Removal of titan yellow dye from ag. solutions with polyaniline/FesO4 nanocomposite

E

Section B-Research paper

REMOVAL OF TITAN YELLOW DYE FROM AQUEOQOUS
SOLUTION BY POLYANILINE/FesO4 NANOCOMPOSITE

Mohamed A. Salem,[®* Ibrahim A. Salem,[@ Mahmoud G. Hanfy,l and
Ahmed B. Zakild

Keywords: Adsorption, Magnetite, Polyaniline nancomposites, Titan yellow, wastewater treatment, dye removal

The efficiency of polyaniline/FesOs (PANI/Fe304) nanocomposite (NC) as an adsorbent was investigated in the removal of Titan yellow
(TY) dye from aqueous solution. The PANI/FesO4 was synthesized by polymerization of aniline in H2SO4 medium in the presence of
Fe3O4 nanoparticles with ammonium persulfate as an oxidant. The NC formed was characterized by SEM and FT-IR methods. The dye
removal process was studied under various conditions and was found that the adsorption activity of the PANI/Fe3O4 NC was greater than

that of the bare PANI and FesO4 nanoparticles. Adsorption kinetics fitted with pseudo-first-order kinetic model.
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Introduction

The pollutants in wastewater effluents from industrial
sources must be removed or destroyed before water can be
discharged into the environment.! Textile industry is known
to be one of the major sources for the pollution of the
environment.?

Adsorption is a widely used method for the removal of
organic and inorganic pollutants from wastewater effluents,®
including the removal of dyes from aqueous solutions. The
most promising adsorbents of the textile dyes are
polyaniline(PANI),**>  polyaniline/silica,>  polyaniline/
sawdust,”  FesO4/C/polyaniline  composites,®  humic
acid/Fe;04,° Fes04/C composites,'® FesOu/sodium dodecyl
sulphate (SDS)** and activated carbon.?*3

Among the mentioned adsorbents, conducting polymers
like PANI and their composites have been the subject of
intensive research and development due to theirs unique
properties including theirs high environmental stability.4
Aniline polymerization in an aqueous acidic medium yields
the most conductive form of PANI, the emeraldine salt (ES),
and this can be converted to the corresponding emeraldine
base (EB) with an alkaline treatment. The ES and EB are
used as excellent adsorbents for both anionic* and cationic®
textile dyes.

The NC of polyaniline with FesOs has received great
attention because of its magnetic and electrical properties. It
can be prepared via two steps. The first is the preparation of
magnetic iron oxide (FezO4) nanoparticles then the second
step is polymerization of aniline in the presence of Fe304
formed using an oxidant in acidic medium.*>7

Eur. Chem. Bull., 2016, 5(3), 113-118

DOI: 10.17628/ECB.2016.5.113

In the present article, we report the results of the removal
of Titan yellow (TY) dye from aqueous solution by
PANI/FesO4 NC as an adsorbent. The adsorption processes
was carried out under controlled reaction conditions to
reach the highest removal efficiency.

Experimental

Materials

Aniline (Adwic) was distilled twice until it turned
colorless. Titan yellow (Figure 1) from Winlab was used
without further purification.
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Figure 1. Structure of Titan Yellow.

Ammonium peroxydisulfate (APS) (Sigma-Aldrich) was
high grade quality and used as received. The measurements
were performed in distilled water all over the experimental
work.

