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ABSTRACT

Easily separable magnetic nano alumina was synthesized for the removal of the toxic dye Congo red
from aqueous solution. Magnetic nano alumina particles were characterized by SEM-EDX. The mag-
netic property of the sorbent was evaluated by the VSM method. The obtained saturation magneti-
zation of 15.88 emu g~ showed facile separation of magnetic nano alumina. The effect of influential
parameters; pH, temperature, time, initial dye concentration and amount of sorbent on the removal
(%) were investigated. The removal (%) was mathematically described as a function of experimental
parameters and central composite design (CCD) was applied to estimate the process. The same design
was used for a three layer artificial neural network (ANN) model. The predicted CCD data vs. ANN
showed a regression value of 0.9999. This linear agreement indicated that the CCD and ANN could
ideally predict the process. The results of the two models were compared in terms of coefficient of
determination and mean absolute percentage error to indicate the prediction potential of CCD and
ANN. The obtained results confirm higher capability and accuracy of ANN in prediction compared
with CCD. The experimental data were found to be properly fitted to the Langmuir and Freundlich
model which indicates that the sorption takes place on a heterogeneous material. A sorption capacity
of 27.397 (mg g™) was achieved for Congo red.

Keywords: Removal; Congo red; Magnetic nano-alumina; Statistical modeling; Artificial neural

network; Central composite design

1. Introduction

Dyes are widely utilized in textile, printing, cosmetic and
food industries. Most of these dyes are toxic and releasing
them into water sources such as rivers, lakes and seas has
been a serious concern due to the water pollution and aquatic
living organism death. Water pollution is one of the most
considerable factors of human health. Aggregation of dyes
in water causes cancer, genetic mutation, digestive disorders
and poisoning. Congo red is one of most widespread anionic
dyes used in all dye industries to provide red color. Congo
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red accumulation in human body can cause cancer, severe
allergic reaction and acute inhalation [1, 2]. Separation and
removal of Congo red from water sources is environmentally
important. Various techniques such as oxidative degradation
[3], coagulation [4], membrane filtration [5], ozonation [6] and
adsorption [7-9] were reported for toxic dyes removal from
aqueous solutions. However, among all removal techniques,
adsorption is much more common due to the advantages of
simplicity, low cost adsorbents, easy industrialization, and
facile accessibility. Zeolite [10], active carbon [11] and alumina
are widely used for removal of different dyes. Alumina is a
prevalent sorbent which is extensively used for adsorption
of different contamination [12-14]. Magnetic sorbents have
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been introduced for adsorption techniques in last decades
which make the separation of sorbent much easier from
media and overcome the dispersion of the sorbent after
adsorption process [15-17]. Nano structure materials have
some significant properties such as larger surface area than
bulk particles which increase their application in adsorption
process [18]. No study has been reported for applying mag-
netic nano alumina for dye removal. In this study, Congo red,
as an anionic dye, was adsorbed by magnetic nano alumina
from aqueous solution.

In recent years, statistical models have been introduced to
simulate different systems. Artificial neural network (ANN)
and response surface methodology (RSM) are the most prev-
alent models which can ideally predict chemical processes
[19]. ANN is an advanced prediction model which is initially
acquired from the neurons function in human brain [20]. ANN
overcomes the drawbacks of most mathematical models due
to ANN ability in application in both linear and non-linear sys-
tems [21-24]. ANN can effectively predict complex nonlinear
relationships between parameters and prediction of output
variables. ANN has been reported for adsorption of Congo
red [25]. RSM deals with a group of mathematical and statisti-
cal techniques to fit predicted model to the experimental data.
RSM is a powerful method for prediction of large number of
processes which is applied in two common designs of Box—
Behnken design (BBD) and central composite design (CCD)
[26]. Adsorption of Congo red onto cashew nut shell using
RSM was reported previously [27]. In this study, removal of
Congo red by magnetic nano alumina from aqueous solutions
was investigated. The process was considered applying two
potent statistical models of RSM and ANN and the coefficient
of determination (R* and mean absolute percentage error
(MAPE) of RSM and ANN were compared.

