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ABSTRACT

Different approaches such as precipitation, combustion, and hydrothermal method are
available to prepare Fe;O, nanoparticles. Respect to other methods, precipitation, especially
with one iron source and natural reducing agents is a more green, economic, fast, and sim-
ple route for Fe;O, synthesis. Based on these viewpoints, we have prepared Fe;O, magnetic
nanoparticles via a sonochemistry precipitation method using only one iron source and
sugar, which was employed as a reducing agent. The combination of these prepared mag-
netic nanoparticles with polyphenylenediamine via an emulsion polymerization resulted in
a magnetic polymer nanocomposite. The prepared magnetic material was characterized by
Fourier transform infrared (FT-IR), scanning electron microscope (SEM), transmission elec-
tron microscopy (TEM), X-ray powder diffraction (XRD), and vibration sample magnetome-
ter techniques. The magnetic nanocomposite was then successfully employed as an
adsorbent in the removal of Pb** ions and Direct red 81 (DR-81) from single and binary
solution. The results demonstrated that the maximum adsorption was obtained within
5 min at pH 4.0 and also the adsorption processes of Pb** and DR-81 both were well fitted
by pseudo-second-order kinetic model. The experimental data were analyzed by the Lang-
muir and Freundlich adsorption models. Freundlich model provided the best correlation of
the experimental data for dye but lead adsorption well fitted with Langmuir model. More-
over, the maximum capacity of polymer nanocomposite was found to be 144.92 and
370.37 mg g~ for DR-81 and Pb**, respectively.

Keywords: Dye; Lead; Magnetic nanocomposite; Polymer

1. Introduction wastewater treatment owing to low toxicity;
biocompatibility; high specific surface favors the
binding efficiency; low mass transfer resistance, mag-
netic separation under a magnetic field; as well as low
operation cost. However, the problems of aggregation
and rapid biodegradation have limited applications of

It goes without saying that iron oxide nanoparti-
cles are one of the most-studied materials in the
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magnetic nanoparticles as an adsorbent [1-4]. With
this in mind, nanomaterials based on polymers not
only are able to provide favorable functional groups
for various applications but also could decrease the
aforementioned problems. It is worth noting that
amine-containing conductive polymers have attracted
a great deal of attention in recent years due to their
excellent chemical and physical properties originating
from the =-conjugated system [5-7]. As a diamine
derivative of polyaniline, which has higher content of
functional groups in conjugated structure and more
intriguing multi-functionality among the conjugated
polymers, poly phenylenediamine, a cost effective
polymer, shows exceptional prospects in such applica-
tions as waste—water treatment [8,9]. Furthermore, its
effective adsorption performance as an adsorbent in
removing heavy metal ions such as lead and azo dyes
has made it to be promising adsorption materials as it
bears redox properties, powerful chelation ability, and
high stability at ambient conditions [9-11]. Neverthe-
less, conductive polymers always have small specific
surface areas, which can be improved by its combina-
tion with magnetic nanoparticles. It provides robust
adsorbent with improved qualities [12].

Various chemical methods such as precipitation,
sol-gel, hydrothermal, and combustion are available to
prepare Fe;O, nanoparticles. In this regard, it is more
economical to utilize one iron source. However, the
employment of toxic reducing reagents has limited
widespread application of the synthetic routes [13]. Bio-
genic synthesis of magnetic nanoparticles using green
reagent with natural source is environmentally afford-
able. Based on this viewpoint, in this study, Fe;O,
nanoparticles have been synthesized through precipita-
tion rout using one iron source and sugar as reducing
agent then p-phenylenediamine@Fe;O, nanocomposite
were prepared by emulsion method in which particles
transferred into micelles through the surfactant tem-
plate and increased the molecular weight [14-16]. Com-
bining the advantages of Fe;O, and conductive
polymer resulted in a promising adsorbent. Hence, its
potential applications on the adsorption of direct red 81
and lead ions in a single and binary system have been
demonstrated. The effect of various experimental
parameters has also been studied. To evaluate the
experimental data, kinetics, and adsorption isotherms
models have been investigated.

