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Abstract

water and wastewater.

In this study, powder activated carbon (PAC) and magnetic nanoparticles of iron (lll) oxide were used for synthesis
of Fe;0,-activated carbon magnetic nanoparticles (AC-Fes04 MNPs) as an adsorbent for the removal of aniline. The
characteristics of adsorbent were evaluated by SEM, TEM, XRD and BET. Also, the impact of different parameters
such as pH, contact time, adsorbent dosage, aniline initials concentration and solution temperature were studied.
The experimental data investigated by Langmuir and Freundlich adsorption isotherms and two models kinetically of
pseudo first-order and pseudo second-order. The results indicated that the adsorption followed Langmuir and
pseudo second-order models with correlation r* > 0.98 and r* > 0.99, respectively. The equilibrium time was
obtained after 5 h. According to Langmuir model, the maximum adsorption capacity was 90.91 mg/g at pH =6,
and 20°C. The thermodynamic parameters indicated that adsorption of aniline on magnetic activated carbon was
exothermic and spontaneous. This synthesized AC-FesO, MNPs due to have advantages such as easy and rapid
separation from solution could be applied as an adsorbent effective for removal of pollutants such as aniline from
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Introduction

Rapid increasing of industries and subsequently increasing
the disposal of pollutants especially organic compounds,
to the water resources and environment caused serious
and adverse environmental impacts. Aniline is a simple
matter with aromatic ring that has a benzene ring and a
NH, bond. It’s used as raw material in petrochemical and
agrochemical industries, industries of production of
pesticides, rubber, plastics, pharmaceuticals and dyestuff,
as well as by-product from paper and textile industries
[1,2]. Aniline was dissolved in water as 3.5% and this solu-
bility increases the presence possibility of this pollutant in
such sources. This compound is toxic, carcinogenic and
mutagenic, and its presence in human blood caused
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change of hemoglobin to the Methemoglobin and eventu-
ally to disease Cyanosis. Also reiterate and lengthy ex-
posures can cause kidney, Liver, bone and neurological
marrow disorders and also loss of anemia, appetite, and
weight loss. Thus, aniline presence in water resources even
at low concentrations is injurious to aquatic organisms
and human health [3,4]. America Environmental Protec-
tion Agency (USEPA) and Europe Economic Committee
(EEC) have classified aniline as refractory pollutant [5].
According to the chemical characteristics and environ-
mental impacts of aniline and the inefficiency of conven-
tional treatment methods for the complete removal of it
from the aquatic solution, applying of advanced, quick
and effective techniques, is essential. Mainly the most
common processes for aniline removal consists of oxida-
tion with ozone [6], adsorption with activated carbon,
clays and other adsorbent [7,8], biodegradation [9], elec-
trolysis [10] and ligand exchanger [11]. But the complete
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removal of aniline and its derivatives with some of this
process is difficult or even impossible and in decompo-
sition processes such as biodegradation and electrolysis,
very high cost is the limiting factor. The adsorption
process by activated carbon rather than other techniques
to remove pollutants even at very low concentrations,
because of being in sensitive to pollutants and toxic
compounds, allowing recovery of both adsorbent and
adsorbate and not forming of dangerous material, such
as ozone and free radicals, is very efficient [12,13].

Activated carbon, due to its structure and high surface
area, has been proposed as an adsorbent, and a suitable
option for the effective removal of organic contaminations
(especially hard-biodegradable pollutants) from aquatic
environment. But using of it in large scales (in engineering
processes) has been limited because of problems such as
filtration, dispersion, create turbidity and high cost of its
reduction [14].

Recently, magnetic separation method has been widely
used due to low cost, simplicity and being quick in sepa-
ration and high efficiency. In this regard, different ab-
sorbents such as ion exchange resins, zeolites, activated
carbon fibers, polymeric adsorbent and waste and even
nanoparticles have been magnetized [15]. The prerequisite
for magnetic separation is the synthesizing or combining
them with nanoparticles (metal oxides). These nano-
particles that are mainly in the form of Fe;O, MNPs, were
separated or removed accompany with the target pol-
lutants from the aquatic environment by a magnet. Fur-
thermore, the presence of magnetic iron oxide (FezO,)
leads to chemical stability, low toxicity, and excellent re-
cyclability of adsorbent and these have been caused to
widely use of this method for removal of toxic ions and
organic contaminants from water and wastewater and
according to conducted studies these material itself, have
high capacity to remove pollutants [16]. In this study new
bed has been provided to aniline removal and laboratory
conditions have been optimized to increase the absorption
capacity. Therefore, the aim of this study was synthesizing
magnetic nanoparticles of Fe;O4- activated carbon (AC-
Fe3;0O, MNPs) as an adsorbent for the adsorption of ani-
line from synthetic wastewater samples.