2. Materials and method
2.1. Materials
Congo red (C,,H,,NNa,0,S,) (Dye content > 35%) was

purchased from §Zigr2rz1a Aldrich (Kimia-ExirCo. in Tehran,
Iran.). Hydrochloric acid, sodium hydroxide which applied
for both magnetization and setting the acidity and basicity
of the solution, were purchased from Merck. Iron (II) chlo-
ride tetrahydrate (299.0%), iron (III) chloride hexahydrate
(298%) were used for preparation of magnetic alumina.
Nano alumina (<50 nm particle size) was purchased from
Sigma-Aldrich. All chemicals used in this study were ana-
lytical grade with the highest purity available and they
were purchased from Merck and Sigma-Aldrich.

2.2. Apparatus

The pH adjustment in the process was done by 86502-pH/
ORP (AZ Instrument, Taiwan) using a combined glass calo-
mel electrode. Magnetic nano alumina was prepared using
Ultrasonic bath (Sonorex Digitec, DT255H, Germany) and
oven (Universal model UF 55, Germany). IKA overhead stir-
rer (model RW 28 digital Package, Germany) with glass stir-
rer was utilized to stir the magnetic sorbent sample solution
during adsorption process. Ultrospect 3100 pro UV-visible
Spectrophotometer (Amersham Biosciences, USA) was
employed for data analyzing. In order to characterize the

magnetic properties of synthetized magnetic nano alumina,
the vibration-sample magnetometer (Meghnatis Daghigh
Kavir Co., Kashan, Iran) was utilized.

2.3. Preparation of magnetic nano alumina

Magnetic nano alumina was prepared according to the
proposed procedure [28]. In brief, the mixture of nano alumina
in 100 mL of ammonia solution (1 M) was deoxygenated
(solution A). The solution of FeCl,.6H,O (1M) and FeCl,.4H,O
(2 M in HCI 2 M) was deoxygenated too (solution B). Then,
the two solutions of A and B were blended under nitrogen
atmosphere by ultrasonic treatment. To neutralize the
sorbent, it was washed with oxygen free deionized water for
several times. Finally, the obtained magnetic nano alumina
was dried at 50°C in the oven.

2.4. Determination of isoelectric point

The isoelectric point (pH,) or point of zero charge
(pH,,) is an indicative factor for linear range of pH sensitiv-
ity which represents the type of surface active centers and
the adsorption ability of the surface [29, 30]. To determine
the pH_ , the pH of eight dye solutions were set in the range
of 4-11 and 15 mg of sorbent was added to each solution
[31]. Then, the solutions were shaken separately and let
them to achieve to the equilibrium state for 24 h. the final
pH of the solutions were determined after the specific time.
The pH  of 8 was obtained by the plot initial pH vs. final
pH of the solution.

2.5. Adsorption procedure

10 mL Congo red solution was adjusted at the CCD
experimental design estimated values of parameters (i.e., pH,
temperature, time, initial dye concentration, and amount of
magnetic nano alumina). Then, the magnetic nano alumina
was separated from the aqueous solution by an external
magnet and the upper aqueous phase was determined by
UV-Visible spectrophotometer.

The uptake of adsorbate can be expressed as follows: [32]

Q=(C,-C)/S )

where Q, is the adsorbate concentration adsorbed at the
equilibrium condition (mg of adsorbate/g of adsorbent);
C, is the initial dye concentration in the solution (mg L™);
C, is Equilibrium concentration or final dye concentration
(mg L7); S is Dosage concentration which is obtained as
following Eq. (2):

S=mlv 2)
where m is the adsorbent mass (g) and v is the volume of
adsorbate solution (L).

Finally the percentage of adsorption percentage can be

stated according to the following equation:

Adsorption percentage (%) = (C,—C) / C,x 100 3)
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3. Experimental design models
3.1. Response surface methodology

RSM is one of the factorial designs for statistical analy-
sis. RSM is a mathematical and statistical method which is
based on the fit of empirical models to the experimental data
obtained from experimental design [26, 33]. RSM consists of
two designs of CCD and BBD. CCD and BBD are successfully
applied in dye removal techniques [34-36]. The optimization
of adsorption process was carried out using experimental
design of CCD as a partial factorial design. The experimental
design was done by MINITAB software version 16.0 to opti-
mize the influential factors of pH, temperature, time, initial
dye concentration and amount of sorbent on dye adsorption.
Table 1 shows different variables, the symbols and levels.

