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A  complex  Remazol  dye  effluent,  comprised  of Remazol  Brilliant  Blue  R, Remazol  Black,  Remazol  Violet,
Remazol  Orange,  sodium  chloride,  sodium  carbonate,  sodium  hydroxide,  and  acetic  acid,  was  decolorized
using polyaniline/extracellular  polymeric  substance  (Pn/EPS)  composite.  Scanning  electron  micrograph
showed  that  the  surface  of  the  composite  was  rough  with  granular  appearance,  providing  a  good  possibil-
ity  for  dyes  adsorption.  X-ray  diffractogram  (XRD)  of  the composite  showed  the  main  reflections  of  both
Pn and  EPSs  (2�  = 6.0, 20.1  and  26.2,  30.4, and  40.8).  Experiments  were  carried  out  as  a  function  of  contact
ye effluent
xtracellular polymeric substance
olyaniline
eactive dyes
astewater treatment

time,  pH,  and  adsorbent  dose.  Under  optimized  conditions,  the  maximum  percentage  removal  was found
to be  99.8%  for  the  complex  Remazol  effluent.  The  Freundlich  isotherm  model  and  pseudo  first-order
rate  expression  showed  satisfactory  fit  to the  equilibrium  biosorption  data  of  Pn/EPS  composite.  Fourier
transform  infrared  spectroscopy,  XRD,  and  desorption  studies  confirmed  the  involvement  of  aromatic,
amino,  hydroxyl,  and  carboxylic  groups  in dye  adsorption.  The  results  indicate  that  composite  is  suitable
as an  adsorbent  material  for the  enhanced  removal  of  dyes  from  complex  Remazol  effluent.
. Introduction

Reactive dyes are commonly used in textile industries to dye
ellulose fibers. These dyes are characterized by nitrogen to nitro-
en double bonds (N N azo bonds), and the color of the dyes is due
o the azo bond and associated chromophores. The chromophore
nd functional group bind the dye stuff to the cellulose fiber. The
eaction occurs by the formation of covalent bond, which is much
ore resistant to unusual conditions of use than the physicochem-

cal bond between other classes of dyes and cellulose fiber. The
eactive systems of these dyes react with ionized hydroxyl groups
n the cellulose fiber. However, hydroxyl ions present in the dye
ath can compete with the cellulose substrate, resulting in a per-
entage of hydrolyzed dyes which can no longer react with the

ellulose fiber. Thus, 10–50% of the initial dye load will be present
n the dye bath, giving rise to a highly colored effluent (Al-Degs,
l-Barghouthi, El-Sheikh, & Walter, 2008; Vijayaraghavan, Won,
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& Yun, 2009). Moreover, some of the reactive dyes are toxic and
pose a serious threat to aquatic biota and human beings. There-
fore, there is a considerable need to treat reactive dye effluents
before their discharge into receiving waters (Robinson, Chandran,
& Nigam, 2002).

Numerous studies proposed a variety of adsorbent materials for
the removal of reactive dyes from effluents (Elkady, Ibrahim, & El-
Latif, 2011; Gu, Song, Li, & Sui, 2011; Vijayaraghavan et al., 2009;
Xie, Zhao, & He, 2011). Among these, extracellular polymeric sub-
stances (EPSs), a biopolymer excreted by the microorganisms, have
been recently investigated as adsorbent for the removal of organic
and inorganic pollutants from aqueous solution (Jia et al., 2011;
Ozturk, Aslim, & Suludere, 2010; Zhang et al., 2009). The pres-
ence of multiple functional groups such as carboxyl, phosphoric,
sulfhydryl, phenolic, and hydroxyl groups have increased the appli-
cation of EPS in biosorption process (Sheng, Yu, & Li, 2010). Proteins,
lipids, carbohydrates, and nucleic acids in EPS all have the ability to
complex with the organic and inorganic pollutants (Zhang, Wang,
& Pan, 2006). Zhang et al. (2009) reported that the high-molecular
weight of EPS with more binding sites and van der Waals forces

together with its specific construct lead to excellent adsorption of
Basic Blue 54. EPS have higher binding capacity for toluidine blue
adsorption than fly ash because it has plenty of functional groups
(Sheng, Zhang, & Yu, 2008). Yin, Hu, and Xiong (2011) reported that

dx.doi.org/10.1016/j.carbpol.2012.01.045
http://www.sciencedirect.com/science/journal/01448617
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he EPS of Aspergillus fumigatus has effectively adsorbed Cu(II) and
d(II) ions from aqueous solution. However, high solubility nature
f the EPS has reduced the application of EPS in industrial scale
Sheng et al., 2008). Hence, a new approach is highly desirable to
xplore the EPS for adsorption process.

