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ABSTRACT: Arsenic in drinking water has been recognized as a serious community health problem Review History:

because of its highly toxic nature and therefore, its removal is considered as one of the most important  Received: 14/10/2019

areas of wastewater treatment. Iron oxide-modified zeolite nanocomposites with two different amounts  Revised: 20/12/2019

of iron oxide nanoparticles (3 & 7 wt%) were synthesized, characterized by X-ray diffraction, scanning  Accepted:10/03/2020
electron microscope, energy dispersive X-ray, and Brunauer-Emmett-Teller, and then used in a series of ~ Available Online: 12/03/2020

batch adsorption experiments to remove arsenic from aqueous system. The effective parameters on the

removal of arsenic including adsorbent dose, arsenic initial concentration, contact time, and percentage  Keywords:
of iron oxide nanoparticles, were investigated. Under optimum conditions, percentage of iron oxide A cenic
nanoparticles 3%, adsorbent dose 0.05 g/l, arsenic initial concentration 400 g/, and contact time 90 £ 304 NaA Zeolite

min, the iron oxide-modified zeolite could remove up to 87% of arsenic from contaminated water. The
artificial neural network model was also developed from batch experimental data sets which provided
reasonable predictive performance (R2=0.998) of arsenic adsorption. According to the results, iron

Water-treatment
Artificial Neural Network

oxide-modified zeolite appears to be a promising adsorbent for removing arsenic from water.

1. INTRODUCTION

Arsenic (As(V)) is one of the contaminants found in the
environment which affects millions of people and other living
organisms across the world due to its high toxicity even at
very small concentrations [1, 2]. Arsenic in groundwater
is largely due to the minerals dissolving naturally from
weathered rocks and soils when water is exposed to these
natural components. Furthermore, it has many industrial
applications and is also used extensively in the production
of agricultural pesticides and treated wood products, which
all may introduce arsenic into the environment [3, 4]. Long-
term exposure to arsenic-contaminated drinking water can
develop into arsenicosis which causes respiratory, renal, and
immunologic effects [5]. It also can cause cancer of the skin,
lungs, bladder, kidney, liver, and prostate [6, 7]. As a result,
the World Health Organization (WHO) has set the arsenic
standard for drinking water to a level less than 10g/1, since
1993 [8]. This maximum contaminant limit was also adopted
in the United States (US) since 2006 [9].

Among different treatment methods applicable
for arsenic-contaminated water; such as
adsorption [2], coagulation/precipitation [4], lime softening
[10], membrane process [11], and anion-exchange [12],
adsorption has proven to be an efficient, low cost and more
familiar method by the local population, suppliers and
engineering companies [12]. Numerous sorbents; including
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magnetite-reduced graphene oxide [13], magnetic gelatin—
modified biochar [14], nanoscale zero-valent iron [15], iron-
oxide coated coal bottom ash [16], Fe,O, nanoparticles [17],
chemically modified sawdust [18], aluminum hydroxide [19]
and zeolites [2], have been tested in the literature for their
arsenic removal abilities from aqueous solutions. However,
the development of new materials for arsenic removal is
still a hot topic in the environmental field. In recent years,
a wide range of materials have been used to modify the
surface of sorbents and then to develop more efficient arsenic
adsorbents. It has been reported that arsenic anions present
in water have a strong adsorption affinity to iron oxides/
hydroxides [20] and accordingly, adsorbents modified with
iron are increasingly applied for the removal of arsenic [21-
24].

Zeolites are a group of 3D crystalline alumina-silicates
which have many advantages because of their specific
structure like high adsorption and ion-exchange capabilities
and also relatively low cost [5]. They are classified according
to the differences in their framework structure, Si to Al ratio,
pore size, hydrophilicity, etc, which are critical factors in
determining their properties [25]. Different kinds of zeolites;
namely clinoptilolite [20], A [26], and Y [27], have been
identified as potential candidates for arsenic removal from
water. Among them, single-phase zeolite NaA has been of
great interest because of its large cation exchange capacity
and a large number of acid sites due to its 8-ring, 6-ring, and
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4-ring channel structure with the largest cavity dimension
measuring 0.41 nm x 0.41 nm [28].