2. Experimental
2.1. Materials and instrumentation

P-phenylenediamine (PDA), potassium persulfate
(KPS), sodium dodecyl sulfate (SDS), chloroform, HCI,
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NaOH, and Fe(NO3)3-9H,O (Merck, Darmstadt,
Germany) have been used for the synthesis of mag-
netic nanoparticles and polymer nanocomposite.
White sugar was supplied from a local market in
Tehran. The Direct Red-81 (DR-81) which was used as
a model dye was supplied from chemistry & chemical
engineering research center of Iran. The stock dye
solution was prepared by dissolving an appropriate
amount of dye powder in distilled water. Lead stan-
dard solution (1000 mg L™") was obtained by dissolv-
ing Pb(NOs3), salt in distilled water. The FT-IR study
of the samples was done by Equinox 55 Bruker with
ATR method over the wavelength of 400-4000 cm™.
The SEM (model KYKY-3200, Beijing, China) and TEM
(Zeiss-EM10C) was used to investigate morphology of
the composite. XRD measurements were performed
using an STADI-MP from an STONE company (Ger-
many) with monochromatized Cu Ko radiation. Mag-
netization investigation was done using a vibration
sample magnetometer (VSM) (Lake Shore Model 7400,
Japan). The N, adsorption—desorption isotherm was
measured on a Nova Station A system. The pH-Meter
model 781 from Metrohm (Herisau, Switzerland)
equipped with glass combination electrode was used
for the pH measurements. The adsorption studies of
the dye and lead solutions were carried out using
UV-vis spectrophotometer (Lambda 25, Perkin Elmer)
and flame atomic absorption spectrometer (FAAS, Var-
ian-400, Musgrave, Australia).

2.2. Preparation of Fe30, magnetic nanoparticles

Fe;O, nanoparticles (NPs) were synthesized
through an ultrasound assisted coprecipitation method
using only one iron source and natural reducing agent.
In a typical experimental procedure, 1.5g of Fe
(NO3)3-9H,0 was added into 10 ml of solution contain-
ing 0.2 g of sugar. The mixture was stirred at 60°C. After
30 min of stirring, the solution was purged with Ar
stream for 5 min to remove dissolved oxygen. Then
1.0 ml of NHj (25%) was added dropwise into the mix-
ture under ultrasound radiation and the mixture was
heated at 80°C under Ar atmosphere for about 30 min.
The color of resultant mixture turned into black which
indicated the formation of magnetic Fe;O4. Then, the
solution was cooled to room temperature and obtained
the black product was isolated by applying an external
magnetic field, washed with distilled water. Then, dried
in an oven at 80° for 4 h and stored for further use.

2.3. Synthesis of polymer@Fe;0, nanocomposite

Polymer@Fe;O, nanocomposite were synthesized
via an emulsion polymerization at room temperature.
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Solution of 1.0 g of PDA (monomer) in 30 ml of HCI
(1.0 mol L™") was added to the mixture of 0.7 g of pre-
pared Fe;O, nanoparticles, 2.5 g SDS, and 20 ml chlo-
roform. The resulted mixture was dispersed by an
ultrasonic bath at room temperature for about 1 h.
Then, the fresh KPS solution (1.5 g in 20 ml distilled
water) was dropped into the stirring reaction medium
for 30 min. The reaction was carried out after being
stirred at room temperature for about 24 h afterwards,
the mixture was poured into acetone to terminate the
reaction. The prepared black precipitate was filtered
and washed several times with distilled water and
methanol for once. At the end, it dried at 50°C for
24 h.

2.4. Adsorption procedure

For each experimental run, about 20 mg of pre-
pared nanocomposite was added to 50 ml of Pb*" ions
or Direct Red-81 solution of known concentration.
After adjustment of optimum pH to 4.0 using HCI
and NaOH solution (0.1 mol L™Y), it was shaken for
5min to reach the equilibrium. At the end of the
adsorption period, by applying magnetic field, the dye
solution was separated from adsorbent. Then, the con-
centration of residual direct red-81 and Pb** was
determined by measuring the absorbance at 509.73 nm
using a UV-vis spectrophotometer and FAAS, respec-
tively. For coadsorption in binary systems, 20 mg of
adsorbent was added to the mixture of DR-81 and
Pb>* with the different initial concentrations. The pro-
cedure of adsorption was also the same as the single
analyte solution. The absorption capacity can be
expressed by the following equation:

Qe = (Ci=C)V/m M

where C; and C. (mg L™) are initial and equilibrium
liquid-phase concentration of target analyte, respec-
tively. V is the volume of the solution (L), and m is
the weight (g) of the adsorbent.

