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Abstract: Chitosan was grafted with polyorthoethylani-
line through oxidative polymerization using ammonium
persulfate as oxidant, resulting in the formation of a
biocomposite of chitosan-grafted-polyorthoethylaniline
(CH-g-POEA). The synthesized biocomposite (CH-g-POEA)
was characterized by FTIR, SEM, and TGA. Adsorption of
methyl orange (MO) dye by CH-g-POEA was studied,
wherein the Langmuir isotherm model with a R? of 0.9979
and adsorption capacity of 45.7 mg/g was evaluated.

Keywords: biopolymer, biocomposite, adsorption, chit-
osan, polyorthoethylaniline

1 Introduction

Biocomposites of synthetic and natural polymers have
gained much attention during the last decade due to
their versatile properties such as biocompatibility, bio-
degradability, and eco-friendly nature [1-3]. Biocompo-
sites have been employed to remove toxic contaminants
from polluted water [4-6]. Chitosan has unique char-
acteristics of being antifungal [7,8], antimicrobial [9],
and biodegradable properties [10]. Therefore, chitosan is
a preferred biomaterial for the fabrication of composites
with multipurpose applications in different aspects of life
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ranging from biomedicine to electronics [11]. Chitosan
grafted with various synthetic polymers showed good
adsorption ahility for different organic dyes and is used to
remove them from polluted water [12,13]. Composites of
conducting polymers grafted onto chitosan have been
reported to show a good pH sensing characteristic and are
used as sensors [14]. Khan and Dhayal prepared a hybrid
conducting film of chitosan-based material on an indium
tin oxide electrode with the help of electrochemical
polymerization that has potential application as biosensor
to detect ochratoxin-A [15]. A hybrid complex of chitosan
and polyaniline synthesized by the insertion of ZnCl,
increased the adsorption capability toward reactive dyes
[16]. Chitosan—polyaniline matrix and complexes have
also been reported to act as absorbent for the separation
of dye, lead and cadmium ions from water to reduce
water pollution [17,18].

In this work, a chitosan-based biocomposite has
been fabricated by grafting polyorthoethylaniline (CH-g-
POEA) on a chitosan backbone and is used as an
adsorbent for the dye. Adsorption kinetics and isotherms
have been studied. It was found that the biocomposite of
chitosan (CH-g-POEA) possesses the potential to adsorb
and remove the dye from polluted water showing to be a
good adsorbent.

2 Experimental section
2.1 Materials and methods

Chitosan (85% deacetylated) was purchased from Shanghai
Aladdin Bio-Chem Technology Co., Ltd, China. Monomer,
o-ethylaniline, methyl orange (MO), and oxidant, ammonium
persulfate, were purchased from Sigma-Aldrich Co. An
initiator, diaminodiphenylamine (DDPA), was supplied
by Tokyo Chemical Industry, Shanghai. Preparation of
reagents and washing of products were done in double
distilled water.
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2.2 Polymerization of o-ethylaniline

In the present experimental procedure, an amount
of 0.24mmol of o-ethylaniline was dissolved in 0.1M HCl
along with 0.01 mmol of DDPA and this solution was referred
to as A. The second solution, referred to as B, was made by
dissolving 0.24 mmol of APS in 0.1M HCL. This solution B
was poured and mixed in solution A by vigorous stirring.
Afterwards, the polymerization process continued for 2 h. The
resulting crude polymeric product obtained was washed
using water and then separation was done by centrifuga-
tion [19].

2.3 Preparation of chitosan-g-
polyorthoethylaniline

Chitosan-g-polyorthoethylaniline (CH-g-POEA) biocomposite
was synthesized by oxidative polymerization of chitosan and
o-ethylaniline monomer, in which an acidic solution of 0.1 M
HCI and 20% acetic acid was used to dissolve o-ethylaniline
and chitosan [20]. Solution A contained varying amounts of
chitosan (0.1, 0.5, and 1g) in a 20% acetic acid solution and
was stirred for 4h constantly. Solution B was prepared by
adding 12mL of 0.01 M o-ethylaniline and 7 mL of 0.0001 M
DDPA in 0.1 M HCL. Then, solution C was prepared by adding
4 g of APS in 0.1 M HCI (7 mL). After this, solutions A and B
were mixed with constant stirring of 15 min at 25°C. Finally,
solution C was added dropwise and the resulting reaction
mixture was stirred for 2h. A greenish color solution was
obtained, indicating the polymerization. After polymeriza-
tion, each composite polymer was washed by centrifugation
at 5,000 rpm for 5 min with water and then with methanol to
remove byproducts before finally drying in an oven at 60°C
for 90 min. CH-g-POEA samples were characterized by
different characterization methods such as UV-visible, FTIR,
TGA, and SEM analysis (Scheme 1).