Polyaniline (Pn) is a conducting, semi-flexible rod polymer. The
nique electrical and electrochemical properties, ease to synthesis,
nvironmental stability, and simple doping/dedoping chemistry
ave increased the application of polymers in different scien-
ific fields (Clark & Maher, 2009; Huang, Ball, & Kaner, 1998).
ecently, Pn-based composites are used for the removal of organic
nd inorganic pollutants from aqueous solution. Alkyl-substituted
olyaniline/chitosan (Pn/Ch) composite had effectively adsorbed Cr
VI) from aqueous solution (Yavuz, Dincturk-Atalay, Uygun, Gode,

 Aslan, 2011). Polyaniline/iron oxide composite showed consider-
ble potential for the removal of anionic dye Amido Black 10B from
queous solution (Ahmad & Kumar, 2010). Hence, it is noteworthy
o make the composites of the two polymers EPS and Pn. However,
o our knowledge polyaniline/extracellular polymeric substance
Pn/EPS) has never been synthesized and used as an adsorbent
or dye removal. Hence, the objectives of the present study were
o (i) synthesize and characterize Pn/EPS composite, (ii) assess
he potential of the composite for the treatment of reactive dye
ffluents, (iii) evaluate the experimental variables affecting opti-
al  adsorption of dyes, and (iv) explore adsorption isotherms and

inetic models to identify the possible mechanism of the adsorption
rocess.

. Materials and methods

.1. Materials

Aniline was procured from Sigma–Aldrich (St. Louis, MO)  and
t was distilled before use. Ammonium peroxydisulfate (initia-
or), Reactive Blue, Reactive Orange, Reactive Violet, Reactive
lack, and all the auxiliary chemicals were also purchased from
igma–Aldrich.

.2. EPS preparation

The EPS was prepared according to Celik, Aslim, and Beyatli

2008).  In brief, Bacillus sp. was cultured in 3 L of Luria Bertani broth
or 2 days at 37 ◦C. After incubation, the cells were separated by
entrifugation at 10,000 rpm for 20 min. The resulting supernatants
ere precipitated overnight at 4 ◦C with six volumes of 95% ethanol.

recipitated EPS were recovered by centrifugation (12,000 rpm for
0 min  at 4 ◦C) and vacuum dried at −80 ◦C.

Fig. 1. Polymerization mechan
mers 88 (2012) 1002– 1008 1003

2.3. Synthesis of Pn/EPS composites

One gram of EPS was dissolved in 30 mL  of water and the solu-
tion was stirred for 5 min. To this, about 0.01 M of aniline monomer
in 1 M HCl was added, and the mixture was stirred thoroughly
using a magnetic stirrer to form a homogenous solution. Ammo-
nium peroxydisulfate in 1 M HCl was  added drop wise to the above
solution with constant stirring at ice. The molar ratio of oxidant to
monomer was  1:2. After complete addition of oxidant, the reac-
tion mixture was  stirred for 5 h and then kept in a refrigerator
overnight. After completion of the polymerization, the resulting
greenish-black product was collected by centrifuging and washing
with deionized water and methanol until the polymerization solu-
tion became colorless. The final precipitate was freeze-dried under
vacuum at −80 ◦C for 24 h and used for adsorption studies. Fig. 1
shows the general polymerization mechanism of Pn/EPS composite.

2.4. Characterization of Pn/EPS composite

Morphological features and surface characteristics of Pn/EPS
composite were obtained from scanning electron microscopy
(SEM) using a JEOL JSM-6400 microscope (Tokyo, Japan). The
Fourier transform infrared spectroscopy (FTIR) spectra of the
Pn/EPS composite before and after adsorption of dyes were
obtained on a Perkin-Elmer FTIR spectrophotometer (CA, USA) in
the diffuse reflectance mode at a resolution of 4 cm−1 in KBr pellets.
X-ray diffractograms (XRDs) were obtained using a Cu K� incident
beam (� = 0.1546 nm), monochromated by a nickel filtering wave
at a tube voltage of 40 kV and tube current of 30 mA.  Scanning was
done in the region of 2� from 3◦ to 80◦ at 0.04◦/min with a time
constant of 2 s.

