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ABSTRACT

Arsenic adsorption onto an iron-aluminum binary oxide-doped clinoptilolite was studied by
using response surface methodology. The Box–Behnken experimental design was used to
estimate the effects of major process parameters, namely pH (3–7), temperature (25–65˚C),
and initial arsenate (As(V)) concentration (0.5–9.5mg L�1). The experimental data fitted to
the empirical second-order model was found to be significant, as was evident from the
model F-value of 341.23. The coefficient of determination value of second-order regression
model was found to be 0.9977 (Radj = 0.9948), indicating the accuracy and general availability
of the model. The initial arsenic concentration of 9.4mg L�1, pH of 6.0, and temperature f
62.4˚C were found to be optimum for maximum As(V) uptake. The results showed that
adsorption capacity increased with increasing temperature, indicating the endothermic
nature of the adsorption process.
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1. Introduction

The introduction of arsenic into water sources by
natural or anthropogenic activities can lead to health,
environmental, and ecological effects due to its high
toxicity [1]. Long-term exposure to arsenic via water
sources could cause cardiovascular, neurological, and
respiratory diseases, skin lesions, and bladder, lung,
skin and other cancers [2]. As arsenic effects human
health, novel adsorbents, such as iron, aluminum,
manganese, and titanium oxides, have been developed
to remove the arsenic present in water/wastewater
[3]. Combinations of these oxides possess a high

potential for water remediation due to their combined
properties like affinity, chemical stability, low cost,
and nontoxicity [4–7]. Distribution of arsenic is han-
dled by iron and aluminum oxides in most oxidized
environments. Combined adsorption efficiency of
these oxides is important to investigate since iron
oxides are generally incorporated with aluminum
with a significant proportion [8]. Masue et al. [4] also
stated that when Al was substituted within iron
hydroxides, the rate of reductive dissolution of iron
hydroxide decreased; hence, the redox reactions of
iron oxides slow down during arsenic remediation.

Statistical experimental design technique is a
useful approach for examining adsorption phenomena
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with mathematical models since more effort should be
made to determine the influences of adsorption
process variables and their interactions on the removal
efficiency. The objective of designing an empirical
study is to collect the maximum amount of relevant
information with minimum expenditure of time and
resources [9]. Application of this technique in the
evaluation of adsorption process could result in
improved product yields, closer confirmation of the
output response to nominal and target requirements,
and reduced number of experiments [10]. Response
surface method (RSM) is one of the statistical
approaches for improving an empirical model of the
process and obtaining a certain estimate of optimum
operating conditions [11]. Box-Behnken design is a
second-order response surface model based on three-
level incomplete factorial designs having points lying
on the surface of a sphere surrounding the center of
the design [12].

Although the design of the experiment techniques
have been widely studied to find optimum adsorption
process parameters [2, 13–16], there is no systematic
study related to the response surface modeling of
arsenate removal by binary oxides-enriched natural
zeolite. To our knowledge, this is the first research
addressing the arsenic adsorption potential of bimetal-
lic oxides supported on Turkish clinoptilolite. The
main objectives of the present study are application of
a three-factor, three-level Box–Behnken experimental
design for maximizing As(V) removal by binary
oxides-doped natural clinoptilolite and examination of
the interactive effects of three independent variables
(i.e. solution pH, temperature, and initial concentra-
tion) on As(V) adsorption capacity.

2. Materials and methods

2.1. Reagents

All chemicals/reagents used in this work were of
analytical reagent grade. Ferric chloride (FeCl3·6H2O),
anhydrous aluminum chloride (AlCl3), and sodium
hydroxide (NaOH) were purchased from Sigma–
Aldrich.

2.2. Preparation of Fe/Al impregnated clinoptilolite

It was shown in our previous work [17] that the
pretreated zeolites exhibited low or no adsorption
capacities for As(V). However, major increases in As
(V) uptake were observed for metal oxide-coated
zeolites, especially for bimetallic oxides-coated ones.
For that reason, the present study aimed to explore

arsenic adsorption onto iron-aluminum binary
oxide-doped natural zeolites in detail. Clinoptilolite
used in the present work was obtained from the
Gördes-Manisa region of Turkey. In order to improve
the ion exchange capacity, raw clinoptilolite was
added to 2mol L�1 of NaCl solution and the suspen-
sion was shaken for 24 h. Then, the treated sample
was washed with distilled water to remove Cl� ions
and dried at 100˚C. This sample was denoted as ZNa.
Ten grams of ZNa was treated with a mixture of
AlCl3 and FeCl3 solutions (1mol L�1 concentration in
total, 1:1) and 5mol L�1 of NaOH was added drop-
wise to the suspension till pH reached 10–11. The
Fe/Al impregnated zeolites were placed in a column
and washed with distilled water until pH value
became neutral. The resultant sample was dried at
65˚C and named ZNa-AlFe.