3. Results and discussion
3.1. Characterization of polymer@Fe;O, nanocomposite

The SEM analysis gives a sufficient general over-
view of the adsorbent. Fig. 1(a) and (b), show the SEM
images of synthesized Fe;0, and polymer nanocompos-
ite. The image of nanoparticle exhibits the spherical
particles with a mean diameter of 30 nm. As it is illus-
trated, the magnetic polymer shows some agglomera-
tion and increases in particle sizes. The TEM image
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(Fig. 1(c)) was also employed for further characteriza-
tion of the nanocomposite. It is obvious that the mag-
netic nanoparticles are appeared as dark spots in
composite structure, owing to dispersion in polymer
matrices. Fig. 1(d) shows XRD patterns of the nanopar-
ticles and polymer nanocomposite. It is found that all
the reflection peaks at (111), (220), 311), 400),
422),(511),(440) can be well indexed to the inverse
cubic spinel structure of Fe;O,. Moreover, the pattern
of nanocomposite exhibits new peaks at 20°=10.12,
15.49, 20.26, and 24.0 due to crystallinity of (00 1),
(100),(110),and (1 11) planes of polymer [17].

According to Fig. 2(a) which shows the FT-IR spec-
tra of the nanoparticles, characteristic bands from Fe-
O stretching vibrations are observed at 466-565 cm™ .
Also, the spectrum of the composite is dominated by
the bands of the polymer and showed peaks at 2,919,
1,571, and 1,400-1,500 cm !, which assigned to C-H
stretching, N-H-bending unit, and aromatic backbone
vibration, respectively. The magnetic property of the
prepared composite was carried out using a VSM at
room temperature. Fig. 2(b) reveals that the values of
saturation magnetization of the particle and polymer
are 40.8 and 24.5 emu g~ respectively. The quench in
the magnetic moment for polymer nanocomposite is
due to the existence of polymer on the surface of mag-
netic particles.

3.2. Effect of pH on Pb** and DR-81 adsorption

The initial pH solution, which is one of the most
effective parameters, controls the adsorption process
in that the charge of the adsorbate and adsorbent
often depends on the pH of the solution. The variation
of Pb** and DR-81 adsorption on the polymer@Fe;O,
nanocomposite at various solution pH values are
shown in Fig. 3(a). As it can be seen adsorption capac-
ity of both analytes increases with the increase in pH
form 2 to 6. By increasing pH, concentration of H*
ions get decreased. Consequently, the competition
between H' and heavy metal cations was reduced. In
other words, in the acidic media, the amine groups of
adsorbent are protonated. It is worth noting that pro-
tonated cannot make a chelate to Pb*" jons. At high
pH (>7.0), the metal ions could precipitate as hydrox-
ide form which leads to the decrease in removal
efficiency.

It should also be noted that 7—7 interaction can be
a main mechanism for dye adsorption as the structure
of polymer and DR-81 both are composed of benzene
ring (Scheme 1). Electrostatic interaction between anio-
nic dye and positively charged adsorbent may also be
proposed as another mechanism. However, by the
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Fig. 1. SEM image of Fe;O, (a), and polymer nanocomposite (b), the TEM image of polymer nanocomposit (c), and XRD

pattern of nanoparticles and the composite (d).

increase in pH value adsorption efficiency increases
for dye removal, which is in contrast with the estima-
tion. This situation can be due to the fact that in acidic
solution, functional group of DR-81 is in positive state
and the electrostatics repulsion of the dye and posi-
tively charged sorbent resulted in the declined
removal efficiency. Therefore, a pH value of 4.0 was
found to be an optimum pH for the simultaneous
adsorption of Pb*" and DR-81.

3.3. Effect of time

Another significant parameter leading to an effi-
cient analyte adsorption is time which should be long

enough to let a complete uptake happen and also
short enough to lead a time saving and cost effective
adsorption step. To investigate the effect of the time
on the adsorption efficiency, stirring time between 1.0
and 10 min were tested. Results, which are depicted in
Fig. 3(b), showed that lead ions were efficiently
removed from solution at first one min and reached
equilibrium after 5 min. Moreover, the result for dye
removal revealed that time of 5.0 min can also be
accepted as equilibrium time. Initial fast removal is
due to the availability of a large number of adsorption
sites (N-H, O-H and aromatic ring) in other words;
such a fast adsorption rate could be attributed to the
external surface adsorption, and the absence of
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Fig. 2. FT-IR spectra (a) and VSM graph (b) of prepared materials.
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internal diffusion resistance. This result can be proved
based on the surface area (BET) and pore volume
study. The nanocomposite show low surface area
(57 m*g™") and low pore volume (0.02 cm® g™") which
indicated that the material has low porosity and
functional groups are easily accessible to capture the
analytes.