2.5. Reactive dye effluent preparation

Synthetic dyeing effluent was prepared according to cotton dye-
ing procedure used at an integrated textile manufacturing plant
(Alaton, Balcioglu, & Bahnemann, 2002). The composition for the
effluents was considered according to the reactive dye stuff con-
tent and colors applied to the cotton fabrics in the dyeing stage.
The chemical components present in the dyeing effluent com-
prises of Remazol Brilliant Blue R (RBBR) (0.5 mM),  Remazol Black
(RB) (0.5 mM),  Remazol Violet (RV) (0.5 mM), Remazol Orange (RO)
(0.5 mM),  sodium chloride (710 mM),  sodium carbonate (122 mM),
sodium hydroxide (13 mM),  and acetic acid (13 mM).  The selected

reactive dyestuff had vinylsulfone anchor groups. In the presence of
alkali, the anchor vinylsulfone groups react with cellulosate anions
through the nucleophilic addition. Thus to ensure that all the chem-
icals in the dye stuffs were 100% hydrolyzed; the mixture was boiled

ism of Pn/EPS composite.
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ith all the auxiliary chemicals for 3 h, and allowed to cool for 12 h.
he composition of the reactive dye bath effluent was assumed to be
0% of the original dye stuff and 100% of all the auxiliary chemicals
resent in the exhausted dye-bath.

.6. Batch sorption study for dye removal

Batch adsorption experiments were carried out typically by
dding 0.3 g Pn/EPS composite with 100 mL  of dye effluent. If nec-
ssary, the pH of the solution was initially adjusted and controlled
sing 0.1 M NaOH or HCl. The flasks were stirred at a constant
peed of 150 rpm at 25 ± 2 ◦C in a rotary incubated shaker. After
he attainment of equilibrium, the supernatant was  separated by
entrifugation at 9000 rpm for 10 min, and the total dye concen-
ration was analyzed using a UV–vis spectrophotometer (UV-1800
himadzu, Japan) at the wavelength maxima of 575 nm,  after
ppropriate dilution.

To represent the dye removal in batch systems, two  param-
ters viz. percentage removal and extent of decolorization were
sed (Vijayaraghavan et al., 2009). The percentage removal can be
epresented as follows:

emoval (%) = (Absi − Absf )at 575 nm
(Absi)at 575 nm

× 100 (1)

he extent of decolorization, Q (L/g), can be calculated from:

 = V(Absi − Absf )
M

(2)

here V is the effluent volume (L) and M is the mass of the Pn/EPS
sed (g).

A modified form of the Freundlich model was used to describe
he isotherm data, which is a plot of the final absorbance versus the
xtent of decolorization, which can be represented as follows:

 = KF (Absf )1/n (3)

here KF is the Freundlich isotherm constant (L/g) and n is the
reundlich exponent.

The experimental kinetic data were described using the pseudo
rst-order kinetic equation, which can be represented in its non-

inear form as follows:

t = Qe(1 − exp(−k1t)) (4)

here Qe is the extent of decolorization at equilibrium (L/g), Qt is
he extent of decolorization at time t (L/g), and k1 is the first-order
quilibrium rate constant (1/min). All the model parameters were
valuated by nonlinear regression using the Sigma Plot (version 8.0,
PSS, USA) software. Duplicate experiments were carried out for all
he operating variables studied and only the average values were
onsidered. Blank experiments were carried out with dye effluent
olution (no adsorbent) concurrently to ensure that the sorption of
ye on the walls of flasks was negligible.

.7. Desorption study

The Pn/EPS composite, which were exposed to the dye efflu-
nt [RBBR (0.25 mM),  RB (0.25 mM),  RV (0.25 mM),  RO (0.25 mM),
odium chloride (355 mM),  sodium carbonate (61 mM),  sodium
ydroxide (6.5 mM),  and acetic acid (6.5 mM)]  at 25 ± 2 ◦C, was  sep-
rated from the solution by centrifugation (6000 rpm for 10 min)
nd washed several times with nanopure purified water (con-
uctivity = 18 ��/m, TOC < 3 ppb, Barnstead, Waltham, MA,  USA).

ater, Pn/EPS composite was dried completely and used for des-
rption experiments. The dye-loaded composites (0.3 g) were then
rought into contact with 0.01 M NaOH. The mixture was  agitated
n a rotary shaker (150 rpm) at 25 ◦C for 1 h. After desorption, the
Fig. 2. SEM micrograph of Pn/EPS composite. The surface of the composite was
rough and granular appearance.

supernatant was  centrifuged, with the remaining procedure being
the same as for the sorption experiments.