Materials and methods

Chemicals and instruments

All the components were analytical reagent-grade and
used as supplied. Nitric acid (HNO3; 65%), ferric nitrate
(Fe (NOs3)3.9H,0), powder activated carbon (PAC) and
aniline were purchased from Merck. In all of experiments
is used double distilled deionized water and pH meter
(HACH-HQ-USA) for control pH solution (+0.01) and
for determination of aniline residual concentrations ap-
plied UV-Visible spectrophotometer (CECIL CE7400). In
order to magnetic separation of adsorbent from aqueous
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solution also used a magnetic field with an intensity of
13T (5x5x4 cm).

Preparation of activated carbon-Fe;0, magnetic
nanoparticles (AC-Fe3s0, MNPs)

The Fe;Oy-activated carbon magnetic nanoparticles (AC-
Fe;0O4 MNPs) were prepared by a chemical co-precipitation
method. Synthesis of Fe;O, nanoparticles and combine it
with activated carbon was according to the technique given
by Do et al. with small alters [17]. At the first, especially
amount of activated carbon was impregnated in the nitric
acid (63%) to 3 h in 80°C for make hydrophilic with using
an ultrasonic bath. The sample then were filtrated and
dried in a room temperature. Subsequently, 5 g of obtained
powder impregnated into a 200 mL of aqueous solution
containing Fe304,9H,0 and placed in ultrasonic vibration
for a 1 h at 80°C. Then sample was filtrated and dehydrated
in an oven at 105°C for 1 h. The samples were heated inside
of a furnace in 750°C within 3 h under nitrogen gas in other
to formation of AC-Fe;O, magnetic nanoparticles. Finally,
the synthesized adsorbent two washed with deionized
water four times and then dried at a 105°C and kept in
desiccators for use.

Characterization of the adsorbent

The specific surface area, volume and pore size distri-
butions of AC-Fe;0, magnetic nanoparticles were mea-
sured by Brunner, Emmett and Teller (BET) and Barrett,
Joyner and Halenda (BJH)(Quantachrome, NOVA2000)
using method of N, isotherms. In order to determin-
ation of composition crystalline structures and X-ray dif-
fraction (XRD) pattern nanoparticles Fe;O, applied of a
powder X-ray diffraction (Quantachrome, NOVA2000)
using Cu-ka radiation, A = 1.54 A at 25°C. The surface
physical morphology, shape and size of Fe3;O, nano-
particle were analyzed using scanning electron micros-
copy (SEM, PHILIPS, XL-30) and transmission electron
microscopy (TEM, PHILIPS, EM 208).

Aniline adsorption optimization

At first standard stock solution of aniline at a 1000 mg/L
was prepared by dissolving required amount in distilled
water. Then stock solution diluted by distilled water to
prepare different concentrations. The experiments of ani-
line adsorption onto AC-Fe;O, MNPs carried out by
batch adsorption method. All experiments were done
on 100 mL Erlenmeyer flasks containing certain amount
of adsorbent and 50 mL of aniline solution. The sam-
ples then were placed on shaker at a constant speed of
220 rpm. The impact of pH on adsorption aniline was
studied in the range of 2—10 with initial concentration of
50 mg/L and contact time of 240 min. The pH of the
solutions was adjusted with hydrochloric acid (0.1 M HCI)
and sodium hydroxide (0.1 M NaOH). For the study of
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adsorption kinetic aniline on AC-Fe;O, MNPs the effect
of contact time was investigated at the period of 400 min
with adsorbent dose of 1 g/L and optimum pH and dif-
ferent initial concentrations of aniline in the range of
50-300 mg/L. Influence of adsorbent dose and different
initial aniline concentrations to study of adsorption
isotherms at range of 0.5-2 g/L and 50-300 mg/L also
investigated, respectively. In order to study of temperature
effect and determining thermodynamic parameters of ani-
line adsorption on adsorbent, adsorption experiments was
performed at range of 20-50°C in initial aniline concentra-
tion 50-300 mg/L under optimum pH, contact time and
adsorbent dose. The amount of aniline adsorbed (q., mg/g)
onto the adsorbent at each time and efficiency removal (%)
of it was calculated through the equation (1) or (2):

Co—Ce
de = OT (l)
R(%) = CO(;OCe x 100 (2)

Where C, and C, are the initial and equilibrium (final)
concentrations of aniline (mg/L) and w is the concentra-
tion of AC-Fe30, MNPs (g/L).

