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Abstract

Background: Today, due to increasing usage of dyes in various industrials and their destructive effects
on health and environment, it is necessary to remove them from industrial wastes. Although there are
few studies on the use of rice bran modified with polyaniline (RB/PANT) for removal of different dyes,
but the effect of this adsorbent on the removal of Acid Orange 7 (AO7) dye has not been evaluated yet.
Therefore, this study was conducted to investigate the removal of AO7 dye by RB/PANI as an adsorbent.
Methods: The adsorbent characteristics were determined using scanning electron microscopy (SEM)
and Fourier transform infrared (FT-IR) spectroscopy. Also, the adsorbent surface area was measured by
Brunauer-Emmett-Teller (BET) technique. The method of one-factor-at-a-time was used to optimize
various factors including pH, temperature, and adsorbent dosage.

Results: The optimal values for the factors affecting AO7 dye removal were calculated. It was revealed
that the maximum dye removal was obtained at pH = 3, temperature = 25°C, dye concentration = 30
mg/L, adsorbent dosage = 30 mg/L, and contact time= 60 minutes. The maximum removal percentage
for RB/PANI was 97.13%. It was also revealed that Langmuir isotherm is the best fitted isotherm model.
Conclusion: According to the results, the polyaniline-modified rice bran could be used as an excellent
adsorbent for the removal of AO7 from aqueous solutions. The maximum dye removal efficiency for
AO7 was obtained at pH = 3. Also, it was revealed that AO7 dye removal follows the pseudo-second-
order kinetic model and it is a spontaneous process.
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Introduction

Contamination of water resources by various contaminants
has always been a critical global environmental issue.
Among various contaminants of water, dyes in many
views are considered as the most dangerous contaminants
(1). Synthetic dyes are widely used in various industries
such as textile, leather, food, hygienic-cosmetics, printing,
paper, plastic, and pigment production (2,3). In textile
factories, for example, large volumes of water are used
through dying phases. Considering the fact that dye is
never perfectly fixed on textiles, the wastewater produced
by these industries usually contains high amounts of
dye (4). Studies show that 700 to 1000 million tons of
various dyes are annually synthesized in countries around
the world, of which almost 10% to 15% entering the
environment without going through any treatment (5).
In addition, 70% of the total dyes producing in the world
belong to the family of Azo dyes, which are highly stable

and non-biodegradable in nature environments, and also
have toxic, mutative, and carcinogenic effects due to their
nitrogen double bond and aromatic rings (6,7). Some of
these dyes are not only toxic, but also threaten aquatic life
and its biological systems. Even low concentrations of dyes
can reduce water clarity, so they can affect photosynthetic
and photochemical activities through impeding the light
penetration into the water. On this basis, it seems crucially
necessary to find an effective and cost-effective solution
for the removal of contaminants and recycling of water
(8). Several methods have been proposed for removal
of dye from aqueous solutions, which can be divided
into three categories of physical (9), chemical (10), and
biological (11). Among the physiochemical solutions, the
process of adsorption is considered as an effective and
cost-effective method for removal of dye from wastewater
produced by textile industries (12). The main benefits
of this method include simple design, simple control,
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suitable speed, high efficiency, and cost-effectiveness
(13). Recently, several studies have been conducted on
using inexpensive adsorbents produced from agricultural
wastes such as stick powder (14), corn stems (15), and
garlic skin (16), peanut hull (17), and rice bran (18). Due
to their special chemical structures, these materials are
able to absorb cationic materials such as heavy metals
and cationic dyes, and their surfaces can be chemically
modified, so they can be applied for the absorption of
anionic dyes as well. One of these modifiers is polyaniline,
which is an aromatic amine with unique properties such
as being easily protonated, being perfectly stable, being
doped rapidly and easily, having extensive spreading
ability, being economic, having several factor groups on
the surface, and recyclability (19,20).

Polyaniline has an extensive active surface, and since
it is insoluble in aqueous solutions, it can be easily
separated from these solutions. Therefore, the formerly
mentioned conducting polymer of Polyaniline has been
widely used for the removal of contaminants present in
water. However, it is worth mentioning that due to the
insolubility of polyaniline in aqueous solutions, it is not
able to remove the contaminants on its own surface, hence,
in many studies, polyaniline has been used as the modifier
of the surfaces of adsorbents (21). The present study
genuinely aimed to investigate the removal efficiency of
Acid Orange 7 (AO7) dye using rice bran modified with
polyaniline (RB/PANI).