Synthesis of oleic acid-coated FesO4 nanoparticles

The oleic acid-coated FesOs was prepared by co-
precipitation of aqueous Fe**/Fe?* ions in the presence of
oleic acid (OA). FeCl; (14.62 g, 0.09 mol) and FeSO..7H,0
(12.52 g, 0.045 mol) were dissolved in little amount of water
(60 mL), followed by 140 mL water and stirred vigorously
at 85°C. Ammonium hydroxide (50 ml) was added slowly to
reach the pH 9. At this stage, oleic acid (4 g) was then added
and the reaction was left to continue for 2 h at 50 °C. The
black precipitate formed was centrifuged and washed
thoroughly with ethanol then water and dried at 60 °C
overnight.
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Synthesis of polyaniline (PANI)

Polyaniline in the form of ES was prepared by oxidative
polymerization of aniline in aqueous H,SO4 solution in the
presence of APS as oxidizing agent. APS (7.5 g, 0.033 mol)
and SDS (0.06 g) were transferred into a beaker (500 mL)
containing 200 mL of H»SO4 (0.5 M). The mixture was
stirred magnetically in an ice bath at 5 °C. Aniline (3 mL,
0.033 mol) was then added dropwise with continuous
stirring for 1 h at temperature below 10 °C. The APS/aniline
mole ratio was kept at 1:1 in all experiments unless
otherwise stated. The deep green precipitate of polyaniline
salt was filtered and washed with H,SO, acid (0.5 M) until
the acid filtrate turned colorless. It was further washed with
water and dried overnight at 60 °C.

Synthesis of PANI/Fe3O4 hanocomposite

The nanocomposite was prepared by in situ oxidative
polymerization of aniline in the presence of Fes;04
nanoparticles in an aqueous suspension. FesOs NPs (0.3 @)
were dispersed in 200 mL of H,SO. (0.5 M) and sonicated
for 1 h in the presence of SDS (0.06 g). APS (7.5 g, 0.033
mol) was then added and the mixture was stirred
continuously at 5 °C followed by the slow addition of
aniline (3 mL, 0.033 mol). The polymerization reaction was
allowed to proceed under these conditions for 1 h until a
dark precipitate of PANI/FesO4 NC was obtained. The NC
was collected by filtration and washed with the acid solution
(0.5 M) until the acid filtrate turned colorless. The product
was further washed with large amount of distilled water
until the filtrate became colorless. It was dried in oven at 60
°C overnight and the yield was weighed.

Characterization techniques

Characterization of above samples was performed by
conventional techniques. The morphology of samples was
studied by the scanning electron microscope (SEM) (JSM,
JEOL, 5300). FT-IR measurements were recorded on Jasco
FT-IR 4100 (Japan) in the range 4000 — 400 cm™.

X- ray diffraction (XRD) patterns beam was nickel -
filtered CuKa (A = 1.5405 A) radiation operated at 40 kV
and 30 mA. The scanning range was from 26 = 0 to 90 °
with rate of 2.4%/min.

The UV/Vis spectra were recorded on the UV/Vis
spectrophotometer (T80PG instruments Itd) linked with a
temperature control unit to adjust the cell holder temperature
to the desired value + 0.1 °C.

The thermogravimetric analysis (TGA) technique was
used primarily to determine the thermal properties of the
prepared NC (SDT Q600 V20.5 Build 15). The technique
can analyze materials that exhibit either mass loss due to
decomposition, oxidation or loss of volatiles (such as
moisture).

The PANI/Fe3;04 composite (0.02 g) was transferred into a
conical flask (100 ml) containing 20 ml of the dye solution
at 30 °C. The mixture was stirred at 120 rpm. The initial
concentration of the dye was varied from 17 to 44 mg L.
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Results and Discussion

Transmission electron microscopy (TEM)

The TEM image of the OA-Fe304 nanoparticles is shown
in (Figure 2c). Spherical nanoparticles of OA-Fe;O4 with
average diameter about 12 nm are observed. Figure 2d
indicated that the encapsulated OA-Fe3O4 nanoparticles in
PANI have average diameter 14 nm.

Scanning electron microscopy (SEM)

(Figure 2a) shows the SEM micrograph of the free FezO4
nanoparticles. The nanoparticles seen to be aggregated in an
irregular shape due to their high surface energy. Different
appearance was observed in (Figure 2b) for the PANI/ Fe30..
The nanoparticles of composite bind with PANI-chains to
form multiparticles aggregates, which keep the free FesO,
nanoparticles tightly bound.