2.3. Characterization

The FTIR spectrum was recorded with Perkin
Elmer Spectrum One using attenuated total reflectance
method. XRD measurement was performed on Philips
Panalytical X’Pert Pro X-ray diffractometer using Cu
Ka radiation. The specific surface area and pore-size
distribution were calculated from Brunauer, Emmet,
and Teller (BET) and Barrett-Joyner-Halenda (BJH)
methods, respectively. Calculations were performed
using Autosorb 1 software provided by Quantachrome
instruments. The surface morphology of modified
zeolite was analyzed by scanning electron microscopy
(Philips XL30 SFEG). Zeta potential was determined
from electrophoretic mobility by using Zetasizer
3000HSA. Potentiometric titration data were obtained
using the method described by Helfferich [18]. Trans-
mission electron microscopy (TEM) observations were
performed with a high-resolution electron microscope
(FEI Tecnai G2 F20 X–Twin) operated at 200 kV. The
sample was prepared by dispersing in acetone and
applying a few drops of the dispersion on Cu grid.

2.4. Experimental procedure

As(V) stock solution was prepared by dissolving
Na2HAsO4.7H2O in distilled water. The required
amount of adsorbent was added to 25mL of As(V)
solution with different concentrations (0.5, 5.0, and
9.5mgL�1) at different pHs (3.0, 5.0, and 7.0) and
temperatures (25, 45, and 65˚C). During the adsorption
experiments, the pH of solutions was kept constant by
using diluted HCl or NaOH twice in a day. The
determination of arsenic was performed by atomic
absorption spectrophotometer (Analytic Jena ContrAA
700 TR). Analyses were conducted at a wavelength of
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193.7 nm by a graphite furnace system using Pd/Mg
(NO3)2 as a matrix modifier. Dilution was made with
2% HNO3 solution and samples were reanalyzed in
case the relative standard deviation exceeded 5%. All
the experiments were carried out in triplicate and
average results were reported. The As(V) adsorption
capacity (qe) was calculated from the following
equation:

qe ¼ ðCi � CeÞ � V

m
ð1Þ

where V is the volume of the solution (L), m is the
adsorbent dosage (g), and Ci and Ce are the initial and
equilibrium As(V) concentration (mgL�1), respectively.

2.5. Response surface methodology

RSM is a collection of statistical and mathematical
techniques for empirical model building and optimi-
zation of several process parameters by minimum
number of experiments. RSM also offers a relationship
between the controllable input parameters and
response function.

Box–Behnken design is a spherical design based
on three-level incomplete factorial designs including a
central point and the middle points of the edges of
the cube surrounded by the sphere [19]. Among the
RSM designs (central composite (CCD), Doehlert
matrix (DM), and three-level full factorial design),
BBD and DM are more efficient than the CCD and
much more efficient than the three-level full factorial
designs [20]. On the other hand, the BBD requires less
runs than the others, allowing calculations of the
response function at intermediate levels.

In the present study, the BBD methodology was
used in order to examine the effect of selected process
variables: pH (3.0–7.0), temperature (25–65˚C), and ini-
tial As(V) concentration (0.5–9.5mg L�1). Table 1
shows the range and levels of three independent reac-
tion conditions. The empirical quadratic model was
defined by three parameters: pH (x1), temperature

(x2), and initial As(V) concentration (x3). The As(V)
adsorption capacity of ZNa-AlFe (mgg�1) was desig-
nated as dependent variable (Yi). A class of three-level
factorial designs in a second-order polynomial model
was developed using “STATISTICA” (Ver. 8.0, StatSoft
Inc., USA) software package.

The optimization procedure involves: (1) develop-
ing a mathematical model that best describes the
adsorption process, (2) investigating the distribution
of residuals of statistically designed combinations by
Anderson–Darling normality test [21], (3) evaluating
the quadratic approximation of BBD model with 95%
confidence limits (a= 0.05), and (4) determination of
statistical significance of each independent variable
by Student’s t-test, lack of fit tests, and F- and
p-values.