Materials and Methods

Reagents and Materials

The dye of AO7 (C.H, N,NaO,S molecular formula)
with a molecular weight of 350.3 g/mol was purchased
from Alvan Sabet Company of Hamedan, Iran (Figure 1).
Aniline and ammonium persulfate were purchased from
Merck Company. To adjust pH, HCl and NaOH 0.1 M
were used. The unwashed rice bran was supplied by Qadir
Rice Factory (Jozdan, Isfahan).

Apparatus

A single-radiation UV-Visible spectrophotometer (UV-
2100PC,JENUS, China) was used to measure the absorption
spectrum of samples. In this study, the concentration of
AQ7 dye was spectrophotometrically measured at a wave
length of 478 nm (19). A digital pH-meter (Jenway 3020,
UK) was used to measure pH. To separate adsorbent from
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Figure 1. Structure of AO7 dye.

the solution, the samples were centrifuged by Sigmal01
at 5000 rpm. In order to mix the solutions, a magnetic
stirrer (MR3001, Heidolph, Germany) was used. The
morphology of RB/PANI was evaluated using a scanning
electron microscopy (SEM) (XLC30, Philips, Netherland).
The materials were measured using a digital scale (Extend
model, Taiwan) with a precision scale of 0.001 g. The
FT-IR (Tensor model, Germany) was used to detect the
existence the functional groups of RB/PANI. In this study,
all the experiments were repeated two times to ensure the
trustworthiness of the results.

Analysis and Measurement

Preparation of Acid Orange 7 Solution and Calibration
Curve

Firstly, a basic solution with concentration of 1000 mg/L
was produced using AO7 dye. For this purpose, 1 g of the
dye was poured into a 1000 M container, and then, it was
brought up to the desired volume using distilled water. In
addition, 5 mL of acetone was also added to the container
for better dye solvation. In order to produce the solutions
required for the experiments, the basic solution was
diluted. In order to calculate the maximum wavelength, 10
mg/L of AO7 dye was put in a UV-Vis spectrophotometer.
The adsorption of the dye was reported at the wavelength
of 300 to 700 nm. The results also showed that the
maximum absorption of the dye was at the wavelength of
494 nm, accordingly, the calibration curve of the dye was
drawn, which was equal to R*= 0.9989. The percentage of
dye removal by the rice bran modified with Polyaniline
was calculated using Eq. (1).

Ay—A

Decolourization(%) = OA— % 100 (1)
0

Where A denotes the initial adsorption value of the dye

solution in the absence of the adsorbent and A denotes

the dye solution final adsorption value after adding the

adsorbent.

Preparation of adsorbent

To remove the possible contamination from the purchased
rice bran, 100 g of rice bran was washed with 0.1 M nitric
acid solution three times. Afterwards, it was again washed
with distilled water a few times so that the pH of the
solution under the filter paper was adjusted with the pH
of distilled water. Then, 10 g of the prepared rice bran and
4 g of aniline were poured into a container. Afterwards,
250 mL of 1.0 M HCI as the polar solvent was added to
the mixture, and then, the mixture was stirred for at least
30 minutes using a stirrer. In another container, 15 g of
ammonium persulfate was added to 250 mL of 1.0 M HCL.
Once the content of the first container was stirred for at
least 30 minutes, the contents of the second container
were poured into the first container, and the container was
put on the stirrer for another 2 hours until the completion
of the reaction. Afterwards, the stirred final solution
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was poured onto a filter paper and washed with distilled
water until the pH of the solution in the container under
the filter paper was equalized with the pH of distilled
water. Ultimately, the resulting paste was put close to
a dehumidifier in a desiccator for 24 hours until it was
completely dried (22).