The precision of the process was evaluated by the three
replicates at the center of the design. In order to depict the
interaction of the factors in the process, a full quadratic equa-
tion was used as follows:

k i<j
Y =b,+ ) bx,+ Zk:bﬁxf + Z]:Zngix,- @)
i1 i1 R

where Y is the estimated response and b, b, b, and b,.]. are the
regression coefficients for the intercept, linearity, square and
interaction terms, respectively, and x, and x; are the coded
independent variables.

3.2. ANN

In the present study, Neural Network Toolbox Version
6.0.4 of MATLAB® R2010, mathematical software, was applied
to predict the process. A three-layer ANN with tan-sigmoid
and purline function was used for hidden and output layers
as transfer functions respectively. A sigmoid function is a
bounded differentiable real function that is defined for all real
input values and has a positive derivative at each point [37].
The tan-sigmoid transfer function is stated as follows [38]:

Fx)=1/(1+exp (-x)) ©)

In the applied ANN, feed forward back propagation
(FFBP) was used as training algorithm. Generally, for FFBP,
the final calculated outputs are compared with the experi-
mentally obtained outputs, and the errors are calculated.

Table 1
Coded setting and experimental range of variables for removal
of Congo red according to the central composite design

Variables Symbols Ranges and levels

2 -1 0 +1 +2
pH x, 55 65 75 85 95
Time (min) x, 5 15 25 35 45
Temperature (°C) x, 25 35 45 55 65
Initial dye concentration x, 10 20 30 40 50
(mg L)
Amount of sorbent (mg) x, 15 25 35 45 55

These errors are then propagated backwards and used for
adjusting the weights of neurons. Training network is con-
sidered as the process of using the experimental outputs to
minimize the mean squared error. The weights of the trained
network are stored, and can be applied later for predicting
the outputs of a different set of inputs. The obtained exper-
imental data predicted by CCD were considered by ANN.
Thirty-two experimental points were used to feed the model,
and then 26 and 6 data points as training and test sets were
applied, respectively, for data set deriving. Normalization of
data points was carried out using tan-sigmoid transfer func-
tion in the range of [-0.9, 0.9] as follows:

X =18(X-X

norm

V(X -X

max min:

)-0.9 (6)

min-

where X is variable, X  , X _ are minimum and maximum
values, respectively.

4. Results and discussion
4.1. Characterization of magnetic nano alumina

The nano structure of the magnetic nano alumina was
considered by the SEM image (Fig. 1). The chemical com-
position of magnetic nano alumina, containing Al (%) of
29.11, O (%) of 50.84 and Fe (%) of 20.05 were achieved by
EDX (Fig. 2 and Table 2). The magnetic properties of the
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Fig. 1. The SEM image of magnetic nano alumina: (a) 500 nm
scale, (b) 200 nm.
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Fig. 2. The EDX image of magnetic nano alumina.
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Table 2
The chemical composition of magnetic zeolite obtained by EDX
Element W% (weight percent)
O 50.84
Al 29.11
Fe 20.05
Total 100.00
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Fig. 3. The hysteresis loops of magnetic nano alumina.

magnetic nano alumina was confirmed by the VSM analysis
(Vibrating Sample Magnetometer). The magnetic curve in
Fig. 3 shows appropriate super paramagnetic property of
magnetic nano alumina due to no hysteresis loop and no
eminence existence. While the magnetic nano alumina
was exposed to an external magnetic field, it reserves no
magnetization and redisposed after magnetic field removal.
The saturation magnetization of 15.88 emu g at 298 K was
observed which proved the attraction of magnetic nano
alumina by an external magnet.

4.2. CCD Modeling

The adsorption percent of Congo red as a function of
the independent variables within the region of investigation
(i.e., aqueous solution) is expressed by Eq. (7):

Y =70.751+0.329 x, +1.579 x, —2.437 x, +0.479 x, +7.237 x,
—5.76364 x? —2.56364 x> + 4.17386 x3 —2.45114 x?
—0.463636 x2 +2.93125 x,x, —5.80625 x,x, — 4.28125 x,x,
+1.74375 x,x, —5.33125 x,x, — 0.406250 x,x, + 3.56875 x,x
—1.79375 x,x, +2.48125 x x

)

