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Methods: In this research, activated carbon (AC) was synthesized by the
chemical activation of apricot kernel shell, and then, this adsorbent was
modified by iron-containing functional groups (FeOOH-AC) and used as an
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E':E.'-!'“F"’-_.E adsorbent in the removal of methyl orange from the aqueous solution. The
Tl ENEAe properties of these adsorbents were characterized using BET, SEM, XRD, and
¥,‘_fr:.a, g FT-IR analyses.

(= St Findings: The matching of the equilibrium data with the Langmuir model
(=TTl o )

showed that the adsorption process is single-layer and the maximum
adsorption capacity of AC and FeOOH-AC absorbents equal 174.6 mg/g and
249 mg/g, respectively. The increase in adsorption capacity after
modification is due to the positive adsorption sites of iron (Fe-0-Hz*) on the
surface of the modified adsorbent, which adsorb the methyl orange by
electrostatic mechanism. Also, the physical adsorption due to the porous
structure of the adsorbent and m-m interaction are the effective mechanisms
in the adsorption of methyl orange on the FeOOH-AC adsorbent. The analysis
of kinetic data with different models showed that the pseudo-second-order
kinetic model is consistent with the experimental result. The spontaneity
and exothermic nature of the adsorption process were determined by
determining the thermodynamic parameters.

Conclusion: The successive cycles of adsorption and desorption indicate
the ability to regenerate and reuse the synthesized adsorbent, which can be
a suitable option for use on the industrial scale.
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Extended Abstract

Introduction

Today, the reduction of freshwater
resources and the increase in water demand
is one of the most important discussions in
the world. One of the available ways to
compensate for the reduction of freshwater
resources is the purification and reuse of
wastewater from various industries
contaminated with many chemicals,
including dyes and heavy metals. Dyes
including azo dyes have universal
applications in several industries including
textiles, leather, printing, food, cosmetics
and pharmaceuticals [1-2]. Azo dyes are
synthetic dyes named for the molecular
structure of the azo group (-N = N-) [3]. One
of the azo dyes is methyl orange (MO) dye,
which is a water-soluble azo dye and is used
in various industries such as textile, paper
and chemical. This paint is very dangerous
due to its toxicity, deep color, oxygen
depletion and biodegradability [2]. Azo dyes
have significant health risks due to easy
contact with living organisms and rapid
absorption through the skin. In addition to
allergic effects, mutagenic and carcinogenic
effects are also possible [4-8]. Therefore, it is
essential to remove these dye pollutants
from the wastewater from the various
industries before evacuating to the
environment. Different chemical, physical,
and biological separation methods including
coagulation-flocculation, filtration and
membrane technology, adsorption,
ozonation, oxidation, electrolysis, and
biological purification are used to remove
dyes in textile wastewater [1, 9-10]. Due to
its low operating cost, flexibility, and high
efficiency (especially when the pollutant
amount is low), the adsorption separation
process has been introduced as a useful and
effective separation process for separating
and removing pollutants from wastewater.
One of the most important and effective
issues in the performance of the adsorption
process is adsorbent. One of the famous
adsorbents is activated carbon which has a
high specific surface area. Nowadays,
activated carbon has received much
attention due to the availability and cheap
raw materials for synthesis such as
agricultural or industrial waste. The process
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of activated carbon production from these
wastes consists of two stages: carbonization
and activation. Activation is done in two
ways of physical and chemical activation or
a combination of the two [11]. Another
advantage of activated carbon is the ability
to modify and improve its adsorption
capacity. Various methods including the use
of biopolymers and nanostructures are
suggested in articles [12-13]. The process of
adsorption around the solid particle
(adsorbent) involves various stages, which is
important to determine the controller stage
[14]. In this study, the adsorption ability of
activated carbon synthesized from the shells
of apricot kernel and its modified with iron
functional groups were investigated for the
removal of azo and anionic dye methyl
orange.