The main purpose of this study was to develop NaA
zeolite modified with iron oxide (Fe,O,) nanoparticles and
to investigate the application of Fe,O,~NaA nanocomposites
for the removal of As(V) from contaminated water. Fe O,
nanoparticles were selected as modification agents due
to their high surface area, high active sites on the surface,
being easily separated, collected, and reused by an external
magnetic field, and also being environmentally friendly [29,
30]. The influence of different sorption parameters including
adsorbent dose, As(V) initial concentration, percentage of
Fe,O, nanoparticles, and contact time on the removal of
As(V) were studied experimentally. Besides, the adsorption
experiments were statistically modeled using Artificial
Neural Network (ANN) to predict the removal efficiency
of Fe,O,~NaA nanocomposites for As(V) ions. The most
important novelty of current research is synthesizing Fe O~
NaA nanocomposite by quick precipitation method in just
one step reaction under mild conditions. Besides, the ANN
modeling seems applicable to estimate the arsenic removal
efficiency from water by Fe O,~NaA nanocomposite.

2. MATERIAL AND METHODS
2.1. Materials

All chemicals were of analytical grade, purchased from
Merck Co., and used without further purification. A stock
solution of As(V) was prepared by dissolving sodium arsenate
hydrate (Na,HAsO,-7H,0) in distilled water and it was used
to prepare the sorbate solutions with concentrations of 50,
150, 400, and 1000 "1g/1. This is the common range of arsenic
groundwater contamination in Southeast Asia. Reaction
vessels were cleaned with 1% HNO, and rinsed several times
with distilled water before use.

2.2. Preparation Of Nano Fe 0,-Naa Zeolite

Firstly, 5.24 g ALLO, and 5 g sodium silicate were added
to 90 ml NaOH (1.73 M) solution. This solution was stirred
for 10 h and then ultrasounded for 90 min before 20 ml
Fe,O, suspension was added during the ultrasound. After the
formation of amorphous homogenous gel, the reaction mixture
was transferred into a steel autoclave vessel and heated for 8 h
at 80 °C without stirring. The sediment of nanocomposites at
the bottom of the vessel was filtered, washed with deionized
water thoroughly, and dried at 120°C overnight. By changing
the amount of nano Fe,O,, NaA zeolites with various nano
iron oxide contents (3 & 7 wt%) were prepared and designed
as IO NaA (n=3 & 7).

2.3. Characterization Of Materials

X-Ray Diffraction (XRD) measurements were employed
for the identification of phases of the synthesized Fe,O,-NaA
zeolite using a Philips X-ray diffractometer model D5000
siemens (Cu Ka, 4 = 1.5416 A). The intensity data were
collected over a 20 range of 4-70° with a step of 0.05 and a
scanning rate of 2 s/point. The surface images of synthesized
zeolites were taken by Scanning Electron Microscope

(SEM) (model ESEM XL 30 Philips) operating at 30 kV and
equipped with Energy Dispersive X-ray (EDX) analysis to
investigate the morphology, size, and elemental analysis of the
nanocomposites. As(V) determination was performed using
Varian 220 electrothermal atomic absorption spectroscopy.
The Brunauer-Emmett-Teller (BET) surface area was also
measured by N, adsorption/desorption isothermal liquid
nitrogen using Quantachrom (chembet 3000).

2.4. Batch Experiments

Sorption experiments were performed in a batch system
to examine the effect of different parameters including
adsorbent dose, As(V) initial concentration, percentage of
Fe,O, nanoparticles, and contact time on the removal of
As(V). 100 mL aqueous solution of arsenic was taken in an
Erlenmeyer flask of volume 250 mL at 25 °C. The pH value
was adjusted to 7, generally representative of the typical pH
of natural water. Then, a known quantity of dried Fe,O,-
NaA zeolite adsorbent was added and the arsenic bearing
suspension was kept under magnetic stirring until various
intervals of time. After the complete sorption, the suspension
was allowed to settle down, Fe O,-NaA zeolite composites
were separated by filter and the filtered solution was analyzed
for As(V). The percentage removal of arsenic from aqueous
solution was computed by using the following equation:

Percentage removal of arsenic =

%XIOO (1)
C.

where C, and C are the initial and final arsenic concentrations
in the solution, respectively.

2.5. Ann Modeling

The application of ANN has been successfully employed
in environmental engineering to predict the performance
of wastewater treatment processes [31-33]. In the present
research, the single-subject experimental datasets obtained
from the batch experiments were used as inputs to the ANN
model to provide the reasonable predictive performance of the
Fe,0,~NaA zeolite adsorbent. The backpropagation algorithm
is the most versatile and robust technique, which provides the
most efficient learning procedure for MultiLayer Perception
(MLP) networks [34]. A feed-forward MLP network was
employed with Levenberg-Marquardt backpropagation
algorithm to build the predictive ANN mathematical model
with the scaled condition of the four inputs (e.g., As(V) initial
concentration, contact time, adsorbent dose, and percentage
of Fe,O, nanoparticles) and one output as As(V) removal
efficiency. The neural network topology consisted of three
layers: an input layer, a hidden layer, and an output layer. Out
of 35 datasets, 80% (=27groups) experiments were used to
train the network, and the remaining 20% (=8 groups) were
used for testing and validation of the ANN model. All input
and output data were normalized between 0 and 1 to avoid
numerical overflows due to large or small values. Therefore,
data (X)) are converted into a normalized value (X ) as
follows [35]:
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(X i _X min)
normal = (2)
X (X max _X min)

where X and X are minimum and maximum actual
experimental data, respectively.