PH effect on the dye removal process

The most effective parameter on the removal of dye is pH,
which not only affects the surface load of the adsorbent,
but also affects the ionization of the materials present in
the solution, and factor groups on the active sites of the
adsorbent as well. In order to investigate the effect of pH
on dye removal, six containers (100 mL) containing 100
mL of 30 mg/L AO7 solution were prepared. The solutions
pH were adjusted to 2-10 through adding suitable amounts
of 0.1 M HCI and NaOH. It is worth mentioning that
for both adsorbents (rice bran and RB/PANI), the fixed
dosage of 30 mg/L was selected. The solutions were put on
a magnetic stirrer for 60 minutes at temperature of 25°C.
For better separation, a centrifuge device was used in all
experiments. At the end, the solutions were filtered with
a filter paper. The absorption of solutions was measured
using the UV-Vis spectrophotometer at a wave length of
494 nm, and then, compared with the initial absorbance
before adding the adsorbents.

Effect of dye concentration on removal process

Dye concentration is another effective factor in dye
removal by the adsorption. In order to reach an optimal
initial concentration, the experiments performed in
the previous steps were performed again under similar
conditions, but with altered dye solution concentrations.
In this regard, 100 mL of AO7 dye solution with various
concentrations of 5, 10, 15, 20, 25, 30, 35, 40, and 45
mg/L was prepared with adsorbent dosage of 30 mg/L,
fixed stirrer speed, temperature of 25°C, and pH of 3 and
contact time= 60 minutes.

Effect of adsorbent dosage on dye removal process

In order to determine the optimal adsorbent dosage, 100
mL of the dye solution with the optimal concentration
of 30 mg/L with respectively 10, 20, 30, 40, and 50 mg/L
of each adsorbent was poured into containers separately.
The condition for all solutions was pH = 3, temperature
= 25°C, contact time = 60 minutes, and the stirrer speed
remained constant.

Effect of contact time on dye removal process

In order to investigate the effect of contact time on the dye
removal performance of the adsorbents at temperature
= 25°C, AO7 dye solutions with initial concentration of
30 mg/L and pH of 3 were prepared in 100 mL samples.
To each sample, 30 mg/L of the adsorbent was added and
the solutions were afterwards put on a magnetic stirrer
at a fixed speed for 15, 30, 45, 80, 100, and 120 minutes,

respectively.

Effect of temperature on dye removal process

To study the effect of temperature on the adsorption
process in the desired samples, samples were provided
under similar conditions to the previous sections (pH = 3,
adsorbent dosage = 30 mg/L, and initial concentration of
dye = 30 mg/L) and put on the stirrer at temperatures of
30, 35, 45, 50, 60, 70, and 80°C for 60 minutes.
Adsorption Isotherms: Adsorption isotherm is a curve
that expresses the variation in the amount of material
adsorbed by the adsorbent at a constant temperature. In
order to express the relationship between adsorption and
the concentration of the dye remaining in the solution,
various different models are usually used, among which
the models of Langmuir, Freundlich, Temkin, D-R, and
Generalized were used in the present study (23).
Langmuir Isotherm Model: The Langmuir adsorption
isotherm model includes single-layer adsorption,
assuming that bio-adsorption takes place monotonously.
Based on this adsorption energy model, when the
adsorbent surface is all unified, the molecules of the
adsorbate will not be able to move on the surface of the
adsorbent. The Langmuir equation is expressed in Eq. (2):

C, 1

1
(x/m) =E+EC“’ (2)

where C, denotes the concentration of the adsorbate in
a balance mode, parameters a and b are the Langmuir
adsorption constants, and x/m is the amount of adsorbed
dye per weight of the adsorbent (24).

Freundlich Isotherm Model: This model expresses
adsorption in a heterogeneous surface in terms of
adsorption energy, and is expressed as the Eq. (3).

1
log qe = logKs + ;log(Ce) (3)

where K, and n are Freundlich constants, logK, denotes
y-intercept, 1/n is the slope of Freundlich curve, and q_
denotes the adsorption capacity in a balance mode. This
model is best applicable to low densities (25).

Temkin Isotherm Model: This model is used to estimate
the effects of indirect interactions between the adsorbent
and adsorbate in the process of adsorption. It is worth
mentioning that this isotherm is only applicable to a
medium range of ion concentration. The Temkin isotherm
equation is expressed as Eq. (4).

de = By In(Kp) + By In(Ce) (4)

where K is the equation constant (L/mg). The constants
of K, and B, can be calculated through drawing the q,
curve according to In(C) (26).

D-R Isotherm Model: In this model, the mechanism of
adsorption is described through distribution of Gaussian
energy for heterogeneous surfaces. Similar to Temkin

Environmental Health Engineering and Management Journal 2019, 6(3), 203-213 | 205



Bagheri and Mardani

model, this model is only applicable to a medium range
of ion concentration. The D-R isotherm is presented in
Eq. (5) (27).