3.4. Effect of adsorbent dosage

Different dosages of magnetic nanocomposite from
10 to 50 mg were tested for the adsorption of azo dye
and Pb(I) at the constant concentration and optimum
pH. To do so, general procedure was applied and
supernatant was analyzed to determine the amounts
of remaining analytes. The results showed (Fig. 3(c))
that adsorption yield percentage increased rapidly by
increasing the adsorbent dosage up to 20 mg due to
the higher number of adsorption site. However, a fur-
ther increase from 20 to 50 mg did not make any
change in adsorption yield percentage of the analyst.
This situation can be justified by the fact that high
dosage may result in aggregation of the adsorbent
which causes removal efficiency to reach a plateau. In
other words, increasing adsorbent dosage causes the
overlapping of the adsorption sites which imposes a
screening effect of the dense outer layer of the parti-
cles, thereby shielding the binding sites from analyte.
Excess amount of adsorbent is not economical. There-
fore, the optimum amount of adsorbent was chosen to
be 20 mg and further extraction experiments were car-
ried out with the optimum amount of it.

3.5. Kinetic models

The effect of stirring time on the adsorption of dye
and Pb** ions were investigated using several kinetic
models under optimum conditions. Four of the main
kinetic models proposed in literature were applied to
the experimental data to determine the kinetic param-
eters and investigate the mechanism of adsorption of
dye and lead by magnetic nanocomposite. The linear
form of integrating the Lagergren pseudo-first-order
equation, the most widely used procedures for the
adsorption of solute from aqueous solution, is
expressed as follows:

In(Q. — Q) =1n Q. — kyt )

where k; is the pseudo-first-order adsorption rate con-
stant and Q., Q; is the values of the amount adsorbed
per unit mass at equilibrium and at any time t (mg g™")
[18,19]. The values of Q. and k; (mg g ' min™") can be

M. Hossein Beyki et al. | Desalination and Water Treatment 57 (2016) 28875-28886

determined experimentally by plotting the In(Q. - Q)
vs. t (Fig. 4(a) and (b)).

Pseudo-second-order kinetics, which is in agree-
ment with chemisorption being the rate controlling
step, is presented by Eq. (3):

t/Qr = 1/kaQ2 +t/Qe 3)

where k, (mgg' min™") is the pseudo-second-order
rate constant of adsorption [20-22]. The equilibrium
adsorption capacity (Q.) and k, can be found experi-
mentally from the slope and intercept of plot t/Q; vs.
t (Fig. 4(c) and (d)).

To investigate the intraparticle diffusion mecha-
nism and its possible rate-controlling, kinetic results
were analyzed by using the intraparticle diffusion
model by the following equation:

Qi =kt'*+C @)

where k, represents intraparticle diffusion rate con-
stant (mg g ' min'), and C is a constant (mgg™)
which gives information about the thickness of bound-
ary layer. The plot of Q, against t'/? yields a straight
line passing through the origin in case of intraparticle
diffusion (Fig. 5(a) and (b)).

The liquid film diffusion model, which explains
the role of transport of the adsorbate from the liquid
phase up to the solid-phase boundary, can be
expressed as follows:

ln(l — F) = —kfdf (5)

where F is the fractional attainment of equilibrium
(F = Q:/Q.) and kgy is the adsorption rate constant. A
linear plot of —In(1 - F) vs. t with zero intercept would
suggest that the kinetic of the sorption process is con-
trolled by diffusion through the liquid film surround-
ing the solid sorbents [23]. The plot of —In(1 - F) vs. ¢
is illustrated in (Fig. 5(c) and (d)).

As the results indicate in Table 1, for the adsorp-
tion of DR-81 and Pb**, although pseudo-first-order
plots for both of analytes are linear, this model could
not describe the kinetics of adsorption of them since
there was a difference between the experimental Q.
value and that obtained from the Lagergren plot for
both analytes.

The second-order plots of t/Q. versus t for both
investigated analytes were also linear; moreover, the
theoretical Q. of both DR-81 and Pb*" were close to
their experimental values, thus this model could be
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Fig. 4. First-order kinetic plot for lead (a) and DR-81 (b), and second order model plot for lead (c), and DR-81 (d) using

the nanocomposite.

the best for describing the kinetics of adsorption of
both of them.

The high linearity of the intraparticle diffusion plot
for the adsorption of both analytes indicated that the
intraparticle diffusion occurred. The line of their plots
did not pass through an origin, and thus, it was not
the only rate-limiting parameter.