All calculations carried out using Matlab R2015b
(8.6.0.267246) mathematical software with ANN toolbox.

3. RESULTS AND DISCUSSION
3.1. Characterization

The positions and intensities of the peaks in the XRD
diffraction pattern are a fingerprint of the crystalline
components present in a sample. The XRD patterns of
the synthesized NaA zeolite and IO,NaA and IO NaA
nanocomposites are presented in Fig. 1. These samples contain
various percentages of Fe,O, nanoparticles as 0, 3, and 7%,
respectively. For neat zeolite NaA (Fig. 1(A)), sharp peaks
are seen in the diffractogram; indicating its high crystallinity.
The characteristic reflections for zeolite NaA were appeared
at 20=7.24°, 10.14°, 12.41°, 16.04°, 21.93°, 24.20°, 26.89°,
27.37°, 28.13°, 30.20°, 31.51°, 33.03° and 34.25° which are
in good agreement with the data of crystalline form of zeolite
NaA given in relevant literature [28, 36, 37]. The absence
of the peaks related to impurities as well as the absence of
amorphous halo region in the XRD pattern of the zeolite NaA
indicates that highly pure and crystalline zeolite has been
synthesized. In addition, the XRD patterns of the synthesized
10 NaA nanocomposites (Figs. 1(B,C)) did not show any
notable change in NaA-zeolite diffraction peaks except that the
intensity of reflections was slightly decreased. This suggested
that obvious damage in cell structures of NaA zeolites did
not take place, and the magnetic particles could be found
within the XRD features of the synthesized NaA-zeolite. The
diffraction peaks at 18.27°, 30.20°, 34.25°, 42.27°, 52.96°,
54.82°, and 63.17° are attributed to the existence of Fe,O,
in the zeolitic network. It might be expected that the loaded
nanoparticles are preferentially precipitated on the surface of
zeolite without any considerable change in the microporous
of NaA-zeolites.

The morphology and size of the zeolites are of determining
factors for their performance in any specific application.
The SEM observations of the IO NaA nanocomposites
synthesized under various Fe O, contents are shown in
Figs. 2(A,B). The figures confirm the crystalline nature of
nanocomposites, which can be described in terms of small
cubic particles with an average size of approximately 300-600
nm. The cubic structure of the nanocomposites shows that the
NaA zeolite structure; which has been reported as cubic in the
literature [36, 38-41], has not changed by the formation of
Fe,0, as expected by the results of XRD analyses. The Fe O,
nanoparticles which are irregular and spherical-like particles
are seen as favorably dispersed on the external crystal
surface of I0,NaA without any considerable agglomeration
(Fig. 2(A)). By increasing the iron oxide content to 7%,
aggregation of Fe O, nanoparticles are obviously identified
between the NaA nanozeolites (Fig. 2(B)). In agreement, the

BET specific surface area for NaA zeolite and IO,NaA and
10_NaA nanocomposites are determined to be 17.03, 65.5,
and 53.3 m?/g, respectively.

The elements present in the IO NaA nanocomposites are
characterized with the help of EDX analysis, which is shown
in Fig. 2(C). This elemental analysis reveals that the main
chemical compositions of the synthesized magnetic zeolite
include Na, Al, Si, Fe and O. The appeared peak in the region
of 6.5 keV is related to the binding energy of Fe, which
indicates the presence of iron in the product. The Au peak is
observed due to the gold coating of the sample.

3.2. Batch Adsorption Study

Results on the adsorption of As(V) by IO NaA zeolites at
different conditions and pH=7 are presented as a percentage
of arsenic removal in Figs. 3(A,B). The As(V) initial
concentrations of 50, 150, 400, and 1000 g/I, adsorbent dose
of 0.01 and 0.05 g/, contact time of 60 and 90 min, and
Fe,O, nanoparticles percentage of 3 and 7% were employed
in batch studies. Since the predominant forms of As(V) in
water with pH=7 are anionic forms of H,AsO,” and HAsO,*,
so, iron oxides which are mainly present with the cationic
monomeric form [Fe(OH),’] in this pH, can adsorb As(V)
more easily, because of Coulombic interactions [8]. Also, the
normal range for pH in surface water systems is 6.5 to 8.5,
and the pH range for groundwater systems is between 6 to
8.5, then we decided to choose pH=7 for all the experiments.