Maximum adsorption percent of 99.50% was achieved
under the optimum predicted conditions of pH of
7.12, temperature of 25°C, time of 22.03 min, initial dye
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concentration of 16.43 mg L™, and magnetic nano alumina
amount of 48.47 mg. The experimental data were analyzed
by response surface design (RSD) using the Minitab soft-
ware. Table 3 shows the MINITAB predicted and experi-
mental responses for 32 runs by CCD model of Congo red
adsorption. The results of the statistical analysis includ-
ing, the estimated regression coefficients and p-values
are tabulated in Table 4. The p-values for all variables in
the model are all <0.05, which indicate that the applied
model is successfully made an ideal prediction for the
process with a linear relationship between the variables.
The p-values for all variables in the model which are >0.05,
indicate the non-linear relationship between the interest
variables; therefore, these variables would be omitted
from the proposed equation for the process. In each run,
the predicted results were calculated by substituting the
coefficients and numerical values of the variables in Eq. (7).
The linear regression coefficients (R?) of 0.9995 for the pre-
dicted data vs. experimental data proved good agreements
between predicted and experimental responses. The
adjusted R* were 99.90%, which reveal the ability of the
developed model to predict the percent of dye adsorption
in the proposed process.

4.3. Effect of variables on dye removal

The influence of five parameters of pH, temperature,
time, initial dye concentration and amount of magnetic nano
alumina on dye adsorption and their interactions were stud-
ied. The obtained results from CCD prediction are shown in
Fig. 4.

4.3.1. The effect of pH

Considering the nature of cationic or anionic dyes,
acidity or basicity of the solution is a key factor in the process.
Therefore, the pH of the sample solution was considered in
the range of 4.5-10.5, using hydrochloride acid and sodium
hydroxide. Fig. 4(a)-(d) show that as the pH solution
increased to 7.12, the removal (%) increased and then pH
decreased up to 7.12. Therefore, the optimum pH of 7.12 was
chosen for the process. It seems that at basic conditions (high
pH), the surface of the adsorbent becomes negatively charged
by hydroxide ions which reduces the electrostatic interaction
and the attraction of anionic dye (Congo red) on the nega-
tive surface of the adsorbent [39, 40]. At low pH, the surface
of sorbent is positively charged which intensifies the Congo
red adsorption on the surface. Moreover, the optimum pH
was lower than pH__which was expected for anionic dyes
(pPH<pH,,) [41].

4.3.2. The effect of temperature

Generally, in all adsorption processes, temperature plays
an important role. The type of dye (cationic or anionic dyes)
can provide exothermic or endothermic system [30]. In an
endothermic system, as the temperature increases, the per-
cent of adsorption increases due to the adsorption capacity
enhancement. Interestingly, the adsorption of anionic dyes is
exothermic. Since Congo red is an anionic dye, this statement
came true for it. In an exothermic system, the mechanism is
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Experimental matrix for five-level-five factors CCD for removal of Congo red
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Exp.No. Factors

Removal (%)

pH Temperature  Time Initial dye con. M.A.amount  Obtained  Predicted
°C) (min)  (mg L) (mg) CCD ANN

1 7.5 25 45 30 35 70.6 70.751 70.683

2 7.5 25 45 30 15 55.1 54.422 54.727

3 8.5 15 35 20 25 67.2 67.441 67.333

4 7.5 25 45 30 35 70.6 70.751 70.683

5 6.5 15 55 20 25 64.2 64.233 64.218

6 7.5 5 45 30 35 56.9 57.338 57.141

7 7.5 25 45 30 55 83.1 83.372 83.250

8 7.5 25 45 10 35 60.5 59.988 60.218

9 6.5 35 55 40 25 60.8 61.000 60.910
10 7.5 25 25 30 35 92.8 92.322 92.537
11 8.5 35 35 40 25 54.3 54.708 54.524
12 7.5 25 45 50 35 61.8 61.905 61.858
13 7.5 25 45 30 35 70.7 70.751 70.728
14 7.5 25 65 30 35 82.5 82.572 82.540
15 8.5 15 55 20 45 54.9 54.766 54.826
16 6.5 35 35 20 25 57.1 57.591 57.370
17 6.5 15 35 40 25 48.6 48.616 48.609
18 9.5 25 45 30 35 48.7 48.355 48.510
19 8.5 35 55 40 45 70.3 70.333 70.318
20 6.5 35 55 20 45 54.0 54.116 54.064
21 5.5 25 45 30 35 47.1 47.038 47.066
22 6.5 15 35 20 45 58.5 58.433 58.463
23 8.5 15 35 40 45 62.5 62.350 62.418
24 8.5 15 55 40 25 53.5 53.450 53.473
25 6.5 15 55 40 45 87.9 87.541 87.703
26 7.5 25 45 30 35 70.7 70.751 70.728
27 8.5 35 35 20 45 104.2 104.525 104.379
28 7.5 45 45 30 35 64.5 63.655 64.035
29 6.5 35 35 40 45 75.2 75.300 75.255
30 8.5 35 55 20 25 44.1 44.525 44.334
31 7.5 25 45 30 35 70.7 70.751 70.728
32 7.5 25 45 30 35 70.8 70.751 70.773