The possibility of the film diffusion process was
investigated by plotting —In(1 -F) vs. t. As can be
seen, the curve exhibited linear plot with a correlation
coefficient value of 0.99 and nonzero intercept. This
proved the role of film diffusion in the adsorption of
Pb**, although the nonzero intercept limited applica-
bility of this model. The correlation coefficient of the
plot of —In(1 - F) versus t for DR-81 was not high
enough (0.93), thus this model could not describe the
adsorption of DR-81 on magnetic nanocomposite.

3.6. Adsorption isotherms

Adsorption isotherms could be helpful for describ-
ing how the adsorbate molecules distribute between
the liquid and the solid phase under the optimum
condition when the adsorption process reaches an
equilibrium state. In this study, the Langmuir and Fre-
undlich models were used to simulate DR-81 and Pb**
adsorption isotherm. Freundlich isotherm describes
that adsorption occurs on a heterogeneous surface and
hence does not assume monolayer capacity. The
adsorption occurs at sites with different energies, and
the energy of adsorption varies as a function of sur-
face coverage [24,25]. The Freundlich isotherm is com-
monly expressed as follows:

log Q. = log K¢ + 1/n log C. (6)
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Fig. 5. The intraparticle diffusion model for lead (a), and DR-81 (b), and liquid film diffusion model for lead (c), and

DR-81 (d) using the polymer nanocomposite.

Table 1

Kinetic data model for the adsorption of lead ions and DR-81 using magnetic nanocomposite

Intraparticle Liquid film
Pseudo-first-order Pseudo-second-order diffusion diffusion
Q.mgg™ R Ky Q. R? K K, R? Ka R
DR-81 24.26 0.929 0.1443 29.15 0.925 0.011 7.048 0.97 5.5 0.937
Pb** 2.291 0.99 0.2154 10.66 0.99 0.2904 0.7959 0.99 1.7 0.998

where K; and n are calculated from the intercept and
slope of the linear plot of log Q. versus C. (Fig. 6(a)
and (b))

The Langmuir model assumes that adsorption
occurs at specific homogeneous monolayer surface
containing sites with uniform energy, and there is no
interaction between adsorbate molecules. After com-
pletion of adsorbed monolayer, saturation of active
sites occurs. Therefore, the adsorption of adsorbate
stops, and no more interaction takes place between
the adsorbent and adsorbate molecule [26-29].

The linear Langmuir isotherm equation can be
written as followed:

Ce/Qe = Ce/Qm + (7)

QmKa

where C. is the equilibrium concentration (mg LY, Q.
is the amount adsorbed analyte at equilibrium (mg g™),
Qm is the maximum adsorption capacity of a monolayer
(mg g™, and K, is the energy of adsorption (Langmuir
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Fig. 6. The Freundlich adsorption model for lead (a), and DR-81 (b), and Langmuir isotherm model for lead (c), and
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constant, L mgq). The values of Q,, and K, were calcu-
lated from the slope and intercept of the plot of C./Q.
vs. C, (Fig. 6(c) and (d)). The value of the dimensionless
parameter Ry, which is the measure of adsorption favor-
ability is calculated according to Eq. (8):

Ry =1/(1+ CoKy) ®
The Ry value was found in the range of 0 <Ry <1
which indicated a favorable adsorption process.

It is necessary to fit the equilibrium adsorption
data to analyze an adsorption process, and hence, the
chi-square test (y*) was used to test the accuracy of
the isotherm models [30]:

ooy (@m0

9
ol €)

where Qe.p and Q. are the experimental data and the
calculated from nonlinear models. According to the
results, Fig. 7 and Table 2, the Freundlich model had
better linearity for both analytes, but error analysis for
lead ions confirms that Langmuir model showed
lower y? value; and hence, Langmuir model can better
describe adsorption behavior of the lead ions. The
error analysis for DR-81 exhibited that the experimen-
tal data well fitted with Freundlich model, which con-
firmed the result of the linear isotherm model.