Adsorption isotherms of aniline

Adsorption isotherm model of Langmuir and Freundlich
isotherms were employed to describe experimental adsorp-
tion data. The Longmuir isotherm is based on assumption
of that the adsorption process take place on homogenous
adsorbent surfaces with constant energy, whiles Freundlich
isotherm assuming that the adsorption process occurs on
heterogeneous surfaces with non-uniform distribution of
adsorption heat. The linear equations of two isotherms
were (3) for Langmuir and (4) Freundlich is:

Ce 1 +i
9o

9e B quO

Ce (3)

1
Inq, = Ink ¢+ HlnC e (4)

Where qo (mg/g) is the solid phase equilibrium concen-
tration of aniline, k; (L/mg) are Langmuir adsorption con-
stant and C, (mg/L) is the equilibrium concentration of
the aniline in the liquid phase. kp (mg/g)(L/mg)*’™ ) and n
(unitless) are the parameters related to the adsorption cap-
acity and intensity of Freundlich, respectively. The values
of n indicate the type of adsorption to be favorable (range
of 2-10), moderately difficult (in the range of 1-2) or poor
adsorption (n<1). The fundamental properties of the
Langmuir isotherm can be explain in terms of dimension-
less separation factor Rp:(Ry = 1/(1 + k;Cy)). The factor of
R indicates the type of the isotherm to be unfavorable
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(R, > 1), favorable (0 < Ry, > 1), irreversible (R;, = 0) and lin-
ear adsorption (R = 1).

Adsorption kinetics of aniline

In other to analysis sorption kinetic data adsorption pro-
cess of aniline onto AC-Fe;O, MNPs, two kinetic models,
pseudo-first-order and pseudo-second-order models, were
applied to establish the best fitted model for the experi-
mental data. The linear equation of two models can be
expressed as (5) for first-order and (6) second order

In(q.—q,) = Inq.—kjt (5)
t 1 1

= Tt 6
¢ kg q. ©)

Where qe and qt (mg/g) are the amount of aniline
adsorbed at equilibrium and at time t (min), respectively.
k1 (1/min) and K2 (g/(mg.min)) are rate constants of the
first order and second order adsorption, respectively.

Aniline adsorption thermodynamics

In order to thermodynamic study of the adsorption
process, determination of the main three parameters
requires. These parameters included: the standard en-
thalpy (AH°®), the standard free energy (AG°) and the
standard entropy (AS°). The amounts of AH® and AS°
calculated using from the intercept and slope of vant
Hoff plots of InK4 versus 1/T, respectively and the
following equation:

AH® | AS°

Ik, = ——— + = 7
me="Rr tR @)
ke = e (8)

Where k. (L/g) is the distribution coefficient, q. and C,
are the amount of aniline adsorbed at equilibrium (mg/g)
and equilibrium concentration in solution (mg/L), respec-
tively. R (8.314 J/mol.K) is universal gas constant and T (°K)
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Figure 1 Spectra of activated carbon-Fe;0, magnetic nanoparticles.
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Figure 2 SEM (a and b) and TEM(c) images of activated carbon-Fe;0, magnetic nanoparticles.
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is the solution temperature. The values of AG°® are
calculated from the following equation:

AG® = —RTInk, (9)

Results

Figures 1, 2 and 3 show the physical and morphology prop-
erties of synthesized adsorbent by SEM, TEM, XRD and
BET techniques. Effect of various pH = 2-10 in adsorption
efficiency of aniline on AC-Fe3O, MNPs in 4 hours contact

times is shown in Figure 4(a). This figure shows that with
increasing pH from 2 to 6 the adsorption efficiency
increased and then decreased in higher pH. Maximum ani-
line adsorption performance was in pH=6 (76.4%) that
the adsorption capacity was 38.21 mg/g and lowest amount
of adsorbed aniline (34.1 mg/g) related to pH=2, and
the removal efficiency was 68.3%. Figure 4(b) shows the
influence of contact time for aniline adsorption onto
synthesized adsorbent in different concentrations of aniline
(50-300 mg/L) in the optimum pH. The effect of different
concentrations of adsorbent and adsorbate in pH and
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Figure 3 Nitrogen adsorption/desorption isotherms at 77.3°K (a), pore size distribution of activated carbon-Fe;0, magnetic