3. Results and discussion

3.1. Characterization of Pn/EPS composite

Typical SEM micrograph of Pn/EPS composite is presented in
Fig. 2, which shows that the particles are either circular or oval
in shape. The size of the particles varied from 90 to 120 nm and
mostly present in aggregates. The surface of the composite was
rough with granular appearance, providing a good possibility for
dyes to be trapped and adsorbed. FTIR analysis permits spectropho-
tometric observation of the Pn/EPS composite surface in the range
of 400–4000 cm−1 and possibly provides the information regarding
the functional groups present in the adsorbent. Thus, to investi-
gate the functional groups involved in the adsorption of dyes in
Pn/EPS composite, FT-IR analysis was  carried out, and the results
are presented in Fig. 3. The broad peak (3200–3231 cm−1) was
assigned to the stretching of the O H group because of inter-
and intra-molecular hydrogen bonding of polymeric compounds
(Naumann, Helm, & Labischinski, 1991). Peaks observed at 2933,
2571, and 1560 cm−1 are attributed to N H bending, while the band
at 1487 cm−1 is attributed to the C C aromatic ring stretching of the
benzenoid unit (Karthikeyan, Kumar, & Elango, 2011). Furthermore,
the spectrum showed the presence of prominent carboxyl (1297,
1242, and 1138 cm−1), aromatic (878 and 796 cm−1), and alkane
(743, 686, 593, and 504 cm−1) groups, which mostly come from the
sugars and amino acids present in the bacterial EPS (Xu et al., 2011).
X-ray powder diffraction is a rapid analytical technique to analyze
the nature of materials. The XRD profile of the Pn/EPS composite is
presented in Fig. 4. The composite exhibited characteristics peaks
for Pn (2�  = 20.1 and 26.2) and EPS (2�  = 6.0, 30.4, and 40.8), and the
intensity of the peaks indicate that the composite was partly crys-
talline and partly amorphous (Mishra, Kavita, & Jha, 2011; Pouget,
Jozefowicz, Epstein, Tang, & Macdiarmid, 1991).

3.2. Effect of adsorbent dosage

The effect of Pn/EPS composite concentration on the decol-
orization of the Remazol effluent at a contact time of 2 h was

studied by varying the adsorbent dosage from 0.2 to 0.5 g L−1

in effluent solution containing RBBR (0.25 mM), RB (0.25 mM),
RV (0.25 mM),  RO (0.25 mM), sodium chloride (355 mM),  sodium
carbonate (61 mM), sodium hydroxide (6.5 mM), and acetic acid
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6.5 mM).  Dye decolorization efficiency increased with increasing
n/EPS composite content (Fig. 5). Increased adsorbent concen-
ration implies a greater surface area of Pn/EPS composite and,
onsequently, a greater number of binding sites. However, the

−1
dsorbent doses 0.4 and 0.5 g L had not significantly increased
he decolorization efficiency and adsorption equilibrium rate. The
imited removal rate at high adsorbent dosage could be due to
he concentration gradient between the Pn/EPS composite and dye
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Fig. 5. Effect of adsorbent dosage on removal of dyes from complex Remazol efflu-
ent.

effluent. The optimum adsorbent dosage was found to be 0.3 g L−1

and used for the successive experiments. Similar results have been
reported for the adsorption of cationic dyes by kaolin (Nandi,
Goswami, & Purkait, 2009).

3.3. Effect of pH

The pH of the aqueous solution is recognized as one of the most
important parameter which affects the adsorption process. The
solution pH influences the surface charge of adsorbent material,
the degree of ionization processes of the dye molecules, and also
the effluent chemistry. In addition, it is directly related to competi-
tion ability of hydrogen ions with adsorbate ions to active sites on
the adsorbent surface. Thus, the effect of pH on the decolorization
of dye bath effluent was  evaluated at different pH conditions rang-
ing from 2 to 8, and the results are depicted in Fig. 6. It is evident
from the graph that the decolorization efficiency of Pn/EPS com-
posite was strongly pH dependent. The decolorization efficiency
increased notably with increasing the pH from 2 to 3 and reached
a maximum at pH 3. A further increase in the pH (4–8) had signifi-
cantly decreased the decolorization potential of Pn/EPS composite.
Higher adsorption rate at lower pH (2 and 3) was due to the proto-

nation of functional groups such as amino groups, which increases
the electrostatic interaction between the positively charged adsor-
bent surface and the negatively charged dye molecules. However,
limited adsorption at higher pH (4–8) was due to the presence of
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xcess OH− ions and deprotonation of functional groups, which
educes the interactions between the adsorbent and adsorbate.
he limited adsorption at pH 4–8 could be due to the formation
f hydrogen bond, by Van der Waals forces and ion exchange with
ther groups present in the Pn/EPS composite. Similar observation
as been reported for sorption of Malachite green onto degreased
offee bean (Baek, Ijagbemi, Se-Jin, & Kim, 2010).