Table 4
Analysis of the variance (ANOVA) for the fit of the experimental data to response surface model
Sources Degree of freedom Adjusted sum of Adjusted mean F value P value
squares squares

Regression 20 5,874.12 293.706 1,035.65 0.000
Linear 5 1,467.71 293.542 1,035.07 0.000
Square 5 1,930.03 386.006 1,361.12 0.000
Interaction 10 2,476.38 247.638 873.21 0.000
Residual error 11 3.12 0.284
Lack-of-fit 6 3.09 0.515 90.92 0.000
Pure error 5 0.03 0.006 — -
Total 31 5,877.24 — — —
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Fig. 4. The surface plots: showing the effect of five interest parameters on the percent of Congo red removal at optimum conditions of
7.12, 25°C, 22.03 min, 16.43 mg L7, and 48.47 mg, for pH, temperature, time, initial dyes concentration and adsorbent mass.

vice versa. Increasing the temperature results in decrease in
the sorptive forces between the active sites on the sorbent and
the dye molecules [42]. The effect of temperature was stud-
ied in the range of 25°C-65°C. As shown in Fig. 4(c), (g), (h)
and (i), by increasing the temperature, a very slight decrease
was observed in percent of removal which can be neglected.
Therefore, for ease of process, the optimum temperature of
25°C was considered.

4.3.3. The effect of time

One of the most important factors in all chemical pro-
cesses is reaching to the equilibrium state. In adsorption
process, the equilibrium between aqueous solution and

sorbent can noticeably influence the dye removal (%).
Consequently, the adsorption time was considered in the
range of 5-45 min. As shown in Fig. 4(d), (e) and (f), by
increasing the contact time, the removal (%) increases to
22.03 min and remains nearly constant in the range of 22.03—
45 min due to the more accomplishment of the adsorption.
Hence, the optimum time of 22.03 min was achieved for fur-
ther studies.

4.3.4. The effect of initial dye concentration and amount of sorbet

The vacant binding sites on the surface of the adsorbent
and the concentration of the dye are two important factors
that directly the percent of dye removal in the solution.
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Therefore, initial dye concentration was considered in
the range of 10-50 mg L. As the dye concentration increases
the active sites saturates the magnetic nano alumina [43].
Fig. 4(b), (f), (h) and (j) show that dye removal percent is
almost constant from 10 to 16.43 mg L™ and up to 16.43 mg L
a decreasing trend is observed. Hence, the optimum dye con-
centration of 10-16.43 mg L™ was considered for the process.
It can be stated that the more the amount of sorbet is the more
the vacant and unoccupied sites are on the adsorbent struc-
ture to adsorb the dye molecules and also the more contact
surface will be provided [30]. The results in Fig. 4(a), (e), (g)
and (j) show the dye removal percent has an increasing trend
and the optimum sorbent amount of 48.47 mg was selected
for the process.

4.4. ANN modeling

The input variables of trained ANN are pH, tempera-
ture (Temp.), time, initial dye concentration (Conc.), and
amount of magnetic nano alumina (M.A.) and the outputs
is adsorption efficiency of Congo red. Fig. 5 represents the
topology of ANN in which the number of layers, neurons
of each layer and their interconnects are clarified. Table 2
shows the predicted values by ANN. The regression analy-
sis between experimental data and predicted data by ANN
showed R? value of 0.9998 which represented proper agree-
ments between predicted and experimental responses. The
main purpose of ANN training is to obtain the best weights
with minimum values of prediction error. The number of
neurons in hidden layer, transfer functions and repetition of
training step were changed to calculate the minimum predic-
tion error. Several topologies were investigated to obtain the
optimum number of neurons in hidden layer, various topol-
ogies were considered. The error of each topology is shown
in Fig. 6. The ANN with 11 neurons in hidden layer has the
minimum value of mean square error (MSE). The most profi-
cient and capable experimental model supplies the minimum
MSE. The equation of MSE function is as follows:

Removal (%)
—_—

Fig. 5. Optimized topology of artificial neural network.
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Fig. 6. The mean square error based on variation of neurons in
hidden layer.
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where Y_ is the experimental output, Ypre is the network out-

put and N is the number of data points [44].