nanoparticles (b).
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optimal contact time on adsorption efficiency has been
observed in Figures 5 and 6 shows the impact of different
temperatures on the adsorption process of aniline in
optimized pH, contact time, adsorbent dose and various
aniline concentrations (50-300 mg/L). As shown in
Figure 6 with the increasing of temperature from 20 to
50°C in initial concentrations of 50, 100, 150, 200 and
300 mg/L of aniline, the efficiency decreased from 99.9,
88.5, 82.2, 73.5 and 57.07% to 84.4, 80.8, 71.6, 62.3 and
51.4%, respectively. Also, the adsorption capacity decreased
from 25, 4.3, 61.7, 735 and 87.1 mg/g to 21.1, 40.4, 53.7,
62.3 and 77.2 mg/g, respectively. The Langmuir and
Freundlich isotherms linear plots are shown in Figure 7.
The parameters related to Langmuir and Freundlich
isotherm models are presented in Table 1. The maximum
adsorption capacities and Langmuir constant in the
Langmuir model at different temperatures of 20, 35 and
50°C were 90.91, 90.1 and 91.74 mg/g, and 0.115 0.05 and
0.035 L/mg, respectively. The parameters values obtained
from adsorption process kinetics AC-Fe;O4 MNPs have been
showed in Table 2. Figure 8 shows the adsorption kinetics
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Figure 5 Effect of various aniline concentrations on its

adsorption upon AC-Fe30, magnetic nanoparticles: pH =6, t =
300 min, Co = 50-300 mg/L W = 0.5-2 g/L and T = 20°C.

curves for aniline. The parameters values of aniline adsorp-
tion thermodynamic on magnetic nanoparticles of AC-Fe;04
are shown in Table 3.

Discussion
Characterization of the adsorbent
In order to determine crystal phase of iron oxide particles,
the sample were analyzed by powder X-ray diffraction
(XRD) in the 20 in region of 10-70° at 25°C by using Cu ka
radiation (\ = 1.54A). Figure 1 shows XRD pattern for the
synthesized adsorbent. The highest peaks of AC-Fe;O,
MNPs at 20 value of 30.2° 35.5°% 54.9° and 62.9°
corresponded to (172), (342), (511), (122) and (106) planes,
which by comparison with JCPDS NO. 01-088-0866 was
confirmed presence crystals of magnetic nanoparticles
Fe;0, with a cubic structure (20 = 35.5°). So, this analysis
illustrate that Fe;O4 magnetic nanoparticles were on pow-
der activated carbon successfully were synthesized. In previ-
ously studies similar this results was reported [18,19].

The morphology, porosity and texture structure of
samples evaluated by using scanning electron microscopy

e A\
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70 F 70 _
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a7 - 40 5
30 4/ m20°C - 30
20 -‘ A435C + 20
10 4 e50C - 10
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0 20 40 60 8 100 120 140 160
C,(mg/L)
Figure 6 Impact of various temperatures on aniline adsorption
upon AC-Fes04 MNPs: pH = 6, t = 300 min, C, = 50-300 mg/L,
W =2 g/L and T = 20-50°C.
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Figure 7 Langmuir (a) and Freundlich (b) models for aniline adsorption on AC-Fe;0, MNPs.
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(SEM, Philips XL30) at 25 keV (Figure 2). It can be seen
porous with different sizes and shapes and indicated
that their distribution on surface of the adsorbent was
nearly uniform (Figure 2(a)). Figure 2(b) shows the
dispersion of Fe element on activated carbon and
so, suggested that nanoparticles iron oxide (Fe3O,)
on the adsorbent was alike. In order to investigate
size and shape of Fe;O, nanoparticles, sample was
analyzed by using TEM micrographs at 100 keV
(Figure 2c), it shows the iron oxide particles with
average diameter of 30-80 nm. Figure 2(c) also shows
Fe3O, nanoparticles with a cubic structure which is
compatible with results obtained from the analysis of
XRD.

Figure 3 shows the N, adsorption and desorption
isotherms, volume and pore size distribution for
magnetic nanoparticles of AC-Fe;O, by applying the
methods of BET and BJH at 77.3°K. According to
classification of IUPAC, Figure 3(a) exhibit type 4
adsorption isotherms, that reveals the presence of
mesopores in adsorbent. Similar results were obtained
by another researcher [20]. The results of the BET
analysis indicated that the highest surface area of
adsorbent was 671.2 m?/g which, in comparison with
non-magnetic PAC (1301 mz/g) was reduced [21]. It can
be due to presence of Fe;O, nanoparticles in the
structure of activated carbon [16,21]. Faulconer and et.
al reported available surface area decreasing by iron
oxides increase, For example at relative of 1:1 C:Fe
surface area decreased approximately a 50% [22].
The average pore size measured by BET and BJH
was 3.5 and 1.2 nm, respectively which based on
IUPAC classification (micropores (d < 2 nm), mesopores
(2<d <50 nm) and macropores (d >50 nm)), it (mean
size of 3.5 nm) could be classified in mesopores
group and the total pore volume by BET obtained
4.87 ccl/g at p/po=0.99 and by BJH was 3.7 cc/g
(Figure 3(b)).