2.4 Adsorption experiments

As a model pollutant dye, MO was used for the adsorp-
tion experiment and MO stock solution, 500 mg L™ of
MO, was made in double distilled water, which was then
diluted to prepare the working solution (2.5-30 mg/L).
For absorption maximum, the MO solutions were
scanned by UV-vis spectrophotometric analysis in the
range of 300-900 nm and the maximum absorbance
(Amax) Was found at 464 nm. The absorbance (A,,.x) of the
dye (MO) was observed at 464 nm. To study adsorption
kinetics, 30 mg/L of MO solution was added to 40 mg of
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Scheme 1: Proposed scheme for the synthesis of chitosan-based
CH-g-POEA.
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CH-POEA and stirred. Predefined amount (2mL) of the
mixture was taken after specific time period of 4 min and
centrifuged for 5min at 5,000 rpm and then the absor-
bance was analyzed at 464 nm. The amount of dye, MO,
in the supernatant solution was evaluated by UV-visible
spectroscopy. During the isotherm adsorption experi-
mental method, the contact time was fixed as 3 h and the
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Figure 1: FTIR spectra of chitosan (a), 1g CH-g-POEA (b), 0.5¢g
CH-g-POEA (c), and pure polyorthoethylaniline (d).
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Figure 2: SEM of (a) pure POEA, (b) 0.5 g chitosan/CH-POEA composite, and (c) 1g chitosan/CH-POEA.

amount of dye adsorbed onto CH-g-POEA biocomposite

was calculated by using equation (1):

_(C-CoV
m

% (1)
where g. shows the amount of MO adsorbed onto per
gram of CH-g-POEA biocomposite at equilibrium
(mgg™), Co and C, show the initial and equilibrium
concentrations of MO (mgL™), respectively, and V
indicates the volume of solution (L), while m is the
mass of CH-g-POEA added [21].

Ethical approval: The conducted research is not related
to either human or animal use.
3 Results and discussion

3.1 FTIR analysis

FTIR spectra of CH-g-POEA composites were recorded
and the functional group peaks positions have been

shown in Figure 1. The peaks of different compositions of
chitosan and polyorthoethylaniline, such as 0.1, 0.5, and
1g of chitosan, were observed. In Figure 1, the peaks at
830 cm™}, 1,0767%, and 3,371 represent the C-H bending,
C-O0 stretching, and N-H stretching, respectively. A peak
at 1,114 cm™ in the CH-g-POEA composite, showing
N=Q=N bonding, confirmed the reaction. No peak was
detected in the CH-POEA spectrum at 1,114 cm™’. In
addition, 1,497 and 1,595 cm™" showed stretching vibra-
tions of the benzenoid ring and the quinoid ring,
respectively. Moreover, peaks at 909 and 2,961 cm™ are
ascribed to C-H out-of-plane bending modes and C-H
stretching of the ethyl group [4,22-24].

3.2 SEM morphology

The SEM images of pure ethylaniline and CH-g-POEA
polymer composite are shown (Figure 2). The SEM image of
a 9.8 mm composite was captured at different magnifications
(x5,000, x4,000, x3,000). Figure 2(a) shows a porous
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Table 1: BET analysis of the CH-g-POEA

Sample BET surface Average pore
area (m2g™ diameter (A)
CH-g-POEA 46.9 35.1

structure and Figure 2(b) shows the micrograph of CH-
POEA (0.5gchitosan) that revealed the interaction of
chitosan and CH-POEA, and showed a compact structure.
In Figure 2(c), the image of (1gchitosan ratio) CH-POEA
composite also showed POEA grafting on chitosan back-
bone. The BET surface area was determined from the
nitrogen gas adsorption isotherm. According to the IUPAC
standards, the BET results revealed the mesoporous
structure of the sample. It also indicated that such porosity
has better interaction with the dye molecules. Therefore,
CH-g-POEA showed promising behavior toward efficient
adsorption of the dye molecules. The calculated values are
mentioned in Table 1.

3.3 TGA

Thermogravimetric study of the biocomposites of CH-g-
POEA showed softening at 41°C and continued until
194°C. It lost 10.4% of its weight because of the removal
of solvent and water contained between the polymeric
chains. CH-g-POEA showed better stability below 200°C
but above 210°C it started to degrade. Above 250°C, the
polymeric chain starts to degrade and continued up to
400°C. The CH-g-POEA composite (1 g ratio) TGA showed
an initial degradation temperature of (T;) 247°C, polymer
decomposition temperature of 267°C, and the maximum
polymer decomposition temperature of (T,) 329°C,
respectively. The residual weight (y.) of the polymer at
599.04°C was found to be 45.07%. A comparison
between changes in thermal resistance of CH-POEA
and chitosan illustrates that the chitosan composite has
more thermal resistance as a chitosan.

