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ABSTRACT
Magnetic composite materials have been considered as one of the promising candidates for wastewater treatment. In
this paper, the starch-g-polyaniline/Fe3O4 (St-PANI/Fe3O4) composite particles were prepared successfully via
chemical oxidation polymerization of aniline and starch with ammonium peroxydisulfate as a catalyst. The
characterization of prepared composite materials was investigated by Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscopy (SEM), X-ray Diffraction (XRD), Vibrating Sample Magnetometer (VSM), and
Thermo Gravimetric Analysis (TGA) techniques. The composite materials were used for removal of textile dyes from
aqueous solutions. The effect of various factors to adsorption capacities such as initial dye concentrations (50-200
mg/L), adsorbent amount, pH of the medium (3, 5, 7 and 9), and contact times were also investigated. The results
showed that these composite materials had the high feasibility removal of anionic dyes, but low efficiency for cationic
dyes in an aqueous solution. The absorption yields were strongly affected by the dye concentrations, adsorbent amount,
contact time and pH. In addition, the composite can be collected easily from an aqueous solution and recycled after
usage with the help of an external magnet due to the magnetic property.
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INTRODUCTION
Environmental issues have become exceptionally acute in the world and emerged as a high national–
international priority, has been received a global attention. Many polluting substances from textile dyeing
industrial wastewaters were found to be undegraded and toxic, genotoxic and mutagenic to environment
and human. The polluting substances contained a mixture of various types of textile dyes and heavy metals
in the dye treatment or dyeing process.1-3 The current methods such physical, chemical and advanced
oxidation processes are using for wastewater treament.4-8 Each method exhibited various advantages and
limitations in practical application. Wastewater treatment by adsorption processes has been shown to be
effective, economical and used for various types of pollutants.
Adsorption method is widely applied for textile dyes removal from sewage, especially when the adsorbents
are cheap and easily available.9 Recently, polyaniline (PANI) composites are interested as promising
candidates for environmental application purpose because of its good environmental stability and
controllable electrical properties. PANI polymer composite has been studied for adsorption of heavy metal
and textile dyes.10-13 Starch and its composite have many useful features such as biocompatibility and
biodegradability property.14,15 Starch/polyaniline and chitosan/polyaniline composites were prepared for
enhanced removal of textile dyes from the synthetic effluent.16 However, the small size adsorbents are not
easy to separate from the aqueous solution after usage by filtration or centrifugation. Recently, separation
of small size adsorbent by magnetic technique has been paid attention. The magnetic material or composites
can be separate from the water efficiently regardless of its size by magnetic force. With our knowledge, so
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far, there is no report on the preparation of magnetic starch-PANI composite for textile dye removal. This
work aims to synthesize multifunctional composite materials consisting of a magnetic core coated with
conducting polymer via in situ polymerization. The adsorptive capacity of various textile dyes in aqueous
solutions onto prepared composite under different initial dye concentration, contact time, adsorbent dosage,
pH of the solution and dye structure were also investigated.