Optimal conditions for aniline adsorption on magnetic
nanoparticles AC- Fe;0,

Optimal pH for uptake of aniline

According to Figure 4(a) in very low pH, electrostatic re-
pulsion between the positive protons of the surface of
activated carbon and positive molecules of aniline (or in-
tense competition between H' and positive charged
molecules of aniline) lead to decrease of adsorption
capacity. On the other hand, in alkaline pHs, the repul-
sion of negative charges on the adsorbent and aniline
will reduce the adsorption of aniline. The decrease of
aniline adsorption under alkaline pH condition may be
due to the presence of excess OH™ ions and the aniline
molecules for the adsorption sites [23,24]. Zhang and
et al. reported the acidic and neutral conditions for fa-
vorable removal of aniline using nanoparticles of Fe;O,
[25]. Tang et al. reported pH=6.5 as optimal pH for
removal of aniline with granular activated carbon [24].
Therefore pH 6 selected as optimal pH in removing of
aniline on magnetic nanoparticles of AC-Fe;0,4 and next
experiments were conducted in this pH.

Table 1 Parameters of adsorption equilibrium isotherms
for An on AC-Fe;0, MNPs

Isotherm models T(°K)

293 308 323
Lungmuir
dm(ma/g) 90.91 90.1 89.285
K (L/mg) 0.115 0.05 0.037
R? 0.9876 0.981 0.994
R 0.028-0.148 0.062-0.285 0.082-0.351
Freundlich
Kr (ma/g(Lmg)'™ 38.424 15.27 9.81
1/n 0.1474 0.342 0.4328
R 0.9317 0.9995 0.955
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Table 2 Kinetic parameters for adsorption of An on AC-Fe;0, MNPs

Pseudo-first order Pseudo-second order
Initial an concentration Je,exp Je,cal (MY/g) K; (1/min) R? Je,cal (MY/g) k> (g/(mg.min)) R?
50 40.14 23.021 0.0098 08718 42918 0.0008 0.997
100 61.293 28.849 0.0092 0.7929 64.102 0.0007 0.9977
150 74.93 39.377 0.0078 0.784 80 0.0004 0.9942
200 85.07 41227 00123 0.8783 90.09 0.0006 0.9994
300 1220 102.74 0.016 0.969 129.870 0.0004 0.9993

Optimal contact time for aniline adsorption

Figure 4(b) reveals that with increase of time from 0 to
400 min was increased the absorbed aniline and it
reached to equilibrium in 5 h for the concentrations of
50, 100 and 150 mg/L of aniline and then complete ab-
sorption because absorptive capacity remained constant.
But in initial concentrations 200 and 300 mg/L the time
to reach equilibrium became longer. This may be due to
large number of aniline molecules and the dispersion
rose from their impact to boundary layer of absorbent.
So, the optimal contact time was selected 300 min for
absorption of aniline using magnetic nanoparticles. This
contact time for removal of aniline by An and et al
reported [26]. Adsorption efficiency at this time for ini-
tial concentrations of 50, 100, 150, 200 and 300 mg/L
were 80.3, 61.3, 49.9, 42.5 and 40.7%, respectively.

Effect of initial aniline concentration and adsorbent dose

Figure 5 demonstrates that by increasing the initial con-
centration of aniline from 50 mg/L to 300 mg/L in 2 g/L
of adsorbent dose, the efficiency decreased from 100 to
58%. The increasing of adsorption efficient in this case
may be attributed to the fact that all the adsorbents has
a limited number of active sites, which would has be-
come saturated at a specific concentration [27]. However
vice versa, adsorption capacity increased with increasing
initial aniline concentration. This can be explained that
driving forces rising from increasing the aniline concen-
tration [28]. Figure 5 also shows that with increase of
adsorbent dose from 0.5 to 2 g/L, in initial concentration

of 50 mg/L, enhances the removal efficiency from 37.2
to 100% due to increase sorbent surface or active sites.
The increase the in the adsorption efficiency can be due
to the increasing availability of aniline molecules to ad-
sorbent surface [29]. The similar results were reported
in elimination of aniline with Fe3O, nanoparticles and
activated carbon obtained from oxygen plasma irradiated
bamboo [4,25]. Hence in present study, the amounts of
2 g/L were chosen as optimal adsorbent doses.