In(qe) = In(qmax) — Be? (5)

where q denotes maximum adsorption capacity (mg/g)
and ¢ is the D-R constant and is obtained through Eq. (6).

2

£ = [RTln (1 + Cle)] (6)

where R is the ideal gas constant (8.314 J/mol.K) and T
denotes temperature (K).

Generalize Isotherm Model: This model is expressed by Eq.
(7).

In [(qu:) - 1] = In(Kg) — NIn(C,) )

where K denotes the saturation constant (mg/L), N
denotes the group connection constant, q_  denotes
the maximum adsorbent adsorption (mg/g), C, and q,
denote the balanced concentration of dye in solution and
adsorbent, respectively. K _and N can be obtained through
drawing the diagram of mn [(%) - 1] based on In(C,) and
finding its y-intercept and slope (28).

In the present study, the above-mentioned isotherm
models were used to evaluate and analyze the data obtained
from the experiments. The parameters obtained from
different models provide important information about
the mechanism of bio-adsorption, the properties of the
surface, and the adsorption willingness of the adsorbent.
Linear regression is usually applied to determine the
best adsorption isotherm while the applicability of the
adsorption equation is determined through calculating
the coefficients of the equation.

Adsorption kinetics

The kinetics of adsorption sheds light on the chemical
and physical properties of adsorbent and the adsorbate
particles, and also reveals the influence of adsorption
mechanism. In order to determine the mechanism of
adsorption process, several parameters including chemical
reactions, penetration control, and mass transmission are
usually investigated in multiple kinetics models under
various laboratory conditions. In the present study,
however, the four models of pseudo-first-order, pseudo-
second-order, intramolecular penetration, and Elovich
model were used.

Pseudo-First-Order equation

The pseudo-first-order equation is usually used to
determine the speed of the adsorption of a material
dissolved in a solution It is expressed as Eq. (8).

In(ge — q¢) = Ingeq — Kt (8)

Where q, and q, denote the amount of AO7 dye adsorbed
during a balance mode and at time of t(min), respectively,
and K| is the constant of adsorption speed (min™),
supposing that the variable is linear, K, can be calculated
through drawing In (q, - q,) curve according to t (29).

Pseudo-Second-Order equation
In pseudo-second order equation, it is assumed that the
process of adsorption can be controlled through chemical
absorption. The pseudo-second-order equation is
expressed as Eq. (9).

t 1 1

— = 4+ —t 9
qc K92  qe ®)

If the equation follows the pseudo-second-order, the
diagram of t/q, must be linear against t. K, is the constant
of speed in the pseudo-second-order equation, which is
calculated by t/q, against t (30).

The kinetic model of intramolecular penetration

The intramolecular penetration model is expressed
through Eq. (10). In this model various adsorption phases
it can be referred to transferring of the adsorbate molecules
from solution phase to the surface of the adsorbent
particles, and the transferring of these molecules to the
inside of the pores of the solid surface.

qe = Kigt'? + ¢ (10)

By drawing q, based on t'?, the reaction speed constant
of intramolecular penetration model of (K, can be
determined based on the curve slope (min'?> mg/g) (31).

The Elovich kinetics model

The Elovich model was initially developed for chemical
absorption of gas by solid phases, however, it was later
applied to adsorption of material from solution phases as
well. This model is described according to Eq. (11), where
B denotes the surface coverage (g/mg) and a denotes
the initial adsorption speed (mg/g.min). By drawing q,
according to Lnt, the values of a and  can be obtained
through the curve slope and y-intercept (31).

Thermodynamics study

By performing thermodynamics studies, one can find
out whether a process is endothermic, exothermic,
spontaneous, or nonspontaneous. The most important
parameters that would be studied in this section would
be enthalpy changes (AH), changes in Gibbs free energy
(AG®), and entropy changes (AS). In order to perform
thermodynamic calculations, first, the constant of
apparent valance of adsorption (K,) will be expressed
through Eq. (11).

Qe
Ky =— (11)
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Where q, denotes the amount of AO7 removed by the
adsorbent in the moment of balance and C, denotes the
balanced concentration of dye in the solution (mg/L).
Changes in Gibbs free energy (AG®) show the level of
spontaneity and it is calculated through Eq. (12).