3.7. Mutual adsorption result

In one binary system, the initial concentration of
DR-81 was fixed to 20 mg L7}, whereas the concentra-
tion of Pb** was varied. The effect of Pb** concentra-
tion on DR-81 adsorption is depicted in Fig. 8. It can
be seen that increases of Pb®* concentration, decreased
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the adsorption of DR-81. The adsorption capacities for
DR-81, decreased from 29.3 to 13.3 mg g™ (reduction
of 54.6%) in the presence of Pb?*. Hence, there is the
competitive between the adsorption of metal ion and
anionic dye and the nanocomposite has a better affin-
ity for Pb** ions. This indicates that active sites for
both analytes are similar. In other words, owing to
lower size of lead ions compared to dye molecules, it
easily diffuses in the adsorbent structure and reacts
with amine and hydroxyl functional groups.
Occupation of active sites with lead ions causes less
interaction between dye and adsorbent surface as a
result dye removal efficiency decreases. In order to
investigate the effect of DR-81 concentration on Pb**

adsorption in another binary system, the initial
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Table 2
Isotherm data for adsorption of lead ions and DR-81 using
magnetic nanocomposite

Langmuir DR-81 Pb**  Freundlich DR-81 Pb*
R? 0.84 0.98 R? 0.99 0.99
K, 0.03 0.04 n 1.34 1.15
Om 144.92 37037 K; 6.49 14.90
Ve 1.2 0.09 7 0.26 1.13
30
25 -
— DR-81
—Ph
20 -
"o
bh 15
¥ 15
&
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S .
0
0 10 20 30 40 50
Co(mgL1)

Fig. 8. Mutual effect of lead and DR-81 on adsorption
property.

concentration of Pb** was constant at 5mg L™ and
the concentration of DR-81 was varied. As shown at
Fig. 8, by increasing the concentration of DR-81, Pb**
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on 40
g
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Fig. 7. Fitting calculated adsorption data with experimental values for lead (a) and DR-81 (b).
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Table 3
Comparison the lead adsorption property of prepared composite with some adsorbents
Adsorbent Capacity (mg g™ Time (min) Refs.
Poly(o-phenylenediamine) 4,700 20h [11]
Poly(m-phenylenediamine) 238.9 20 [12]
Poly(o-phenylenediamine) /GO 228 100 [13]
MCM-48 127.24 90 [25]
Fe;04-poly phenylenediamine 370.37 5 This work
Table 4
Comparison dye adsorption property of prepared composite with some sorbents
Adsorbent Dye Capacity (mg g™") Time (min) Refs.
Waste iron ore Congo red 172.4 30 [4]
CuFe,0,/activated carbon Acid orange II 404 300 [5]
Orange peel carbon Direct Yellow 12 75.76 120 [19]
Waterworks sludge Direct blue 71 625 160 [20]
Cellulose/Fe;0,/activated carbon Congo red 66.09 15h [27]
Fe;04-poly phenylenediamine Direct red 81 144.92 5 This work

adsorption was significantly increased this could be
due to the electrostatics and chelation interactions
between the heavy metal ion and anionic dye, which
assist Pb** adsorption.

3.8. Regeneration of sorbent

In order to have economical adsorption process,
regeneration of solid sorbent is of a great importance.
To this end, release of adsorbed analytes from the sor-
bent surface was also investigated. According to effect
of pH on lead adsorption, the removal efficiency was
not quantative in acidic situations. Therefore, it can be
estimated that acidic solution may be an appropriate
eluent for lead desorption. As a result, different con-
centrations of HNOj solution were applied and the
result showed that 0.5mol L™' could release target
ions with efficiency of 95%. Moreover, adsorbed dye
was released completely from sorbent surface by etha-
nol -NaOH (0.1 mol L™") mixture.

3.9. Comparison with other methods

In Tables 3 and 4, the performance of proposed
method for lead and dye adsorption was compared
with some repots in literature. Based on the results, the
performance of this method was significantly better
than the most previous ones with respect to the adsorp-
tion capacity and adsorption time. According to these
results, the proposed system is a good candidate for
environmental remediation purpose to reduce the haz-
ardous impact of heavy metals and hazardous dyes.

4. Conclusion

In this paper, poly-phenylenediamine-eco-friendly
synthesized Fe;O4 nanocomposite was used for DR-81
and Pb*" adsorption in both single and binary sys-
tems. The adsorption processes is fast as equilibrium
time was 5 min and the kinetic well fitted by pseudo-
second-order kinetic model. The Freundlich isotherm
could perfectly describe the adsorption processes of
dye, however, lead adsorption followed Langmuir
model. The maximum adsorption capacities were
found to be 144.92 and 370.37 mg g~' for DR-81 and
Pb**, respectively. Results indicate that, magnetic
nanocomposite is an effective candidate in the adsorp-
tion of heavy metals and dyes as it is cost-effective
and its synthesis method is simple.
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