Influence of solution temperature on aniline adsorption

As displayed in Figure 6 the results show that with in-
creasing temperature both removal percent and adsorp-
tion capacity reduced. Al-Johani et al. (2011) and Tang
et al. (2012) in study of aniline removal by carbon nano-
tube and activated carbon were reported decrease
of adsorption efficiency with increasing of temperature
[24,30]. Therefore, decreasing the removal efficiency with
increasing temperature indicates that aniline adsorption
on AC-Fe;0O, magnetic nanoparticles is exothermic.

Adsorption isotherms

It is clear from Table 1 that the correlation coefficient in
Longmuir model, for all three investigated temperatures
was higher than 0.98. It also observed that the values of
Ry are between 0 and 1. This shows that the aniline
molecules are desirably adsorbed on adsorbent. Thus,
according to the regression coefficients obtained from
Langmuir and Freundlich models, the adsorption process
of aniline follows better from Langmuir model. This

ds
5 450 mg/L
. H100mg/L
4 A150mg/L
? <200 mg/L
f 3 ¥ 300mg/L

0 50 100 150 200 250 300
Time(min)

Figure 8 The kinetic models for aniline adsorption on AC-Fe30, MNPs: (a) Pseudo-first order, (b) Pseudo-second order.
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Table 3 Thermodynamic parameters of aniline adsorption
on AC-Fe;0, MNPs

Temperature (°K) Ink. A G° (kJ/mol) A HC (kJ/mol) A S° (kJ/mol.K)

298 6.542 —16.208
308 1893 —4.847
323 0994 -267

-147 -0452

suggests that the aniline adsorption on AC-Fe;0, MNPs
was monolayer. Similar results have been reported by
Tang et.al (2012) and Wuet.al (2012) in aniline removal
using activated carbon [4,24].

Adsorption kinetics

Table 2 shows that the regression coefficients in pseudo
second order kinetic model of all initial studied
concentrations in compare with the pseudo first order
model were higher or almost equal to unit. It also shows
that the amounts of calculated capacity (qeca) in the
pseudo second order model rather than the pseudo first
order model were more closer and consistent with ad-
sorption capacity obtained from experiments(qeexp)-
According to previous studies, this result suggests that
the adsorption behavior of aniline by the studied adsor-
bent per time unit follows from pseudo second order
model and it indicates that the rate-limiting step in ani-
line adsorption process may be chemisorptions [30,31].

Aniline adsorption thermodynamic

As shown in Table 3 the values of AH® are negative and
also AG® values for all three temperatures 20, 35 and 50°C
were positive. The negative amounts of AH® and AG® show
that the adsorption process of aniline on AC-Fe;0O, MNPs
is exothermic and spontaneous. Decreasing of AG® with in-
creasing temperature indicates that the adsorption process
at higher temperature is undesirable. The negative amounts
of AS® also indicated that the efficiency is reduced with in-
creasing temperature in solid /liquid phases during adsorp-
tion process (or degree of entropy decreases in during the
adsorption process). This phenomenon can be resulted
from minor changes in the structure of adsorbate and ad-
sorbent at different temperatures.

Conclusions

The magnetic nanoparticles of AC-Fe;O, with combin-
ing iron oxide nanoparticles (IONPs) and powder
activated carbon, were successfully synthesized and used
in the removal of aniline from aqueous environments.
Results revealed that the adsorption efficiency of aniline
on this adsorbent was better at pH close to neutral and
it was enhanced with increasing the contact time and
adsorbent dosage, but reduced with increasing initial an-
iline concentration and temperature. Equilibrium and
kinetic studies indicated that the adsorption was fit with

Page 8 of 9

Langmuir and pseudo second order, respectively and
thermodynamic studies also showed that the adsorption
aniline on AC-Fe30, MNPs has been spontaneous and
exothermic. The present study showed that nanoparticles
of AC-Fe;0, in addition to having features such as easy
separation and extraction solution and need no filtration,
have proper porosity, surface area and also good adsorp-
tion capacity. This adsorbent can be used as effectively
and efficiently adsorbent to remove most contaminants,
especially organic pollutants from aquatic environment.

Competing interests
The authors declare that they have no competing interests.