AG® = -RtlnK, (12)

Where R denotes the ideal gas constant, which is equal to
8.314 J/mol.K, and T denotes absolute temperature (K).
And yet the most important thermodynamic values such
as AG’, AH’, and AS’ are related to each other through Eq.
(13).

AG' = AH - TAS (13)

The equations (12-14) show that thermodynamic values

are easy to obtain.

K. — A5 _aH (14)
nKa= o -}

By drawing the linear curve of InK based on 1/T, a straight

line would be resulted whose y-intercept represents

entropy changes and its slope gives represents enthalpy

changes (32).

Results

Characteristics of adsorbent

The SEM was used to characterize surface morphology
of RB/PANI before AO7 dye adsorption (Figure 2). Also,
BET test was used to measure the surface area of dried
powders. BET test was taken from RB/PANI and the
results are summarized in Table 1. In addition, FTIR
spectra were selected to study the functional groups of rice
bran (Figure 3a) and RB/PANI (Figure 3b).

The effect of pH on dye removal by rice bran and RB/
PANT are illustrated in Figure 4. As shown in this figure,
pH 3 is the best condition for AO7 dye removal using rice
bran and RB/PANL

The influence of AO7 dye concentration on the dye

Figure 2. SEM image of rice bran modified with polyaniline (RB/PANI).

Table 1. Pore characteristics of pure rice bran modified with polyaniline
(RB/PANI)

Mean pore Special
Total pore .
Adsorbent ] diameter surface
& (nm) area (m?/g)
Rice bran
modified with 0.3415 50.678 26.955
polyaniline

removal by RB/PANI as the adsorbent is demonstrated
in Figure 5a. Based on the results, the AO7 dye removal
sharply decreased when the concentration of AO7 dye
increased between 30 and 45 ppm. The effect of adsorbent
dosage on the dye removal is shown in Figure 5b. As shown
in this figure, increasing the amount of the adsorbents
between 10 and 20 mg/L was effective in increasing AO7
dye removal. However, adding more than 30 mg/L of the
adsorbent did not have a significant effect on AO7 dye
removal.

The effects of contact time and temperature on AO7 dye
removal by RB/PANT are presented in Figures 6a and 6b. As
shown in these figures, both contact time and temperature
had significant effect on RB/PANI dye removal efficiency.

In this study, the equilibrium adsorption data of AO7
dye onto RB/PANI were analyzed using 5 isotherm models
including Langmuir, Freundlich, Dubinin-Radushkevich
(D-R), and Generalized isotherms (Figure 7) (Table 2).
The best fitted isotherm was introduced based on the
values of the R* in the linear regression plot.

In the present study, four models of pseudo-first-order,
pseudo-second-order, intra-molecular penetration, and
Elovich were used to investigate the removal of AO7 dye
by the polyaniline-modified rice bran (Table 3). As shown
in Figure 8, the adsorption of the AO7 dye by polyaniline-
modified rice bran follows the pseudo-second-order
kinetic model.

Thermodynamic parameters for AO7 dye removal by RB/
PANI are summarized in Table 4, and the plot of InK
versus 1/T is shown in Figure 9.

Discussion

The SEM image captured from RB/PANI shows that the
adsorbent particles have a heterogeneous non-crystalline
structure and also have so many pores that facilitate the
process of adsorption. Similar recent studies have proven
that heterogeneous structures increase contact surface,
and result in higher adsorption of organic compounds.
As shown in Figure 2, the particles of polyaniline are
distributed on the rice bran in a heterogeneous and lumpy
state, indicating that the adsorbent has a lot of exchange
sites on its surface. In addition, the presence of particles
smaller than 50 nm were shown in Figure 2. Based on
the BET test, some characteristics such as the specific
surface area, total pore volume, and mean pore diameter
were calculated (Table 1). In the FT-IR spectrum of the
polyaniline-modified rice bran, the peak at 3405 cm
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Figure 3. (a) FT-IR spectra of rice bran. (b) FT-IR

area is associated with tensile vibrations of N-H group
in the structural unit of polyaniline, which can be a sign
that polyaniline is connected to rice bran. The presence
of polyaniline in rice bran led to minor changes in FT-
IR spectrum, which can be due to the overlap of its index
peak and rice bran peak. The peak at 1150 cm™ area of the
N-C gradient vibrations and the adsorption bar at 2923
cm area show the tensile vibrations of the H-C aliphatic
(CH,) sp’ (Figure 3b).