As seen in the figures, arsenic removal curves show
apparent changes as IO NaA zeolite dose rises from 0.01 to
0.05 g/l. The higher dose of adsorbent in the solution results
in greater availability of exchangeable sites for the ions and
that is the reason for increasing arsenic removal rate with
increasing the amount of adsorbent. It seems that 0.01 g/l of
10 NaA adsorbent is very low amount to reach a reasonable
arsenic removal efficiency. So that, the percentage removal
achieves the maximum level of approximately 20 and 35% in
the presence of 0.01 g/l of adsorbent for an adsorption period
of 60 and 90 min, respectively. Furthermore, changes in other
parameters such as contact time or As(V) initial concentration,
don’t lead to certain behavior in arsenic removal efficiency
due to the very low amount of adsorbent (0.01 g/1). However,
it is observed that over 80% As(V) with initial concentration
400 g/l is adsorbed by the 0.05 g/l of adsorbent at 90 min
exposure time. We found that 0.1 g of IO,NaA adsorbent is
sufficient to remove 400 pg As(V) from 11 aqueous solution
to meet the standard value of arsenic disposal in wastewater,
which was confirmed by determining As(V) concentration in
the filtrate.

Experiments performed on 0.05 g/l of adsorbent showed
that arsenic removal efficiency increases with an increase in
arsenic concentration up to 400 g/l and then is fixed at higher
concentrations. At low initial concentration, metal ions in
the solution are also low and the possibility of interaction
between ions and active sites on the adsorbent surface will
be a significant factor in the sorption efficiency. When the
As(V) initial concentration is increased, this possibility
is also increased and more arsenic ions are adsorbed on
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A: NaA-zeolite
F: Fe304
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Position(20)
Fig. 1. XRD patterns of (A) synthesized NaA-zeolite and (B) IO3NaA and (C) IO7NaA
nanocomposites

the surface of Fe,O,~NaA zeolite [42]. In other words, the
high initial concentration enhances the driving force and
thus in turn lowers the mass transfer resistance between
the aqueous solution and the solid adsorbent [43]. When
metal ion concentrations are more increased, binding sites
become more quickly saturated as the amount of adsorbent
concentration remained constant [33]. The large amount of
adsorbed arsenic is proven to have an inhibitive effect on the
adsorption of arsenic ions on the adsorbent, because of the
lack of any direct contact between them. At a high enough
initial concentration, the Fe,O,~NaA zeolite will be saturated
with arsenic molecules and the number of active sites on the
adsorbent surface will not be enough to accommodate arsenic
ions.

One of the other parameters that affect the arsenic removal
efficiency is the percentage of Fe,O, nanoparticles loaded in
NaA zeolite structure. The effect of this parameter on the
removal of arsenic by 10 NaA zeolite was investigated by
varying the Fe,O, loading. The results indicate that arsenic
removal decreases slightly when Fe O, loading increases
from 3 to 7%. It is proposed that the surface of 10 NaA is
covered by some Fe,O, nanoparticles which probably block
some zeolite cavities and the blockage area would increase
with the higher amount of Fe,O, loading. This is in agreement
with the SEM pictures in which the aggregation of the iron
oxide nanoparticles occurred on the surface of sample
10_NaA with higher iron oxide content. In the case of sample
10,NaA, the homogenous dispersion of nanoparticles allows
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Fig. 2. SEM images of (A) IO3NaA and (B) [O7NaA nanocomposites along with (C) their corresponding EDX analysis

enough access to water through the pores, channels, and
surface of NaA zeolite. Thus, removal efficiency decreases
with the increase of Fe O, loading.

At the As(V) initial concentration of 400 g/l and
adsorbent dose of 0.05 g/l, the adsorbed As(V) by 10,NaA

zeolite reaches 83 and 87% within exposure time of 60 and
90 min, respectively. It seems that an equilibrium will be
reached by increasing contact time. The percentage removal
of As(V) onto the I0,NaA zeolite versus time with different
intervals (30150 min) is represented in Fig. 4. As depicted,
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Fig. 3. Experimental (solid lines) and ANN predicted (dashed lines) values of As(V) removal by Fe304—
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Fig. 4. Effect of contact time on the adsorption of arsenic by IO,NaA zeolite: As(V) initial concentration 400 g/I;
adsorbent dose 0.05 g/l

the removal efficiency of As(V) ions is rapid in the initial
stages up to 90 min, and thereafter, is almost the same, within
exposure time of 150 min. The fast adsorption rate at the
initial stage could be attributed to the abundant availability
of active sites on the adsorbent surface for rapid metal ions
binding. However, the second stage is the slow intraparticle
diffusion of metal ions into the adsorbent. A contact time of
90 min with 87% removal efficiency was considered as the
equilibrium time.