3. Results and discussion

3.1. Characterization studies

Table 2 shows the characteristic properties of the
ZNa-AlFe sample. The surface area was found as
28.91m2 g�1 and the total pore volume value was
0.166 cm3 g�1. The isoelectric point (IEP) and the point
of zero charge (PZC) values of ZNa-AlFe were
obtained as 4.56 and 5.12, while the pHIEP and pHPZC

of ZNa were found as 2.12 and 6.73, respectively [17].
The electrophoretic measurements revealed that the
surface of ZNa was negatively charged even at acidic
and neutral pHs whereas the surface of ZNa-AlFe
was positive. It can be clearly seen that modification
of (ZNa) with metal oxides caused a raise in positive
potential of particle surface which could be the result
of Fe/Al oxide forms [17].

The electrophoretic measurements indicated that
the surface of electrostatic attraction may occur
between positively charged ZNa-AlFe surface and for
anionic species at pH<pHIEP/pHPZC. Dissociation of
surface groups on the metal oxide-modified zeolite
(inner and outer Helmholtz planes) due to the IEP
values can be described [22] according to Eqs. (2)–(5):

� MOH !� MO� þHþ pH[pHIEP ð2ÞTable 1
Independent variables and levels of each factor for
Box–Behnken

Variables Symbol Level

Low
(�1)

Middle
(0)

High
(+1)

pH x1 3.0 5.0 7.0

Temperature x2 25 45 65

Initial As(V)
concentration

x3 0.5 5.0 9.5

Table 2
Characterization of ZNa-AlFe sample

Specific surface area, SBET (m2 g�1) 28.91

Micropore surface area, SBETmicro (m2 g�1) 60.64

Total pore volume, Va (cm3 g�1) 0.166

Micropore volume, Vmicro (10�3 cm3 g�1) 0.35

pHIEP 4.56

pHPZC 5.12
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� MOðHÞM �!� MO�M � þHþ pH[pHIEP ð3Þ

� MOHþOH� !� MðOHÞ�2 pH[pHIEP ð4Þ

� MOHþHþ !� MðOHÞþ2 pH[pHIEP ð5Þ

where M could be neutral (FeOH/AlOH), protonated
(FeOHþ

2 /AlOHþ
2 ), or hydroxylyzed (FeO�/AlO�) iron

and aluminol sites. Moreover, other species present on
the structure, such as Al(OH)3, AlOH2+, Al13O4

(OHÞ7þ24 , and Al(OHÞ�4 , might also emerge in the

adsorption process [17].
The FTIR spectrum of raw (ZNa) and bimetal

oxide-impregnated zeolite (ZNa-AlFe) is shown in
Fig. 1. Strong vibrations at about 1,050–1,150 cm�1 are
the indicators of asymmetric stretching of Si–O(Si) and
Si–O(Al) vibrations in tetrahedral or alumino/
silica-oxygen bridges [23,24]. The bands at about
1,614–1,650 cm�1 indicate the H2O deformation mode
[25]. Vibration modes appearing near 3,400–3,500 cm�1

are assigned to the bridging OH groups of silanol/alu-
minal active sites (�Si–OH–Al�, �Al–OH, �Si–OH) or
OH� groups of molecular water [26]. For the ZNa-AlFe
sample, the vibrations increase due to the OH� groups
of Fe/Al oxides (Fe–OH, Fe–(OH)2, FeO(OH), or
AlOOH). Furthermore, lepidocrocite [c-FeO(OH)] or
goethite [a-FeO(OH)] forms represent vibrations near
640–775 cm�1 [8].

The XRD patterns of ZNa and ZNa-AlFe samples
indicated differences in the intensity of reflections. For
both samples, the clinoptilolite was the major crystal-
line phase detected on the pattern, as shown in Fig. 2.
The peaks at 2h= 9.875, 10.04, 11.19, 12.34, 13.047,
16.04, 22.342, 23.92, 27.04, 29.88, 16.907, 30.054, and
33.575 were found to be in good agreement with the
data of clinoptilolite (Joint Committee on Powder

Diffraction Standards JCPDS-39-1,383). After modifica-
tion with bimetallic oxides, new and sharp peaks
(2h= 37.02, 38.98, 42.88, 68.3, and 89.2) were observed
at the ZNa-AlFe sample indicating the possibility of
goethite or lepidocrocite phases. There was no signifi-
cant peak detected for Al oxides attributing to the
presence of noncrystalline aluminum hydroxide.