According to Figure 4, when pH is reduced, the adsorption
efficiency improves and vice versa. In this regard, the most
suitable pH was found to be equal to 3. This is due to the
change in the ionization of factor groups existing in the
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Figure 4. The effect of pH on removal of AO7 dye by RB/PANI.
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Figure 5. (a) The effect of AO7 dye concentration and (b) the effect of
adsorbent dosage on the dye removal.
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Figure 6. (a) The effect of contact time and (b) the effect of temperature
on the dye removal.

solution as well. In other words, in the present study,
when the pH was reduced, the amount of H* present in
the environment increased, which lead to the transference
of the NH, factor group on the adsorbent surface into
NH,, therefore, the willingness of the So,” factor group
existing in the AO7 dye to adsorb was increased. At
alkaline pH levels, the concentration of hydroxyl ions
in the solution increases. These hydroxyl ions compete
against dye ions for active adsorption sites in order to
become the adsorbent, and therefore, reduce the efficiency
(33). According to Figure 5a, the dye concentration of
30 mg/L is selected as the best concentration under the
mentioned conditions. The results showed that at lower
concentrations, for example, at 10 mg/L, dye removal was
almost 100%. But as the concentration of dye increases,
the concentration of 10 mg/L will no longer be sufficient,
because every adsorbent has limited number of active
sites which will be saturated at high dye concentrations.
In this case, the surface of the adsorbent will no longer be
able to adsorb, and as a result, the dye removal percentage
decreases (34). In addition, Figure 5b shows that the
maximum dye removal of 97.13% is obtainable through
applying 30 mg/L of the adsorbent. However, the results
showed that with increase of adsorbent dosage, dye
adsorption also increases. Therefore, it can be concluded
that the increased removal efficiency through increased
adsorbent dosage is due to the increased number of active
sites on the adsorbate, and therefore, higher levels of
AQ7 dye adsorption by the adsorbent as the adsorbent
dosage is increased and more active sites are provided. In
addition, since the concentration of dye is also limited,
once the number of active sites exceeds the amount of
dye, many of the sites will remain free (35). It was also
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Figure 7. The results of fitting for (a) Langmuir, (b) Freundlich, (c)
Temkin, (d) D-R, and (e) generalized isotherms.

Table 2. Langmuir, Freundlich, Temkin, Dubinin-Radushkevich (D-R), and
Generalized isotherms constants for the adsorption of AO7 dye by RB/PANI

Langmuir Isotherm

q,,, (mg/g) K, (L/mg) R, R?
4.4333 3920.5751 0.000937 0.9864
Temkin Isotherm

K, (L/mg) B R?
0.9709 7.1786 0.9627
Generalized Isotherm

N K, R
-0.8845 3.0374 0.3012
Freundlich Isotherm

1/n n K, (mg/g)
-6.086 -0.1643 2.5363

Dubinin-Radushkevich Isotherm

q, (mg/g) B R?
5.203 -9E12 0.6521

revealed that during the initial 30 minutes, a decline in
dye concentration was observed, which was followed by
increased adsorption rate. This is due to the diversity of
active sites on the external surfaces of the adsorbent at the
onset of the process of adsorption.

Next, by prolonging the time from 30 minutes to 60
minutes, the process of adsorption continued but with a
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Figure 8. The results of fitting of (a) pseudo-First-order, (b) pseudo-second-order, (c) intra-particle diffusion, and (d) Elovich kinetic models.

Table 3. Parameters of Pseudo-first-order, Pseudo-second-order, Intra-particle diffusion, and Elovich kinetic models for the adsorption of AO7 dye by RB/PANI

Pseudo-First-Order Equation Model

LSE qe(exp) qe (cal) K2 (min-l) R?

1.0937 4.4333 1.7542 0.05412 0.9794

Pseudo-Second-Order Equation Model

LSE qe(exp) qe (cal) KZ (min-l) R?

0.1927 4.4333 4.9232 0.0178 0.9926

Intra-particle Diffusion Model Elovich Kinetic Model

K., (min'> mg/g) R? a (mg/g.min) B (g/mg) R?