Authors’ contribution

BK carried out all the experiments of the work and also wrote the whole
article. AJJ, RRK give Idea of research and the research was done under their
supervision and read, SN and AA read and corrected the manuscript. AJJ
read and finalize the manuscript. AE helped with all the experiments
presented in this paper. All authors read and approved the final manuscript.

Acknowledgements
This study was done by financial support of Tehran University of Medical
Sciences and Iranian Nano Technology Initiative Council.

Author details

'Department of Environmental Health Engineering, School of Public Health,
Tehran University of Medical Sciences, Tehran, Iran. 2Faculty of Medical
sciences, Faculty of Medical sciences, Tarbiat Modares University, Tehran, Iran.
3Center for Water Quiality Research (CWOR), Intitute for Environmental
Research (IER), Tehran, University of Medical Sciences, Tehran, Iran.

Received: 31 July 2012 Accepted: 13 January 2013
Published: 17 February 2013

References

1. Qi XH, Zhuang YY, Yuan YC, Gu WX: Decomposition of aniline in
Supercritical water. J Hazard Mater 2002, 90(14):51-62.

2. Tang HQ, Li J, Bie Y, Zhu L, Zou J: Photochemical removal of aniline in
aqueous solutions: switching from photocatalytic degradation to photo-
enhanced polymerization recovery. J Hazard Mater 2010, 175(1-3):977-984.

3. Kamble SP, Sawant SB, Schouten JC: Photocatalytic and photochemical
degradation of aniline using concentrated solar radiation. J Chem Technol
Biotechnol 2003, 78:865-872.

4. Guang-Qian W, Zhang X, Hui H: Adsorptive removal of aniline from
aqueous solution by oxygen plasma irradiated bamboo based activated
carbon. J Chem Eng 2012, 185-186:201-210.

5. LiJM, Jin ZX: Effect of hypersaline aniline-containing pharmaceutical
wastewater on the structure of activated sludge-derived bacterial
community. J Hazard Mater 2009, 172:432-438.

6. Faria PCC, Orfao JIM, Pereira MFR: Ozonation of aniline promoted by
activated carbon. J Chemosphere 2007, 67:809-815.

7. Xie X, Gao L, Sun J: Thermodynamic study on aniline adsorption on
chemical modified multi-walled carbon nanotubes. J Colloid Surf A 2007,
308:54-59.

8. Unuabonah El, Adebowale KO, Dawodu FA: Equilibrium, kinetic and sorber
design studies on the adsorption of aniline blue dye by sodium
tetraborate modified kaolinite clay adsorbent. J Hazard Mater 2008,
157:397-409.

9. Orshansky F, Narkis N: Characteristics of organics removal by PACT
simultaneous adsorption and biodegradation. J Water Res 1997, 31:391-398.

10. Han'Y, Quan X, Chen S, Zhao H: Electrochemically enhanced adsorption
of aniline on activated carbon fibers. Sep Purif Technol 2006, 50:365-372.

1. Gurten AA, Uc S, Ozler MA: Removal of aniline from aqueous solution by
PVC-CDAE ligand-exchanger. J Hazard Mater 2005, 120:81-87.

12, Al-Ghouti MA, Li J, Salamh Y: Adsorption mechanisms of removing heavy
metals and dyes from aqueous solution using date pits solid adsorbent.
J Hazard Mater 2010, 176:510-520.



Kakavandi et al. Iranian Journal of Environmental Health Sciences & Engineering 2013, 10:19

http://www.ijehse.com/content/10/1/19

13. Iram M, Guo C, Guan Y: Adsorption and magnetic removal of neutral red
dye from aqueous solution using FesO, hollow nanospheres. J Hazard
Mater 2010, 181:1039-1050.

14. A L, Jiang J: Fast removal of organic dyes from aqueous solutions by AC/
ferrospinel composite. Desalination 2010, 262:134-140.

15. LiQ Wus, Liu G, Liao X: Simultaneous biosorption of cadmium(ll) and
lead (Il) ions by pretreated biomass of phane- rochaetechrysosporium.
Sep Purif Technol 2004, 34:925-940.

16. Guo Z Feng R, Li J: Degradation of 2,4-dinitrophenol by combining
sonolysis and different additives. J Hazard Mater 2008, 158:164-169.

17. Do MH, Phan NH, Nguyen TD: Activated carbon/Fe;0, nanoparticle
composite: Fabrication, methyl orange removal and regeneration by
hydrogen peroxide. Chemosphere 2011, 85:1269-1279.