Scanning electron micrographs of ZNa and
ZNa-AlFe samples are shown in Fig. 3. The ZNa sam-
ple had characteristic morphology of zeolites (Fig. 3
(a)); however, after modification the oxide particles
aggregated on its surface (Fig. 3(b)). The TEM image
of ZNa-AlFe (Fig. 4) represented rod-like crystals
indicating the possibility of a-FeOOH or b-FeOOH
forms [27]. TEM-EDX analysis revealed that Fe (3.87%
wt.) and Al (4.59% wt.) were distributed on the zeolite
surface.

3.2. Development of regression model and statistical
analysis

In order to develop an optimum correlation
between factors and response, linear, quadratic,
interactive, and cubic models were applied to the
experimental data. Lack of fit test was used to find an
adequate model to predict the observed data. In the
analysis of variance (ANOVA) table, if lack of fit
p-value is greater than 0.05, the model is considered
as valid. Table 3 gives the adequacy of the tested
models. The quadratic model was found to be more
significant with p-values for lack of fit (p= 0.078 for
ZNa-AlFe). The coefficient of determination (R2) value
was found to be 0.9977, indicating that the quadratic
model fitted well and was chosen for further analysis.Fig. 1. FTIR spectrum of samples.

Fig. 2. XRD patterns of ZNa and ZNa-AlFe samples (�:
Clinoptilolite, d: Goethite, ▲ Lepidocrocite).
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The experimental and predicted response data
(Table 4 and Fig. 5) were observed to be in good
agreement. Adsorption capacities of ZNa-AlFe varied
between 0.1 and 6.6mgg�1. The Fe/Al oxide-impreg-
nated zeolite was found to be an effective adsorbent
compared to raw zeolite obtained by other researchers
[4,28].

The normal probability plot of residuals is a
diagnostic graphic to detect the deviations from
the assumptions that errors are distributed homoge-
neously or not. Anderson-Darling normality test

rejects the hypothesis of normality when p-value is
less than or equal to 0.05 and A2 is greater than the
critical value, which is 0.787 at 95% confidence level.
The plot of normal probability of ZNa-AlFe (Fig. 6)
indicated that there was no apparent deviation from
normality according to the calculated A2 (0.2801) and
p (0.6441) values.

Table 5 gives the ANOVA results of the response
surface model of As(V) adsorption onto ZNa-AlFe.
Results were checked by probability (p) value, R2, and

R2
Adj values. The results indicated that interactions of

Fig. 3. SEM micrograph of (a) ZNa (b) ZNa-AlFe.

Fig. 4. TEM images and EDX analysis.
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pH, temperature, and concentration were significant
since p-values were less than the chosen significance
level of 0.05. The values of FZNa-AlFe (341.23) and R2

(0.99772) revealed the accuracy and general availabil-

ity of the model. The value of R2
Adj was obtained as

0.9948, indicating high correlation between the
observed and the predicted values.

The Pareto chart (Fig. 7) presents the effects of the
independent variables and their interactions on the As

(V) adsorption capacity. The magnitude of the t values
reveals the significance of corresponding parameter in
the regression model. As can be shown in Pareto
chart, the linear term of initial concentration (x3)
(t= 84.128) was found to be the most effective variance
affecting arsenic adsorption. Quadratic term of
concentration (x23) and pH (x21) showed favorable effect
on adsorption capacity. The term x1.x2 was not signifi-
cant in the prediction of adsorption efficiency
(p= 0.7625).

Table 3
Adequacy of the tested models

Sum of
squares

df Mean
square

F-value p-value

Lack of fit tests

Linear 6.83279 9 0.75920 101.301 0.000234

2FI 6.38586 6 1.06431 142.012 0.000130

Quadratic 0.11126 3 0.03709 4.948 0.078237

Cubic 0.000 0

Model summary statistics

R2
R2
Adj

Linear 0.88944 0.86393

2FI 0.89664 0.83463

Quadratic 0.99772 0.99480

Cubic 0.99952 0.99807

Table 4
Observed and predicted sorption capacities

Run Independent variables As(V) sorption capacity
(mg g�1)