Figure 2. SEM images: (a) Oleic acid/FesOs, (b) PANI/OA-Fe30s4;
TEM images: (c) Oleic acid/FesO4, (d) PANI/OA-Fes0a4.

FT-IR

The FT-IR spectrum of FesOs nanoparticles
(Supplementary material, S1) shows a band at 3429 cm,
which is a characteristic of the free OH groups on the
nanoparticle surface. The peaks at 2924 cm™ and 2854 cm'*
correspond to the stretching vibration of saturated —C-H
groups due to the oleic ester. The stretching vibration of
C=0 of oleic acid is at 1703 cm. The peaks at 587 cm™and
451 cm* are assigned to the vibration of Fe?*-O and Fe3*-O
bonds, respectively. The band at 1102 cm is assigned to
the C-N bonds, while the peak at 3231 cm™ corresponds to
the N-H stretching vibration.

The PANI/OA-Fe304 nanoparticles formation is attributed
to the strong interaction between PANI and OA-Fe304. Iron
has the capability to form coordination bonds with the -NH
group of PANI chain.’®® and hydrogen bond can also be
formed between the O atom of the carbonyl group of OA-
FesO4 and the —-NH of PANI. Hydrogen bonds may also
formed between the hydroxyl group at the surface of OA-
Fes04 and N atom of the quinonoid structure (peaks at 1565
cmt and 1444 cm* are assigned to quinonoid and benzenoid
structures, respectively).
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X- ray diffraction

Figure 3 shows the XRD pattern of OA-Fe304
nanoparticles and PANI/FesOs NC. A comparison between
both the patterns revealed that a single peak at 6 = 25°
appeares in the PANI/Fe304, which is characteristics of the
PANI. The rest of peaks are assigned to the OA-Fes;04
which has a cubic crystal system. These results agree with
the reported results.!® Crystallite size of magnetic
nanoparticles is calculated from Scherrer equation.?®?! The
average size of the FezO4 particles is found to be 8 - 10 nm
which is consistent with the results of TEM.
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Figure 3. XRD patterns of OA-FesO4 and PANI/ OA-FesOa.

Adsorption of TY on PANI/Fe3O4

On the addition of the dye solution to the NC sample, a
relative fast decolourization took place (Figure 4). The
absorbance of the dye solution decreased by ca. 80 % over
90 min, depending on the operating reaction conditions.
Adsorption of TY onto the bare FesOs, PANI and the NC
was also investigated. The rate constant of dye adsorption
from solution follows the order PANI/Fes0s4 > Fe304 >
PANI under similar conditions. Adsorption of the dye by
PANI occurred due to the electrostatic interactions between
the -NH*- centers of PANI (ES form) and dye anions. The
difference between the amount of the dye adsorbed on
FesO4 nanoparticles and PANI/FesOs NC illustrates the
presence of active sites for TY adsorption. The increase in
the functional O and N atom containing groups content in
the NC comparing that in bare Fes0, makes the NC to be
desirable for dye adsorption.?? The results obtained may be
explained in terms of the increasing the amount of this
groups and the surface area of the PANI/Fe;04 NC.

Effect of PANI/FesO4 NC and dye concentrations

The rate of adsorption increased with increasing the NC
amount. This can be explained in terms of the availability of
active sites on the PANI/Fe3O4 surface that is eligible to
interact with the TY molecules. The effect of dye
concentration on the rate of reaction was investigated by
keeping the amount of PANI/FesOs constant and the dye
concentration varies in the range (0.5 - 1.5)x10** M. The rate
of adsorption decreases with an increase in the dye
concentration.
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Figure 4. Absorbance traces of TY with time in the presence of
PANI/OA-Fe304[TY] = 2.6 x10* mol L1, PANI/OA-Fes0s = 0.02
g.