18. Liu Z Zhang F-S, Sasai R: Arsenate removal from water using Fes0,4
loaded activated carbon prepared from waste biomass. J Chem Eng 2010,
160:57-62.

19. Pang Y, Zeng G, Tang Y: Preparation and application of stability
enhanced magnetic nanoparticles for rapid removal of Cr(Vl). / Chem Eng
2011, 175:222-227.

20. Huang L, Sun Y, Wang W: Comparative study on characterization of
activated carbons prepared by microwave and conventional heating
methods and application in removal of oxytetracycline (OTC). J Chem
Eng 2011, 171:1446-1453.

21. Mendez-Diaz JD, Prados-Joya G, Rivera-Utilla J: Kinetic study of the
adsorption of nitroimidazole antibiotics on activated carbons in aqueous
phase. J Colloid Inter Sci 2010, 345:481-490.

22. Faulconer EK, Hoogesteijn von Reitzenstein NV, Mazyck DW: Optimization
of magnetic powdered activated carbon for aqueous Hg(ll) removal and
magnetic recovery. J Hazard Mater 2011, 199-200:9-14.

23. Zheng H, Liu D, Zheng Y, Liang S, Liu Z: Sorption isotherm and kinetic
modeling of aniline on Cr-bentonite. J Hazard Mater 2009, 167:141-147.

24. Tang B, Liu Y, Yu P: Study of aniline/e-caprolactam mixture adsorption
from aqueous solution onto granular activated carbon: Kinetics and
equilibrium. J Chem Eng 2012, 187:69-78.

25. Zhang S, Zhao X, Niu H: Superparamagnetic Fe;0,4 nanoparticles as
catalysts for the catalytic oxidation of phenolic and aniline compounds.
J Hazard Mater 2009, 167:560-566.

26. An F, Feng X, Gao B: Adsorption property and mechanism of composite
adsorbent PMAA/SiO, for aniline. J Hazard Mater 2010, 178:499-504.

27. Lalhruaitluanga H, Jayaram K, Prasad MNV, Kumar KK: Lead(ll) adsorption
from aqueous solutions by raw and activated charcoals of Melocanna
baccifera Roxburgh (bamboo)—A comparative study. J Hazard Mater
2010, 175:311-318.

28.  Samarghandi MR, Zarrabi M, NooriSepehr M, Amrane A, Safari GH:
Application of acidic treated pumice as an adsorbent for the removal of
azo dye from aqueous solutions: kinetic, equilibrium and
thermodynamic studies. Iran J Environ Health Sci Eng 2012, 9(1):33-44.

29.  Khodabakhshi A, Amin MM, Mozaffari M: Synthesis of magnetite nanoparticles
and evaluation of its efficiency for arsenic removal from simulated industrial
wastewater. fran J Environ Health Sci Eng 2011, 8(3):189-200.

30. Al-Johani H, Abdel Salam M: Kinetics and thermodynamic study of aniline
adsorption by multi-walled carbon nanotubes from aqueous solution.

J Colloid Inter Sci 2011, 360:760-767.

31. Valderrama C, |.Barios J, Caetano M: Kinetic evaluation of phenol/aniline
mixtures adsorption from aqueous solutions onto activated carbon and
hyper cross linked polymeric resin (MN200). React Funct Polym 2010,
70:142-150.

doi:10.1186/1735-2746-10-19

Cite this article as: Kakavandi et al.: Synthesis and properties of Fe30y4-
activated carbon magnetic nanoparticles for removal of aniline from
aqueous solution: equilibrium, kinetic and thermodynamic studies.
Iranian Journal of Environmental Health Sciences & Engineering 2013 10:19.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central

Page 9 of 9




	Abstract
	Introduction
	Materials and methods
	Chemicals and instruments
	Preparation of activated carbon-Fe3O4 magnetic nanoparticles (AC-Fe3O4 MNPs)
	Characterization of the adsorbent
	Aniline adsorption optimization
	Adsorption isotherms of aniline
	Adsorption kinetics of aniline
	Aniline adsorption thermodynamics

	Results
	Discussion
	Characterization of the adsorbent
	Optimal conditions for aniline adsorption on magnetic nanoparticles AC- Fe3O4
	Optimal pH for uptake of aniline
	Optimal contact time for aniline adsorption
	Effect of initial aniline concentration and adsorbent dose
	Influence of solution temperature on aniline adsorption
	Adsorption isotherms
	Adsorption kinetics
	Aniline adsorption thermodynamic


	Conclusions
	Competing interests
	Authors’ contribution
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