pH, x1 Temperature, x2 Concentration, x3 ZNa-AlFe

Coded Actual Coded Actual Coded Actual Observed Predicted

1 �1 3.0 �1 25.0 0 5.0 2.822 2.787

2 1 7.0 �1 25.0 0 5.0 3.872 3.709

3 �1 3.0 1 65.0 0 5.0 3.186 3.349

4 1 7.0 1 65.0 0 5.0 4.180 4.215

5 �1 3.0 0 45.0 �1 0.5 0.175 0.112

6 1 7.0 0 45.0 �1 0.5 0.499 0.565

7 �1 3.0 0 45.0 1 9.5 4.886 4.821

8 1 7.0 0 45.0 1 9.5 6.094 6.156

9 0 5.0 �1 25.0 �1 0.5 0.761 0.859

10 0 5.0 1 65.0 �1 0.5 0.992 0.892

11 0 5.0 �1 25.0 1 9.5 5.407 5.507

12 0 5.0 1 65.0 1 9.5 6.640 6.542

13 0 5.0 0 45.0 0 5.0 4.444 4.530

14 0 5.0 0 45.0 0 5.0 4.506 4.530

15 0 5.0 0 45.0 0 5.0 4.491 4.530

16 0 5.0 0 45.0 0 5.0 4.536 4.530

17 0 5.0 0 45.0 0 5.0 4.673 4.530
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Fig. 5. Correlation of actual and predicted As(V)
adsorption capacity.
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The BBD supplies an empirical relationship
between the dependent and independent variables.
The functional relationship between response (Yi) and
factors (xi) can be approximated by the quadratic
equation as follows:

Yi ¼ b0 þ b1x1 þ b2x2 þ b3x3 þ b12x1x2 þ b13x1x3

þ b23x2x3 þ b11x
2
1 þ b22x

2
2 þ b33x

2
3 ð6Þ

where b0 is the constant, b1, b2, and b3 are the coeffi-
cients of linear effect of the input factors, b11, b22, and
b33 are the coefficients of quadratic effects, b12, b13,
and b23 are the 2-way linear-by-linear interaction
effects of independent parameters. Based on the

regression coefficients, the empirical equation of
ZNa-AlFe was described by neglecting the insignifi-
cant effect (x1x2):

qZNa�AlFe ¼ �5:6687þ 1:9837 x1 � 0:04817 x2

� 0:0005 x22 þ 0:7283 x3 � 0:04041 x23

þ 0:02454 x1x3 þ 0:00278 x2x3 ð7Þ

3.3. Effects of process variables on As(V) adsorption

The three-dimensional (3D) response surface plots
are the best way to examine the interactions between
the factors and response. Hence, in the present study,
3D surface plots were constructed in order to
understand the effects of variables and their interac-
tions (Fig. 8(a)–(c)).

3.3.1. Effect of solution pH

The relation between the solution pH and the
removal capacity of ZNa-AlFe adsorbent is pre-
sented in Fig. 8(a) and (c). The adsorption efficiency
increased with pH ranging from 3.0 to 5.5. At
any pH above 6.0, the adsorption capacity
decreased slightly. The capacity was obtained as
3.186mgg�1 at pH 3.0 (Run #3) while it raised to
4.180mgg�1 at pH 7 (Run #4). When solution pH
was 3, As(V) removal could be through electrostatic
attractions between H2AsO�

4 and Al/FeOHþ
2 ions.

As pH was increased above the pHPZC

(pHPZC= 5.12), adsorption increased. This could be
attributed to the strong surface complexation reac-
tions between terminal aluminol/iron oxide groups
and As(V) ions [29,30].
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Fig. 6. Normal probability plot of residuals.

Table 5
ANOVA of As(V) sorption

Factors Sum of
squares

df Mean
square

F-value p-value

Model 61.93 9 6.88 341.23 <0.0001

x1 1.59803 1 1.59803 213.226 0.000128

x21 2.53425 1 2.53425 338.148 0.000051

x2 0.57031 1 0.57031 76.097 0.000951

x22 0.24089 1 0.24089 32.142 0.004774

x3 53.04243 1 53.04243 7077.514 0.000000

x23 2.97670 1 2.97670 397.184 0.000037

x1x2 0.00078 1 0.00078 0.105 0.762569

x1x3 0.19514 1 0.19514 26.038 0.006969

x2x3 0.25100 1 0.25100 33.491 0.004430

Lack of
fit

0.11126 3 0.03709 4.948 0.078237

Pure
error

0.02998 4 0.00749

Total SS 62.07353 16

R2 = 0.99772; R2
Adj = 0.9948

p=0.05
Standardized effect estimate (absolute value)

84.12796

19.92948

18.38881

14.60227

8.723383

5.787172

5.669377

5.102761

-0.323435

Fig. 7. Pareto chart of variables and their interactions.
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3.3.2. Effect of temperature

As shown in Fig. 8(a) and (b), increasing the
temperature had a favorable effect on As(V) adsorp-
tion efficiency. The As(V) adsorption capacity
increased gradually from 5.407mgg�1 at 25˚C (Run
#11) to 6.640mgg�1 at 65˚C (Run #12). The
enhancement of adsorption capacity with increasing
temperature might be attributed to the breaking of
bonds on the adsorbent surface and increase in the
diffusion rate of adsorbate ions across the external
boundary layer and in the internal pores of the
adsorbent [31].

