constant (mg s/ g') and C (mg g™) is the
boundary layer thickness [39-41]. The summarized values
of the kinetic constants obtained by linear regression analy-
sis are given in Table 2.

The obtained results in this study show that the first
order model did not fit, but the pseudo second order model
provided high correlation coefficients for all of the dye con-
centrations (R*> 0.990). However, the rate constants (k,)
decreased with increasing initial dye concentrations. This
result can be attributed to more competition with increasing
dye concentration [16,45]. The Weber intra-particle diffusion
model is used to describe the steps that take place during the
adsorption process. The adsorption process was found to be
highly compatible with the intra-particle diffusion model
(R?>0.9600). The intra-particle diffusion model showed that
the thickness of the boundary layer has an effective role in
the adsorption process due to the increasing C values with
initial dye concentration, indicating a larger boundary layer
diffusion effect [16,46,47]. As a result, we can say that the
pseudo second-order and the intra-particle diffusion model
both occur at the same time. Similar phenomena have been
observed for methylene blue adsorption on lignite [45] and
onto Fe,O,/activated montmorillonite nanocomposite [16].

3.3.6. Adsorption isotherms

Experimental data were applied to the equations of the
Langmuir, Freundlich, Temkin, BET, Dubinin-Radushkev-
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Table 2
Parameters of the kinetic models used
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Initial Temp. Pseudo-first-order Pseudo-second-order Intraparticle diffusion
:;Ciit)ratm c s R* kgmg'st g,,mgg! q,,mgg’ K 1;511/22% ¢ K

20 20 0.0191 01669  0.0037 16.6942 16.5289 0.9988 0.0646 13.30 0.9885
30 20 0.0284 0.3371  0.0019 21.7778 23.1481 0.9995 0.0792 19.31 0.9629
40 20 0.0288  0.3003  0.0011 271345 29.6736 0.9981 0.1597 22.31 0.9817
50 20 0.0339 04217  0.0011 26.3478 30.7692 0.9950 0.1014 24.43 0.9865
80 20 0.0343  0.2827  0.0006 32.9879 404858 0.9935 0.2466 27.52 09711
100 20 0.0423  0.5385  0.0006 35.1935 42.1941 0.9952 0.2512 28.98 09775

ich and Harkins-Jura isotherms to determine the mech-
anism of the adsorption at 20°C. Isotherm studies were
carried out with the adsorbent dosage of 1.25 g, pH of 7.40,
and contact time of 2.5 min. The results are given in Table
3, together with the isotherm equations. As seen from Table
3, the regression coefficient of the Langmuir isotherm is
higher than those of the other isotherms.

As far as known, Langmuir model assumes that the sur-
face is homogenous and adsorption process is monolayer
in nature. But the adsorption may take place via physical
interactions, when the pore radius is large enough to allow
the adsorbate molecules to attach in a single layer. The

short equilibrium time obtained is the evidence for this.
Accordingly, the high R? values obtained for the Langmuir
isotherm equation at all initial dye concentrations reveals
that this equation describes the process well. This is valid
for the mono layer adsorption, and shows that the adsorp-
tion occurs due to the very strong electrostatic attractions
which the interlayer pores and surface [16,45]. R, the
dimensionless characteristic of the Langmuir isotherm, is
defined by Eq. (7)

1
RL=(1+KC0) @

ia;);Tifability of isotherm equations to RY81 adsorption onto Fe,O,/OMt surface
Isotherm Equation Parameters Values
Langmuir C/q=1/kq,, +(1/q,)C q, 32.051
k 0.148
R? 0.9913
R, 0.252
Freundlich Ing = Ink + nInC 0.231
11.288
R? 0.9155
Temkin q4,= (RT/b)Ina, + (RT/b,)InC, b, 0.142
a, 4.685
R? 0.9195
BET C/q1-C)=1/@q,k) +[(k-1/ g, -
9,01C k 0993
R? 0.607
Dubinin-Radukevisch Ing = Ke? +Ing,, , K -2x10°
Ipr 25.675
R? 0.734
Harkins-Jura 1/4*= (B/A) - (1/A)logC B 2.208
416.666
R? 0.8654

g, adsorption capacity of RY81 (mg/g ); q,, monolayer adsorption capacity; C, equilibrium concentration; 1, k, K, A and B are constant param-

eters for the isotherm equations.