EXPERIMENTAL
Material
All reagents in the experiments were analytical grade. Aniline and ammonium peroxydisulfate were
obtained from Aldrich-Sigma Chem.Co. FeCl3.6H2O, FeCl2.4H2O and NaOH were obtained from TCI
Chem.Co. All the other chemicals were reagent grade and used directly. Reactive Blue 198 (RB198) (Mw=
1304, λmax = 625 nm), Reactive Red 198 (RR198) (Mw= 983.5, λmax = 516 nm), Reactive Yellow 160
(RY160) (Mw= 817.5, λmax = 412 nm) and Methylene Blue (MB) (Mw= 319.86, λmax = 665 nm) were
donated from Thanh Cong textile and dyeing enterprise. Synthetic industrial wastewaters were prepared by
dissolving dyes in deionized water.
Preparation of Fe3O4 Magnetic Nanoparticle
Typically, a determined amount of FeCl3.6H2O (0.01 mol) and FeCl2.4.H2O (0.005 mol) were dissolved in
ultra-fine water (50 mL) under magnetic stirrer and heated at 80 oC. The ammonia solution (25%) was
added to above mixture to deliver Fe3O4 precipitation. At this step, the pH of the solution was maintained
at 11. The mixture changed its color from light green to black. The obtained mixture and then was stirred
for 6 h. Afterwards, the Fe3O4 magnetic nanoparticle was separated by an external magnet, and the
precipitation was washing several times with deionized water and ethanol until pH 7, then dried in a vacuum
oven for 24 h.
St-PANI/Fe3O4 Composite Preparation
The St-PANI/Fe3O4 composite was obtained by polymerization of starch and aniline with the addition of
prepared nanoparticle Fe3O4 in the presence of ammonium peroxydisulfate (APS). In brief, maize starch
4% in ultra-fine water was added to aniline solution (1.0M) in HCl and stirred for 10 min at 5 oC. Then the
desired amount of Fe3O4 and APS was mixed with the previous mixture. The resulting solution was then
vigorously stirred for 5 h. The composite was collected by vacuum filtration and then washed with ultrafine water and methanol for three times before drying in a vacuum oven for 24 h to obtain a blackish green
solid.
Characterizations
FT-IR measurements of prepared materials were conducted on a Tensor 27 –Bruker (Germany) with the
scanning wave numbers of 400 to 4000 cm−1. XRD analysis of Fe3O4 and St-PAN/Fe3O4 were measured by
a D8 Advance–Bruker System (Germany). SEM technique (HITACHI-S-4800, Tokyo, Japan) was used to
observe the surface morphology of St-PANI/Fe3O4. Morphological examination of Fe3O4 nanoparticles was
conducted using transmission electron microscope (TEM). TGA of St-PAN/Fe3O4 were analyzed by a
thermogravimetric analyzer (Q500, Japan) in an air atmosphere at the temperature ranged from 30 to 800 °C
with a scanning rate of 10 °C min−1. The magnetic property of St-PANI/Fe3O4 composite was measured
using vibrating sample magnetometer (DMS-880).
Adsorption Experiments
The absorption capability of composite materials was carried out in 50 mL various dyes concentrations of
50 ppm, 100 ppm, 150 ppm, 200 ppm and an adsorbent amount of 0.1g for the contact time of 0 to 60 min.
The influence of pH on dyes absorption was conducted at different pH values (3, 5, 7 and 9) and 50 mL dye
solution with a fixed amount of adsorbent and time (0.1 g and 60 min, respectively). The effect of adsorbent
dosage was carried out in the 50 mL dye solution (concentration of 50 ppm) with 0.025, 0.05, 0.1 and
0.125g absorbents, respectively.
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The absorbance of samples was determined by an Ultraviolet–visible spectrophotometer at proper
wavelengths. Percentage adsorption yields were determined by Eq. (1):
(C0 – Ce)/C0 ×100
(1)
Where Co and Ce are the initial and equilibrium concentration of dye solution (ppm). Triplicate samples
were measured for each experiment to report the average value and its standard deviation.

RESULTS AND DISCUSSION
Characterization of St-PANI/Fe3O4 Composite
FT-IR spectra of Fe3O4, starch, and St-PANI/Fe3O4 composites are shown in Fig.-1. The absorption bands
at 3550–3250 cm−1 belong to O-H and N-H groups stretching vibration of starch. Peaks at 2950 and 1558
cm−1 are ascribed to N-H bending, and a peak at 1490 cm−1 was assigned as the C-C stretching vibration of
the benzenoid ring.17 The peaks at 1130 cm−1 corresponded to C-N and C-H stretching vibrations of the
benzene ring. Additionally, spectra also show the vibrations of carboxyl (1260 cm−1) and aromatic (800900 cm−1) rings for starch and polyaniline, respectively. The peak at 584 cm-1 belongs to Fe-O vibration of
Fe3O4. The intensity of this peak increased with increasing the Fe3O4 content from 10 to 40 wt. % in
nanocomposite composition.
XRD is used to determine crystallization of crystals in the composite materials. Figure-2 shows the XRD
patterns of Fe3O4 and St-PANI/Fe3O4. The appearance of 30.19°, 35.35°, 43.3°, 53.5°, 57.37° and 62.92°
diffraction peaks can be revealed to (220), (311), (400), (422), (511) and (440). These planes belong to
results of cubic Fe3O4 in JCPDS file no. 88-0866.10 These diffraction peaks of Fe3O4/PANI sample were
similar with those of bare magnetic particles, indicating that the coating Fe3O4 nanoparticles by polyaniline
composites polymer did not cause the decrease its crystallization. The results from XRD and FT-IR analyses
confirm that the St-PANI/Fe3O4 composite was successfully synthesized with constituents of polyaniline,
Fe3O4 and starch.16
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Fig.-1: FT-IR of prepared samples