3.3.3. Effect of initial concentration

Adsorption experiments were carried out at differ-
ent initial As(V) concentrations ranging from 0.5 to
9.5mg L�1. The combined effects of initial As(V)
concentration with temperature and pH are visualized
in Fig. 8(b) and (c). Initial As(V) concentration had a
marked favorable and considerable effect on the
amount of As(V) adsorbed onto ZNa-AlFe. The
adsorption capacities were found to be 0.175 (Run #5)
and 4.886mgg�1 (Run #7) for initial As(V)
concentration of 0.5 and 9.5mg L�1, respectively. This
phenomenon might be explained by higher driving
force to overcome mass transfer resistance between
adsorbate and adsorbent [32] or by increase in
the number of available sites on the surface with
increasing temperature [31].

3.4. Model confirmation experiments

According to the optimum predicted critical
values, a series of three-point calibration studies was
conducted. Table 6 presents the model confirmation
results at optimum point of independent factors. The
predicted adsorption capacity of ZNa-AlFe was found
to be 6.81mgg�1 and experimental capacity was
obtained as 6.62mgg�1. Model validation experiments

Fig. 8. Response surfaces for combined effect of (a)
temperature and pH at constant initial concentration of
5mg L�1; (b) initial concentration and temperature at
constant pH of 5.0; and (c) pH and initial concentration at
constant temperature of 25˚C on the adsorption capacity of
ZNa-AlFe.

Table 6
Model validation

Sample pH Temperature
(˚C)

Concentration
(mg L�1)

Capacity (mg g�1)

Predicted Experimental

ZNa-
AlFe

6.01 62.48 9.43 6.81 6.67± 0.25
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indicated that the applied method meets the criteria
set for responses and it could be further employed to
determine the significance for As(V) adsorption onto
ZNa-AlFe. Furthermore, according to the obtained
optimum conditions, the RSM investigation method
can be used especially for the treatment of arsenic-
contaminated groundwaters owing to geothermal
activities. Geothermal waters may include high level
of arsenic concentrations. There have been several
studies reported in the literature about arsenic
contamination levels which were similar to the
optimum conditions found in the previous study
[1,33–35].

4. Conclusions

RSM by BBD was used to examine the role of
three process parameters on As(V) adsorption capac-
ity. Solution pH, temperature, and initial concentra-
tion were selected as independent variables. The
response function was the As(V) adsorption capacity
of ZNa-AlFe sample. The quadratic model was
found highly to be significant according to the lack
of fit test and provided the best fit to the experi-
mental data with high p-value of lack of fit
(p= 0.078). Therefore, for further analysis the qua-
dratic model was chosen. Anderson–Darling test
demonstrated that residuals were normally distrib-
uted and the error variance was homogeneous.
ANOVA results indicated that the linear term of ini-
tial concentration (t= 84.13) was found to be more
effective than other variances. The empirical equa-
tion of adsorption capacity ZNa-AlFe (Eq. 7) was
established and it could be further employed in the
chosen range to find the adsorption capacity without
any experimental study. The quadratic form of con-
centration and pH showed favorable effect on
adsorption capacity, while the interaction of pH and
temperature was not significant in the prediction of
adsorption efficiency (p= 0.76). Solution pH of 6.0
and initial concentration of 9.4mg L�1 at 62.4˚C
were found as optimum combination of process
parameters. Higher adsorption capacities were
achieved with increasing temperature, indicating the
endothermic behavior of the process.

According to the results of the present study, it
can be concluded that the iron-aluminum binary
oxide-doped clinoptilolite has the potential to be used
as environmental benign, abundant, inexpensive, and
effective adsorbent for removing As(V) from aqueous
media. As Turkey is one of the major producers of
zeolites, the preparation of the hybrid adsorbent by

using natural zeolite will also contribute to the econ-
omy of the country.
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