O. Acisli et al. / Desalination and Water Treatment 139 (2019) 369-378 377

In which K is the Langmuir constant and C, is the ini-
tial dye concentration. The obtained R, values in this study
was in the range 0.2522-0.2279 for the Fe,O,/OMt/RY81
adsorption system. If the R, values are 0 < R, < 1, this pro-
cess is favorable for the adsorption.

Freundlich isotherm is a model used to show the inter-
action between adsorbed molecules in heterogeneous sys-
tems. The n parameter represents the heterogeneity factor,
and it is used to determine whether the adsorption is a
physical (n > 1), chemical (n < 1) or linear processes (n =
1) [45]. According to Table 3, the high R* value for Fe,O,/
OMt nanocomposite shows that the process is suited with
the Freundlich isotherm. The n parameter values (0.2313-
0.2744) show that the adsorption is favored for the chemical
process (1 < 1), but the interactions between the Fe,O,/OMt
surface and dye ions are stronger electrostatic attraction.
The Temkin isotherm takes into account of the interactions
between adsorbent-adsorbate [48]. The heat of adsorption
of the all molecules in the layer reduced linearly with cov-
erage layer, and the energy is uniformly distributed [49]. b,
is the constant associated with the heat of adsorption and
a, is the constant related to equilibrium binding constant,
corresponding to maximum binding energy.

The obtained values for a,and b, are presented together
with the value of the correlation coefficient in Table 3. As
seen from Table 3, it is better to explain the experimental
data (R*> 0.92) by the Temkin isotherm, which points out
that the adsorption of RY81 at 293 K is characterized by a
homogeneous distribution binding energies up to the max-
imum binding energy [45]. The low regression coefficients
in BET, Dubinin-Radushkevich and Harkins-Jura isotherms
clearly indicate that the adsorption process examined in
this study is not compatible with these isotherms.

4. Conclusion

In this study, Fe,O,/OMt nanocomposite was used as
an adsorbent for the removal efficiency of RY81 from aque-
ous solutions. The nanocomposite adsorbent was prepared
by chemical precipitation with a suitable surfactant under
ultrasonic waves. The main findings can be summarized as
follows:

* XRD, FTIR and SEM analysis showed that the Fe,O,
nanoparticles and DTAB were well intercalated
through the clay galleries.

e The equilibrium time for the adsorption process
was found as about 2.5 min. The slight change was
observed with increasing contact time. This demon-
strated that the rapid adsorption occurs mostly
through physical interactions.

® The removal efficiency of dye decreased with the
increasing initial dye concentration.

e With the increasing adsorbent dosage from 0.5 to
1.25 g/L, the removal efficiency gradually increased
from 31.81 up to 84.29%. Further increase in the
adsorbent dosage did not affect the efficiency.

® The percentage of color removal decreased with
increasing solution pH.

e The pseudo-second-order kinetic model and the
intra-particle diffusion model fits very well with

the experimental data of the adsorption of RY81 on
the Fe, O,/OMt nanocomposite (R*> 0.9900 and R*>
0.9700, respectively).

* The regression coefficient obtained for Langmuir
isotherm is higher than those for the Freundlich,
Temkin, Dubinin-Radushkevich and Harkins-Jura
isotherms (R?> 0.9900). In addition, the monolayer
adsorption capacity, g, was found as32.051 mg/g.

In conclusion, overall results have shown that the Fe,O, /
OMt nanocomposite can be used as an efficient adsorbent
for the applications of dye removal from aqueous solutions.
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