.4. Effect of contact time

Contact time is an important factor which must be carefully
ptimized during effluent treatment. The influence of contact time
n the uptake of dyes from the effluent was investigated, and the
esults are presented in Fig. 6. The rapid decolorization rate was
bserved during the first 10 min, which gradually decreased with
apse of time until equilibrium (50 min). Further increase in con-
act time did not enhance the decolorization rate. The initial rapid
dsorption was due to the presence of large number of binding
ites onto the exterior surface of the Pn/EPS composite, and grad-
al occupancy of these sites reduced the adsorption rate and the
eaction becomes less efficient. At this point, the amount of dye
eing adsorbed onto the composite was in a state of dynamic equi-

ibrium with the amount of dye desorbed from the composite. The
ime required to attain this state of equilibrium was  termed as equi-
ibrium time, and the amount of dye adsorbed at the equilibrium
ime reflected the maximum adsorption capacity of the adsorbent
nder these particular conditions. Similar conclusions have been
roposed by Chowdhury, Mishra, Saha, and Kushwaha (2011) for
dsorption of Malachite Green by chemically modified rice husk.

.5. Adsorption models

In order to investigate the mechanism of adsorption process
nd its potential rate-controlling steps such as mass transfer and
hemical reaction, kinetic models were used for the experimental
ata. The kinetics of Remazol dye effluent onto Pn/EPS was ana-

yzed using the pseudo first-order kinetic equation. The curve as
redicted by pseudo first-order plot is shown in Fig. 7. Values of
e, k1, and R2 were calculated as 0.3577 L/g, 0.0522 min−1, and
.9794, respectively. The correlation coefficient was closer to unity,
nd the difference between the experimental Qe and calculated Qe

ere very less, indicating the better fit of pseudo first-order kinetic

odel.
Equilibrium data, commonly known as the adsorption isotherm,

re the fundamental requirements for the design of adsorption sys-
ems. The isotherm expresses the relation between the mass of the
Final absorbance

Fig. 8. Freundlich isotherm for the sorption of Remazol dyes on Pn/EPS composite.

dye adsorbed at a particular temperature, the pH, particle size, and
liquid phase on the dye concentration. The shape and parameters of
the isotherm provide the important information about the sorption
mechanisms, the surface properties of adsorbate, and affinity of the
dye molecules for adsorption (Annadurai, Ling, & Lee, 2008). Fig. 8
shows the adsorption isotherm, i.e., the extent of decolorization (Q)
against the final absorbance (Absf), at pH 3. To obtain the isotherm
points, the Remazol effluent was  diluted to different strengths.
The experimental isotherm followed the traditional trend, which
was  an increased extent of decolorization with increasing effluent
strength, reaching saturation at the higher effluent strength.

In order to investigate the biosorption isotherms, a modified
form of the Freundlich model was used. The Freundlich equation
is an empirical equation which suggests that adsorption energy
exponentially decreases on completion of the sorptional centers
of an adsorbent. In this study, the concentration term in the tra-
ditional Freundlich model (Freundlich, 1907) was replaced by an
absorbance term, which is indicative of the color. Very high cor-
relation coefficient (R2 > 0.988) was  obtained, indicating that the
isotherm obtained for the complex Remazol effluent followed the
Freundlich model. Fig. 8 shows the isotherm curve predicted by the
Freundlich model, which was  in good accord with the experimental
data. The KF and nF values were 0.4147 L/g and 0.0449, respectively.