The more dye concentration the greater loading of NC
surface with dye molecules are occurred. A slower
adsorption would then be expected with the continuous
blocking of the available active sites on the NC surface with
the previously adsorbed molecules of the dye.

Effect of pH

The rate of dye removal by adsorption on the NC depends
greatly on the pH of the medium. The measurement of the
rate was carried out in the pH range 2-8 using phosphate
buffer. The rate constant decreased with increasing the pH
of from 2 to 8 (Figure 5). In strong acidic medium, the
PANI always exists in the form of ES. This form is rich with
the positively charged sites that undergo interaction with
anionic moiety of the dye molecule. The ES form transforms
into the EB form at higher pH. As the pH increases, the
transition continues leading to the depletion of active sites in
the polymer skeleton and consequently the interaction of
PANI with TY is inhibited.

Adsorption kinetics

The effect of the initial dye concentration on the
adsorption parameters was studied. The amount of dye
adsorbed, g: (mg g?), at time t for each concentration was
estimated by the mass balance equation.

Co B Ct (1)

where

Co is the initial concentration (mg L) of TY,

Ctiis the concentration of the remaining dye in solution at
time t (mg L™),

V is the total volume (L) of reaction mixture and

m is the mass in gram of PANI/Fe3;04 sample.

The g, increased with the contact time of the dye with the
adsorbent and also with the initial concentration of the dye.
The dye adsorption on PANI/Fe;O4 was initially fast and
then slowed down thereafter.
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Figure 5. The dependence of the rate constant upon the pH.
PANI/OA-Fes04 = 0.02 g,[TY] = 2.6 x10* mol L%, T = 30°C.

The adsorption kinetic data were analyzed in terms of
different types of mathematical models. The first is pseudo-
first-order kinetic model proposed by Lagergren’s 2 in eqgn.

).

log(q, —q,)=logq, —t )

where

g and ge (Mg g*) are the amounts of dye adsorbed per unit
mass of the NC at time t and at equilibrium, respectively.

ki (min?) is the pseudo-first-order rate constant of
adsorption.

Figure 6 shows the linear relationship between log(ge-g:) and
t. The slope of the plot is ki and the intercept is log (qe).
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Figure 6. Pseudo-first-order Kinetics for adsorption of TY onto
PANI/OA-Fe304.PANI/OA-Fes04 = 0.02 g, T = 30°C.

The second model is pseudo-second-order Kinetic, proposed
by Ho and McKay?* which is represented by the equation,

t_ 1 .t
q ka2 q, ®)
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where

ge is the amount of dye adsorbed at equilibrium
(mg g™), and

ko is pseudo-second-order rate constant for adsorption
(g mg*min™t).

kog¢? is the initial rate of adsorptionatt — 0.

Values of ge, koge2 and kz are calculated from the slope and
intercept of the straight line obtained from the plot t/g;vs t at
various dye concentrations. Values of k and g, and
correlation coefficient for this kinetic model are given in
Table 1. Because of the correlation coefficients obtained for
pseudo-first-order kinetic model are higher than for pseudo-
second-order models, then the adsorption process follows
better the former one.

Table 1. Kinetic parameters for adsorption of TY onto
PANI/Fes04 NC

Kinetic models and Coof TY (mg L1
parameters 17 30 42 44

e (exp), mg gt 12 20 30 34
Pseudo-first-order

Qe (calcd.), mg g! 10 18 28 34

ki, mint 0.0915 0.0243 0.0236 0.013
R? 0.993 0.998 0.992 0.992
Pseudo-second-order

Qe (calcd.), mg gt 15 21 26 56
k2x 103 gmgimint 9.3 5.4 2.6 14

R? 0.998 0.996 0.964 0.980

Adsorption isotherms

The Langmuir and Freundlich isotherm models were
applied to estimate the adsorption capacity of the
PANI/Fe304 NC towards the TY in view of the adsorption
results obtained.