0.2529 0.6841 0.5630 4.0032 0.8323

decreased intensity compared to the initial 30 minutes.
In this case, since the majority of the active sites existing
on the surface of the adsorbent were occupied, the
molecules of AO7 dye would have to penetrate the insides
of the pores, which is usually a slower process. After 60
minutes, the amount of adsorption remained relatively
constant, which is due to the reduction and or saturation
of the active sites hosting the adsorbate (Figure 6a) (36).
As shown in Figure 6b, with increase of temperature, dye
removal by the adsorbent of RB/PANI decreases, because
by increasing temperature, the adsorption forces between
the surface of adsorbent and dye molecules are decreased,
in addition, it must be taken into account that adsorption
is an exothermic process. On the other hand, increased
dye removal capacity at increased temperature may be
due to the increased speed of dye molecules resulting in
increased contact between AO7 dye molecules and the
adsorbent surface (37). As shown in Table 2, RL is in
the range of 0 < RL < 1 for Langmuir isotherm, and it
can be concluded that AO7 dye removal by RB/PANI is
done well (38). In addition, the numerical value of n is

less than one for Freundlich isotherm. Since, n represents
the distribution of adsorbed particles attached to the
surface of the adsorbent, so it can be concluded that the
adsorbent surface has a heterogeneous state (39). Also,
in order to determine the best model for adsorption
isotherm, correlation coefficient was used in the present
study. The correlation coefficients of five isotherm models
under study (Figure 7) shows that the Langmuir isotherm,
with a correlation coefficient of 0.9864 is the most
suitable model for the adsorption of AO7 using RB/PANI
adsorbent. Since the Langmuir isotherm is only valid for
the adsorption of adsorbate in aqueous solutions by bio-
adsorbents with limited number of unified sites in a single
layer, it can be concluded that AO7 dye is adsorbed by RB/
PANI in a single layer and relatively monotonous state
(40). Based on the results of Table 3, there is a significant
difference between the equilibrium adsorption capacity
(9, (o) and calculated equilibrium adsorption capacity
(9, () for pseudo-first-order model. This difference led to
an increase in the least squares error (LSE) in this model,
while, there was no significant difference between the two

210 |

Environmental Health Engineering and Management Journal 2019, 6(3), 203-213



Bagheri and Mardani

Table 4. Thermodynamic parameters for AO7 dye removal by RB/PANI

T(K) AH(kJ/mol) As(KJ/K.mol) AG(KJ/mol)
298 -25.142 84.603 -25186.548
5
4
o y=3515.1x - 6.9978
= 3 R2=10.9901
el
2
0.0028 0.003 0.0032 0.0034

1/T
Figure 9. Plot of the adsorption of AO7 dye onto RB/PANI.

parameters [(q, (exp)) and (q, (cal))] for pseudo-second-order
model. By taking into account the R* values obtained from
the diagrams of pseudo-first-order, pseudo-second-order,
intramolecular penetration, and Elovich models, it can
be inferred that removal of AO7 dye follows the pseudo-
second-order kinetics model, in addition, the R* value
obtained for the kinetics model of pseudo-second-order
was equal to 0.9926. According to Table 4, the negative
enthalpy changes show that the process of adsorption
of AO7 dye by RB/PANI is an exothermic process in
nature. In addition, the magnitude of the enthalpy gives
information on the characteristics of adsorption process
including physical, chemical, and physiochemical
absorption. Nevertheless, the negative values of Gibbs free
energy showed that the adsorption process is spontaneous.
Positive AS” value reflects the affinity of the pine cone for
RB203 dye as well as the increase in randomness at solid-
solution interface during dye adsorption (41).

Conclusion

The present study investigated the removal process of
AQ7 dye by Polyaniline-modified rice bran. In this study,
the factors affecting the process of dye removal were
investigated and the optimal value or state for each factor
was determined. Among five isotherm models studied,
Langmuir isotherm model was the best fitted model. In
addition, it was revealed that the process of adsorption
follows the kinetic model of pseudo-second-order.

In addition, thermodynamic studies showed that the
process of adsorption of AO7 dye by RB/PANI is an
exothermic one and is also spontaneous. According to the
results, Polyaniline-modified rice bran can be a perfect
adsorbent for removal of AO7 dye from aqueous solutions.
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