The thermal stability of the St-PANI/Fe3O4 composite materials was investigated through thermogravimetric analysis and the results are presented in Fig-3. According to TGA analysis, the weight loss of
composite material underwent several periods. The first period (8.24 wt%) between 30 and 150 ºC could
be due to the water and residual volatile molecules evaporation in the synthesized composite. The second
period was from 150 to 280 °C with an endothermic peak at 247.4 oC due to the degradation of the skeletal
polyaniline chain structure. The last weight loss was observed from 280 to 800 ºC with endothermic peaks
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at 342.8 and 780.3 oC. These weight losses occur due to decomposition of starch amylase/amylopectin and
the oxidative degradation of polyaniline in an oxygen atmosphere. The residual mass (28.7 wt%), which
was stable during heat treatment process, could be assigned to Fe3O4 nanoparticles.
Additionally, magnetization curve (VSM) of Fe3O4 and composite of polymer component/Fe3O4 (ratio
90:10) was presented in Fig-4. The results showed that the magnetization saturation (Ms) value of Fe3O4
was 62.3 emu/g. However, the saturated magnetization of St-PANI/Fe3O4 composite decreased to 5.2
emu/g. This could be explained due to the contribution of nonmagnetic polymer surrounding Fe3O4
nanoparticles. The similar results were also observed previously.10,18 It is well-known that the composite
particles with magnetic property can be recovered from an aqueous solution with an external magnet.
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Fig.-2: XRD of St-PANI/Fe3O4 composite and Fe3O4 nanoparticle

TEM and SEM images of the prepared Fe3O4 nanoparticles and St-PANI/Fe3O4 composite are shown in
Fig-5. The TEM image of Fe3O4 nanoparticles shows the particles with a spherical shape and their sizes
were about 10-20 nm. For St-PANI/Fe3O4 composite, however, the SEM image shows an agglomeration of
these particles due to the polymer covered outside.
Effect of starch-PANI/Fe3O4 Ratio
The effect of various starch-PANI/Fe3O4 ratio for adsorption of dyes is shown in Figure-6. The results show
that adsorption yields increase with a decrease the inorganic component in St-PANI/Fe3O4. The adsorption
of dyes onto the composite surface occurred due to the electrostatic interactions between the starch-PANI
and dye anion. The results obtained may be explained in terms of the increasing the surface area of StPANI/Fe3O4 due to the increase the content of starch-PANI (Fig-6).
Effect of Adsorbents Dose
Figure-7 shows the effect of St-PANI/Fe3O4 dosage on adsorption yields tested on reactive blue, reactive
red, and reactive yellow. As can be seen from Fig-7, the adsorption yields increase from 33 to 95% for all
dyes with increasing of St-PANI/Fe3O4 amount from 0.025 g to 0.125 g. This can be explained due to the
adsorption capacity depends on the external surface of the adsorbent material, which increases with
increasing absorbent quantity.
Effect of Contact time and Dye Concentrations
Figure-8 presents the effect of dye concentrations on the adsorption yields of St-PANI/Fe3O4 composite.
The dye concentrations varied from 50 to 200 ppm. The absorption yields increased fast with an increasing
of adsorbed time in the range of 0-40 min (Fig.-8). After 40 min, however, the amount of the adsorbed dye
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increased slightly and the adsorption reached equilibrium after 60 min. The high absorption capacity of StPANI/Fe3O4 composite at the beginning stage (t < 40 min), could be corresponded to the more adsorption
sites of St-PANI/Fe3O4 surface.
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Fig.-3: TGA curve of St-PANI/Fe3O4 composite.