Langmuir adsorption isotherm

The following equation describes the monolayer surface
coverage of the NC with the adsorbed dye molecules.?®
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Figure 7. Langmuir isotherm for adsorption of TY on PANI/OA-
FesOs. PANI/OA-Fes04=0.029, T=30°C
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Table 2. Isotherms constants for the adsorption of TY onto PANI/ Fe3O4 PANI/Fe304 = 0.02 g, Temp = 30 °C.

Langmuir isotherm parameters

Freundlich isotherm parameters

gm KL RLrange R? Kt 1/n n R?
50 0.415 0.12-0.05 0.998 3.8 0.86 1.16 0.997
& = &JF 1 (4) Freundlich adsorption isotherm
qe qm qm KL
where Freundlich model is given by the eqgn. (7).2

ge is the amount of dye adsorbed at equilibrium (mg g%)

Ce is the equilibrium concentration of the dye (mg L™) in
bulk solution.
KL is the equilibrium constant (L g™*) while

gm represents the maximum adsorption capacity when one
layer of dye molecules is completed on the surface of the
NC.

K and gm are derived from the intercept and slope of Ce/qe
versus Ce plot which is shown in (Figure 7). It is known that
the Langmuir isotherm is related to a dimensionless
separation factor R, that is defined as

1
Ro=——
LTI+ K, C, ()

The RL denotes to the state of the adsorption process. If
(0 < RL < 1) the adsorption is favorable, (RL > 1) it is
unfavorable, (R_ = 1) is linear, and (R = 0) is irreversible.
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Figure 8. Freundlich isotherm for adsorption of TY on PANI/OA-
FesOs.PANI/OA-Fes04 =0.02 g, T = 30°C.

In the present study the value of R, is ranging from 0.12
to 0.05 for the different initial concentrations of TY used.
Table 2 indicates a favorable adsorption of the dye by
PANI/Fe304 NC.
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log ge = log K + (1/n) log Ce (6)

Values of K and n denote to the adsorption capacity and
adsorption intensity, respectively. They were calculated
from the intercept and the slope of the log ge vs log Ce plot
(Figure 8). 1/n describes the heterogeneity in adsorbent
surface. Its small value indicates a favorable. A value close
to or equals 1 indicates a material with relatively
homogenous binding sites. A high value of Ke confirms a
high adsorption capacity of the adsorbent. Adsorption
isotherms of both Langmuir and Freundlich are depicted in
(Figures 7, 8). The adsorption parameters derived from these
isotherms are summarized in Table 2. The correlation
coefficients (R?) confirm that both isotherms are satisfactory.

Adsorption mechanism

The possible proposed adsorption mechanism of the dye
on the surface of PANI/Fe304 involves two routes. The first
is the electrostatic interaction between the dye molecules
and the polyaniline salt. The second is the formation of a
coordination bond between Fe;O4 and the dye as shown in
Figure 9.
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Figure 9. Adsorption mechanism between PANI/FesO4 NC and
TY.

On dissolution of the dye in water it dissociates into dye
anions(D-SOs) and Na' ions, where D denotes to the
organic moiety of the dye molecule. This anion interacts
with the positive centres (-NH*—) on the PANI surface. The
effect of pH given (Fig. 5) is a good evidence for this
phenomena. In acidic medium the adsorption is great due to
the existence of more -NH*— species on the PANI skeleton.
In the basic medium the concentration of these species
decreases and therefore the interaction between the
adsorbent and the adsorbate is declined.
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Regarding the participation of Fe3O4 in the adsorption
process, it may be attributed to the development of a bond
between the Fe3O4 and the dye molecule.

Conclusion

Adsorption of TY dye is more efficient onto the
PANI/Fe304 NC compared with the bare PANI and Fe3Os. It
obeyed both the Langmuir and Freundlich adsorption
isotherms. The adsorption process was spontaneous and
followed pseudo-first-order kinetic model. This method is
promising towards the treatment of wastewater containing
dyes.
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