The accuracy of ANN was investigated by using test data
set (Table 5). The values of MAPE were acquired 0.2% which
reveals high accuracy of the ANN model for process. Fig. 7
represents the MAPE (%) of RSM (CCD) and ANN vs. num-
ber of experiments. It is obvious that the MAPE value of RSM
model is more than ANN model for each experimental test.
Therefore, the accuracy of ANN model is higher than RSM
model.

5. Regeneration of adsorbent

The used sorbent can be regenerated by a suitable sol-
vent. To this aim, the polluted sorbent was washed by meth-
anol, ethanol, and acetone. The desorption percent of 60%,
92%, and 65% were obtained at 35°C for methanol, ethanol,
and acetone respectively. Therefore, ethanol was chosen as
regenerative solvent.

6. Adsorption isotherms

The adsorption isotherm is one of the most important
criteria for an adsorption process. The adsorption isotherms
refer to the partition of adsorbate molecules between the
liquid phase and solid sorbent in the adsorption process.
In fact, the adsorption isotherms clarify the relationship
between the adsorbent and adsorbate at a specific tempera-
ture. The adsorption isotherm indicates information of how
much material will adsorb for a known set of state variables.
The amount of adsorbed material can be given as surface
coverage, i.e., the fraction of occupied/available sites taken
up by the sum of particles adsorbed in the first monolayer.
In practice, the uptake of adsorptive of a given catalyst
material is a decisive quantity, since a high uptake usually
means a (desired) high catalyst efficiency. The respective
uptake is often called sorption capacity and characterized
by the sorption (or adsorption) isotherm. The form of the
sorption isotherm provides a lot of first-glance information
about the chemical and physical properties of the catalyst
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Table 5

Comparative results of the experiment and predicted values by ANN and CCD for test data set

No. Factors Adsorption (%) APE (%)

pH Time Temp Initial dye M.A.C amount Exp. ANN CCD ANN CCD

(min) (°C) con. (mg L) (mg)
1 7.5 25 45 30 35 70.6 70.751 0.214 70.683 0.118
2 8.5 35 35 40 25 54.3 54.708 0.751 54.524 0.413
3 6.5 35 35 20 25 57.1 57.591 0.860 57.370 0.473
4 55 25 45 30 35 47.1 47.038 0.132 47.066 0.072
5 8.5 15 55 40 25 53.5 53.450 0.093 53.473 0.051
6 6.5 35 35 40 45 75.2 75.300 0.133 75.255 0.073
MAPE (%) 0.36 0.20

12 14 16 18 20 22 24 26 28 30 32

Number of Experiment

Fig. 7. MAPE (%) of RSM (CCD) and ANN vs. number of exper-
iments.

material and about how the adsorption process proceeds
over a given surface. In principle, various kinds of isotherms
(such as Linear, Langmuir, Freundlich, and BET) can be dis-
tinguished, depending on the nature of the catalyst and the
kind of interaction [45]. Therefore, to evaluate the adsorption
isotherm of the proposed method, the common isotherms
of Langmuir and Freundlich were studied at different con-
centrations in the range of 5-200 mg L™ at optimum condi-
tions. Langmuir isotherm has a rational basis and implies the
monolayer adsorption on a homogenous adsorbent. As a site
is occupied by an ion, no further molecule can be adsorbed at
that site [46]. The Langmuir equation is as follows [47]:

C/Q=1/Qn+C/Q, ©)

where Q is the saturation adsorption capacity (mg g™') and
b the constant related to the free energy of adsorption were
obtained from the slope and the intercept of equation. The
plots of Q vs. C, and C/Q, vs. C, are shown in Fig. 8. The
favorability of Congo red adsorption onto the magnetic nano
alumina can be assessed by dimensionless constant called
separation factor, R, (Eq. (10)).