Fig.-4: Magnetic hysteresis loops of Fe3O4 nanoparticle and starch-PANI/Fe3O4 composite.

After contact time 40 min, most of these sites were occupied by the adsorbates resulting in the decrease
adsorption yield. Additionally, these diagrams pointed out that an increase in various dye concentrations
from 50 to 200 ppm led to the adsorption yields decreased, which could be explained by the decreasing
number of available active sites of adsorption. The adsorption yields were from 92 to 64% for the initial
concentration of dye solutions from 50 to 200 ppm, respectively. These results confirm that the
concentration of dyes presented an important contribution in the adsorption capacity of St-PANI/Fe3O4.
The similar results were observed for adsorption of a cationic dye onto clays and oil shales.3
Effect of pH
Figure-9 presents the effects of pH on adsorption yields for various dyes onto the composite. As shown in
Fig-9, the pH strongly affected the adsorption yields. In particular, for all investigated dyes, the adsorption
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yields decreased with increasing pH solution. The high adsorption yield (86-93%) was observed in acidic
condition (pH =3). At alkaline medium (pH = 9), however, the adsorption yields decreased to 16-57%.
Additionally, the removal capacity of RY160 and RR198 dyes were decreased more slowly than that of
RB198 when the pH increased from 3 to 9. Removal of dyes by St-PANI/Fe3O4 composite might be mostly
due to the H- bonding interactions of dye molecules with polymer components. At acidic medium, the
amino groups of PANI molecules were easily protonated to produce –NH3+ groups led to the enhancement
of electrostatic attraction between negatively charged dye anions and positively charged adsorption sites.
This enhancement facilitates the adsorption of dye onto composite surfaces. A similar result was observed
with the adsorption of Crystal violet and Rhodamine B dyes.19

Fig.-5: TEM image of (a) Fe3O4 nanoparticles and (b) SEM micrograph of starch-PANI/Fe3O4 composite
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Fig.-6: Effect of St-PANI/Fe3O4 ratio to the adsorption yields.

Effect of Dye Structure
It has been published that the absorption capacity of St-PANI/Fe3O4 composite was affected by different
dye structures. The efficiency of St-PANI/Fe3O4 composite was assessed for dye bath containing RR198
and MB at the same conditions. The obtained results indicate that the adsorption yields of St-PANI/Fe3O4
composite for RR198 and MB were 92 and 2.1%, respectively. This phenomenon could be due to the
difference in the structure of the adsorbates. RR198 is an anionic dye, MB is a cationic dye, while the
surface charge of St-PANI/Fe3O4 composite is positive (Fig.-10).
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Fig.-7: Adsorption yield of various dyes onto prepared composite at different amount of adsorbents (initial
concentration of RY160: 50 ppm; solution volume: 50 mL).
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Fig.-8: Adsorption kinetics of dyes at various initial concentrations and contact times (50 mL of 50 ppm dye and
0.1g adsorbent) (a) RY160; (b) RB198 and (c) RR198.
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Fig.-10: Effect of dye structures on the adsorption capacity (50 mL of 50 ppm dye, 0.1g adsorbent and 30 min).
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CONCLUSION
In this present study, we have successfully prepared starch-PANI composite with magnetic core for removal
of various reactive dyes in an aqueous solution. The composite characterization was measured by FT-IR,
SEM, TEM, VSM and TGA techniques. These results show that St-PANI/Fe3O4 composite exhibited high
removal yield for RB198, RR98 and RY160 in an aqueous solution. The removal capacity of the absorbents
increases with increasing the adsorbent dosage and contact time but decreased with increasing pH medium.
Additionally, the composite exhibited a high magnetization, which can help to separate the absorbents
easily from the aqueous medium after using an external magnet.
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