3.3. Artificial Neural Network Modeling

The topology of an ANN is determined by the number of
layers, the number of neurons in each layer, and the nature
of transfer functions with correct identification of the set of
independent input and output variables. In this work, the
adsorbent dose (g/1), As(V) initial concentration (g/1), contact
time (min), and percentage of Fe,O, nanoparticles (%) were
used as inputs of ANN model and the percentage removal
of arsenic (R%) was chosen as the experimental response
or output variable. Multilayer feed-forward ANN with one
hidden layer was used based on the universal approximation
theory which suggests that a network with a single hidden
layer with a sufficiently large number of neurons can interpret
any input-output structure [42]. Fig. 5(A) shows the optimized
neural network structure (4-4-1), for which sigmoid transfer

function in the hidden layer and a linear transfer function in

the output node was used.

It is recognized that the selection of neurons in the hidden
layer is an important task when an ANN is designed. On the
one hand, the convergence rate of the network may be affected
by too little number of neurons. On the other hand, a large
number of neurons may result in the complicated network
topology, training frequency increasing, model over-fitting,
and generalization reduction [31]. Therefore, the number of
neurons in the hidden layer is determined according to the
minimum prediction of error of the neural network in order
that the error between the experimental and predicted values
is minimized. To find the optimum number of neurons in the
hidden layer, the network was tested with different numbers
of neurons, from 1 to 10, in the hidden layer through the
observation of the Mean Squared Error (MSE) (see Fig. 5(B)).
MSE measures the performance of the network according to
the following equation.

wsE =23y, v, ) G)

where N is the number of data points, Viore ,1s the network
prediction Yiew is the experimental response and 7 is an index
of data [32].

It could be seen that the performance of the network
stabilized with the inclusion of four nodes in the hidden layer.
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Fig. 6. Comparison of the experimental results with those calculated via neural network modeling
(ANN)

So, based on the approximation of MSE function, a number
of hidden neurons equal to four was adopted and a single
layer feed forward backpropagation neural network was used
for the modeling of the process. Fig. 6 shows a comparison
between experimental values of the output variable (R %) and
predicted values using the ANN model. As seen, the points
are well distributed around Y=T dashed line in a narrow
area. The linear fit indicated by a solid line with a correlation
coefficient of R>=0.9981, shows a good agreement between
the predicted and experimental data. Therefore, it can be
concluded that the present ANN model is suited to model the
removal of As(V) from an aqueous solution by using IO NaA
zeolites. For almost all experiments (see Fig. 3), the ANN
was confirmed to be an adequate interpolation tool, where
good prediction was obtained.

4. CONCLUSIONS
In the current study, Fe,O,-NaA nanocomposites

(IO NaA) with various iron oxide contents (n=3 & 7 wt%)
were synthesized and characterized by SEM, EDX, and
XRD analyses. The synthesized Fe,O,~NaA zeolite showed
a high removal efficiency of As(V) from the aqueous
solution. Despite the highest iron oxide content of 10,NaA,
the highest arsenic removal was obtained with the lowest
iron oxide content sample (IO,NaA). Aggregation of the
nanoparticles and their inhomogeneous dispersion on the
NaA zeolite surface are responsible to this situation. Under
optimized conditions (percentage of Fe,O, nanoparticles 3%,
10,NaA dose 0.05 g/1, As(V) initial concentration 400 g/l and
contact time 90 min), the maximum removal of arsenic was
achieved as 87%. The magnetic Fe,O,—NaA zeolite which
can be easily separated from the medium after a magnetic
process, is introduced as a kind of suitable adsorbent for
removal of As(V) from aqueous solution. Artificial neural
network modeling was also applied upon batch experimental
values to provide the reasonable predictive performance of
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the synthesized adsorbent. The findings indicated that the
ANN model provides reasonable predictive performance
(R*=0.998) of As(V) adsorption by Fe,O,~NaA. The data
presented in this investigation can be further extrapolated to
design and establish an efficient plan for arsenic removal from
contaminated water. In fact, simulation based on the ANN
model can applicably estimate the behavior of the adsorption
process under different conditions, with increasing the range
of experimental conditions adopted. So, investigating more
affective parameters on As(V) removal by simply synthesized
Fe,0,-NaA zeolite such as pH, temperature and etc is
proposed for conducting future research.
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