Materials and Methods

Activated carbon was synthesized from the
shells of apricot Kkernel via chemical
activation by HzPO, according to the method
described in the previous paper [15]. To
modify activated carbon with iron groups,
first, 5 grams of activated carbon were added
to 100 ml of 2 M FeCls solution, and the
resulting mixture was then sonicated for 60
minutes at room temperature. Then, the
activated carbon impregnated with iron was
separated with filter paper and washed
several times with distilled water so that the
pH of the water obtained from washing was
fixed. Then the FeOOH-AC adsorbent was
placed in an oven to dry [13, 16]. The
production yield of the activated carbon
production process was determined. The ash
content of prepared AC was determined. The
apparent density and pHzpc of prepared AC
and FeOOH-AC were determined [17-19].
The surface morphology and porosity of the
synthesized adsorbents were investigated
by scanning electron microscope (SEM)
model TESCAN-Vega3. In order to determine
the type of ferrous structure present on the
surface of activated carbon, XRD analysis
was used by Rigaku Ultima IV, Japan. The
adsorption ability of AC and FeOOH-AC for
MO removal from aqueous solution was
investigated at various pH [16]. The kinetics
and equilibrium  experiments  were
performed to investigate the effect of contact
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time and the determination of the maximum
adsorption capacity [15-16].

Results and Discussion

The production yield, apparent density, ash
content, and pHzpc for AC and FeOOH-AC are
presented in Table (1). The production yield
of the activated carbon production process is
within an acceptable range [21]. The ash
content of prepared AC is also low, which
indicates the high purity of the synthesized
activated carbon.

Table (1). Physical properties of

adsorbents
Production yield (%) 46.6
Ash content (%) 7
Apparent density (kg/m3) AC: 229
FeOOH-AC: 233
pHzpc AC:5
FeOOH-AC: 4.1

Figure (1, a) presents the porous structure of
prepared AC. The presence of a cover of
nanoparticles on the modified AC surface is
shown in Figure (1, b). This SEM image also
indicates the reduction of the porosity
because of the presence of nanoparticles
[22]. The XRD patterns for prepared AC and
FeOOH -AC are presented in Figure (1, c) and
Figure (1, d)), respectively. There is no sharp
peak in the diffraction pattern of AC and this
indicates the amorphous structure of
synthesized AC. In the FeOOH -AC diffraction
pattern, there are peaks at diffraction angles
of 33.6° 36°, and 40.5° which can indicate
the formation of FeOOH on the activated
carbon surface [23]. Figure (2) presents the
effect of initial pH on the methyl orange
removal ability of AC and FeOOH-AC.
According to this figure, the optimum pH
value for MO removal using AC and FeOOH -
AC is 4 and 3, respectively. Methyl orange is
an anionic dye.

In acidic pH (pH <pHzec), the charge of the
adsorbent surface is positive because of the
protonation of the functional groups and can
adsorb the MO anions by electrostatic
interaction  (-R-OH,*, -COOH,*, -Fe-
OH;*)[30]. In pH>pHzpc, the functional
groups of the adsorbent surface have the
negative charge (de-protonation) and the
MO adsorption amount is low because of the
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electrostatic repulsion. The results of
kinetics experiments are shown in Figure
(3). Based on these graphs, the effect of time
on the adsorption capacity is quite evident,
and the process has reached a complete
equilibrium after 100 minutes, and after 100
minutes, there is no change in the amount of
adsorption with time.

The results of equilibrium experiments are
shown in Figures (3 a) and (3 b) for MO
adsorption using AC and FeOOH-AC,
respectively. These data were matched with
Langmuir, Freundlich, and Dubinin-
Radoshkevich (D-R) isotherms and the
results showed that the Langmuir model can
match well the equilibrium data.

71



Synthesis and characterization of bio-nanocomposite of FeFOOH-AC and its application...

-~

I

¥
N7
.
. \

(

MM KV MY Lo L ! f\‘ﬂll TESCAN
SEM MAG: 150\ Oet 3E 1
View i 3 24 o o400 Aga S<ieantic

Y

Intensity (a.)
b
@]

% s » o » L] "
w0
(d)
i “ FeOOH-AC
| A
B R A Tk
an

Figure (1): The SEM images of (a): AC,
(b): FeOOH-AC; XRD patterns of (c): AC,
(d): FeFOOH-AC
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Figure (2): The effect of initial pH on the
MO removal
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Figure (3): The effect of contact time on
the adsorption capacity of AC and
FeOOH-AC
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Figure (3): The equilibrium isotherms

for MO adsorption using (a): AC, (b):
FeOOH-AC
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