R, =1/(1+0bC) (10)

In this equation, C; (mg g) is the highest initial ions
concentration in adsorption isotherm studies. The value of
R, implies the unfavorable (R, > 1), linear (R, = 1), favorable
(0 <R, <1), and irreversible (R, = 0) type of the adsorption

isotherm. As the results show in Table 6, the values of R, for
two ions are 0 < R, <1 which are favorable for adsorption
isotherm [15, 48].

The Freundlich isotherm is an empirical equation which
is commonly applied for many adsorption processes. The
Freundlich isotherm was also considered for the process
applying Eq. (11) as below:

Q,=K,C, 1)
This can be linearized as follows:
Log Q,=log K. +1/nlog C, (12)

where the K, is Freundlich constant related to the adsorbent
capacity, and #n is the constant indicative to the intensity of
the adsorption process. The values of the constant 1 and K,
were calculated from the slope and the intercepts of equation
and shown in Table 5. The Langmuir and Freundlich iso-
therm plots are shown in Fig. 8. The Freundlich intensity con-
stant of Congo red was as 1 > 1 which shows the significant
adsorption of Congo red in the proposed procedure even at
high ions concentration. The diagrams showed models were
ideally fitted to the data of adsorption of Congo red. As it
is obvious, Langmuir isotherm plots were obtained by mean
correlation coefficient of 0.9138. In addition, Freundlich iso-
therm was satisfactorily to describe the adsorption of Congo
red on magnetic nano alumina.

7. Real sample analysis

The proposed process was carried out on two river water
samples which had the possibility and potential of dye pol-
lution due to their closeness to the companies and factories
using dye in their industrial processes. As the results show in
Table 7, at optimum conditions the prepared sorbent could
ideally adsorb Congo red from the industrial samples.

8. Comparison of the maximum adsorption capacity with
other studies

Removal Congo red from aqueous solution with magnetic
nano alumina was compared with some other studies. As the
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Fig. 8. The adsorption isotherms: (a) Langmuir isotherm plots,
(b) Freundlich isotherm plot and (c) obtained at optimum
conditions.

Table 6

Table 7
Analysis of real sample

Sample Spiked Measured Removal
(mg L) (mg L) (%)
Karoon River® 0 1.8 —
5 7.2 102.0
15 17.0 92.0
Maroon River® 0 11 —
5 6.3 96.0
15 15.9 98.7

2 Karoon river in Ahvaz, Khozestan Province, Iran
b Maroon river in behbahan, Khozestan Province, Iran

Table 8

Comparison of maximum adsorption capacity of the proposed
sorbent with other studies

Sorbent Qi Reference
Magnetic alumina 26.04 This study
Apricot stone 23.42 [49]
Banana peel 18.2 [50]
Pineapple 11.966 [51]
(Ananas comosus) plantstem

Roots of Eichhornia crassipes  1.58 [52]

results indicated in Table 8, the proposed sorbent has accept-
able maximum adsorption capacity of 26.04 mg g. Besides
the acceptable maximum adsorption capacity of magnetic
nano alumina, the facile separation of the magnetic sorbent
from the media is the significant advantage of this sorbent.

9. Conclusions

Magnetic nano alumina was prepared and used for
removal of Congo red from aqueous solution. The optimum
conditions of 7.12, 25°C, 22.03 min, 16.43 mg L7, and 48.47
mg, for pH, temperature, time, and initial dye concentration,
and amount of sorbent were acquired, respectively. The max-
imum experimentally achieved removal percent of 99.5 + 0.2
was obtained under optimum conditions which represents the
significant potential of the synthetized sorbent. The adsorp-
tion isotherms studies indicated favorable fitting of the pro-
cess in Langmuir and Freundlich isotherms. Two statistical
models of RSM and ANN were applied effectively to predict
the process with MAPE (%) of 0.36 and 0.20, and the determi-
nation coefficient (R?) of 0.9995 and 0.9998, respectively. The
results proved that ANN was more powerful and capable for
estimation of the proposed method. Moreover, the proposed

Isotherm parameters for adsorption of Congo red (CR) onto the magnetic nano alumina at the optimum conditions

Dye Langmuir isotherm Freundlich isotherm
Q,.(mgg?)  b(Lmg) R? R, K, 1/n N R?
CR 26.0416 0.09148 0.9138 0.0518 2.1552 0.614 1.6286 0.8405
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sorbent of magnetic nano alumina utilized in this study can be
properly applied in industrial scale due to low-cost sorbent,
easy separation and high percent of dye removal.
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