3.6. FTIR and XRD studies

The FTIR spectra of dye-loaded Pn/EPS composite are shown in
Fig. 3. The differences in the spectra of the loaded Pn/EPS com-
posite are based on the changes in the nature of the surface like
participation of specific functional groups in adsorption interac-
tion and the ensuing chemical changes thereon. The peak observed
at 3251 cm−1 and disappearance of peak at 3200 cm−1 indicates
the participation of hydroxyl groups in adsorption reaction. The
major shift at peaks 2968, and 1586 cm−1, and disappearance of
peak at 2571 cm−1 indicates the involvement of amino groups in
adsorption reaction. Similarly, the disappearance of peaks at 1242,
796, 743, and 593 cm−1 and major shift at 638 cm−1 confirmed
the involvement of carboxylic, alkane, and aromatic groups in dye
removal. The results are consistent with previous studies reporting
the involvement of different functional groups for the adsorption of
dyes (Zhang et al., 2009). The XRD pattern of the dyes laden Pn/EPS
composite is presented in Fig. 4. The disappearance of several hal-

low peaks (2�  = 6.05, 17.8, 20.1, 23.5, 26.2, 30.4, and 40.8) and
presence of new well-defined peaks (2�  = 27.4, 31.8, 45.6, 56.6, 66.4
and 75.4) indicate that the amorphous nature of the polymer have
changed into crystalline nature. The results have further confirmed
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he chemisorption of dye molecules on the adsorbent. Similar con-
lusions have been proposed by Namasivayam and Kavitha (2006)
or dyes and phenol loaded coir pith carbon.

.7. Mechanism of dye adsorption

The major challenge in adsorption study is the elucidation of
dsorption mechanism. However, it depends on the chemical com-
osition of the adsorbent, the nature of the adsorbate, the solution
nvironment, and type of interactions between the adsorbent and
dsorbate (Salem, 2011). In the present study, the adsorption of
eactive dye molecules on the polymeric material was discussed in
he following steps:

In aqueous solution, the dye molecule dissolves and the sulfonate
group of the dye is dissociated and converted into dye anions:

DSO3Na
water−→ DSO3

− + Na+ (5)

Simultaneously, in the presence of H+, the amino groups
present in the cross-linked polymer were protonated as (NH3

+).
Migration of these reactive dye anions from solution to the sur-
face of the Pn/EPS matrix.
Dye anions are electrostatically attracted by the nitrogen moiety
present in the constituent polymer:

RNH3
+ + Dye-SO3

− → R-NH3
+ O3

−S-Dye (6)

Adsorption of the dye molecules on the free polymeric surface
occurs by chemisorption.

The results are consistent with the previous study by
arthikeyan et al. (2011) for the removal of fluoride ion from water
sing eco-friendly conducting biopolymer composites.

.8. Cycles of sorption and desorption

To investigate the possibility of reuse of Pn/EPS composite as
ell as to further understand the mechanism of adsorption, batch

equential sorption–desorption experiments were conducted for
ve cycles. The sorption experimental data revealed the fact that
trong acidic condition (pH 3) was necessary for binding the reac-
ive dye molecules onto the polymeric substances. Thus, it would be
ogical that the adsorbed dyes could be recovered under reversely
ondition, i.e., strongly basic. Therefore, 0.01 M NaOH was used as
luant for unbinding the molecules. The performance of the elu-
nt was satisfactory and the elution efficiency was greater than
4%. Under the more basic condition, the negatively charged sites

ncrease on the polymeric surface, and it acts as a driving force for
he elution of dye anions by electrostatic repulsion and is given by
he following equation:

-NH3
+ O3

−S-Dye + OH− → RNH2 + Dye-SO3
− + H2O (7)

n the series of sorption and desorption cycle, the loss in the sorp-
ion capacity was less than 5%. Hence, Pn/EPS composite can be
asily regenerated and reused for the practical purposes. Desorp-
ion of the dye molecules under alkaline pH has further confirmed
he ionic interactions between the dye molecules and Pn/EPS com-
osite.

. Conclusion
In this study, potential of the Pn/EPS composite for the treatment
f complex Remazol effluent was evaluated, and the observations
re summarized below:
mers 88 (2012) 1002– 1008 1007

• Characterization of Pn/EPS composite revealed that the polymer
contains the characteristic features of both Pn and EPS. The XRD
indicates that the composite was partly crystalline and amor-
phous.

• The Remazol effluent comprised of four reactive dyes, with excess
auxiliary chemicals, was  completely decolorized by Pn/EPS com-
posite within 60 min  (solution). The adsorption kinetics obeys the
pseudo first-order model and follows the Freundlich isotherm
model.

• The interaction between the dyes and the adsorbent was con-
firmed by FTIR spectroscopy. Amino, aromatic, hydroxyl, and
carboxylic groups were the main functional groups involved in
the ionic interaction between dye molecules and polymers. Des-
orption experiments have further confirmed the ionic interaction
between the adsorbent and adsorbate.

• The availability and simple methods for synthesis, comparatively
low cost, and relatively high dye removal capacity represent an
attractive option for the treatment of Remazol dye bearing indus-
trial effluents.
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