3.4 MO Adsorption on CH-g-POEA composite

Figure 4 illustrates the UV-visible spectra of increasing
concentrations of MO solution ranging from 1.25-30 mg/L.
The absorbance increases linearly by increasing the
concentration of standard MO aqueous solution. A
standard curve was plotted between the concentration
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Figure 3: TGA of CH-g-POEA and chitosan.

and absorbance of MO that showed a straight line with a
R?0f 0.9965, a slope of 28.41, and an intercept at 0.68814
(Figure 4c).

In the kinetic study of the MO adsorption on CH-g-
POEA composite, a graph of g./mgL™" vs time that
described the fast adsorption in the first several minutes
was plotted. Then the g, value increased slowly, until it
became saturated. The graph indicated a very fast MO
adsorption on polymer composite, which gradually
decreased, until almost the equilibrium was reached at
40 m.

For the study of kinetics, adsorption experiments were
carried out with different durations and fixed amount of
biocomposite CH-g-POEA. Graphs were plotted for the
pseudo-first-order and second-order kinetic studies. These
parameters of log(g. — at) and t/q; were plotted vs time to
apply the kinetic models of pseudo-first order and pseudo-
second order. The R? values, revealed by the graph, are
0.9347 and 0.99945, which were obtained for pseudo-first-
order and pseudo-second-order plots. The result obtained
justifies that the second-order kinetics fitted well to the
analyzed kinetic data of MO at room temperature for the
biocomposite (CH-g-POEA). The result is validated by
observing that the obtained value of g. for the second-
order kinetic model shows the closeness to the experi-
ments. Results revealed that the adsorption process
followed pseudo-second-order kinetics. Figure 4(c) shows
that in the first 50 min, the adsorption process is fast and
then continued to increase slowly. Figure 5(b) shows the
pseudo-second-order kinetic plot for the adsorption of CH-
g-POEA biocomposite according to the pseudo-second-
order equation:
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Figure 4: (a) UV-visible spectra of different concentrations (mg/L) of the MO solution, (b) linear fit, and (c) kinetics of MO adsorption on

CH-g-POEA.
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Figure 5: (a) Pseudo-first-order- and (b) pseudo-second-order kinetics for the uptake of MO by biocomposite.
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where g. and ¢, show the amounts (mgg™') of MO
adsorbed onto CH-g-POEA biocomposite at equilibrium
and at time t (min), respectively, while k, is the rate

constant (g mg ' min). Similarly, the plot of t/q. and t is
linear having a value of R? = 0.9991. This reveals that the
adsorption of the dye MO by CH-g-POEA biocomposite is
explained by the pseudo-second-order model.

The adsorption data were used to find out the
relationship between the adsorbed (q.) and aqueous
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Figure 6: Isotherm models for MO adsorption on CH-g-POEA: (a) Freundlich, (b) Temkin, and (c) Langmuir.

concentration (C.) of biocomposite by isotherm models,
i.e.,, Langmuir, Freundlich, and Temkin models. The
experimental equilibrium adsorption data were analyzed
by using the Langmuir equation and Temkin equation (3):

C 1

Ce
= + —
4 qmke

dm

3

%)

where ¢, shows the maximum monomolecular adsorption
capacity (mgg™) and k; the Langmuir constant (L mg ™).

The resultant correlation values R* for Freundlich and
Temkin isotherm models were 0.8033 and 0.8748. It showed
that the MO adsorption did not follow the Freundlich and
Temkin isotherm assumptions. The correlation value of R
for the Langmuir model was 0.9979 with adsorption
capacity of 45.7mg/g. It proved that the adsorption of the
MO dye followed the Langmuir modelassumptions.

The Freundlich isotherm is a model that was applic-
able for the low concentration range that does not show a
finite uptake capacity of the sorbent. The Temkin isotherm
explains the adsorbent—adsorbate interaction. It justifies
the adsorption mechanism by the uniform surface due to
the binding energies.

The Langmuir isotherm gives an explanation for the
uptake capability of the adsorbent at the equilibrium
position. The isotherm justifies that the adsorption
mechanism is restricted to a single layer, because the
available vacant sites were filled by the sorbed molecules
and were not able to exert further force of attraction. The
Langmuir isotherm clarifies that the uptake of dye
molecule takes place homogenously throughout the
monolayer adsorbent surface.

If the MO molecules are taken up independently on a
single type of binding site in such a way that the uptake of

log ge = log k¢ + 1/n log ce

the first dye molecule does not affect the sorption of the
next molecule, then the sorption process would follow the
Langmuir adsorption isotherm. Hence, the prepared
biocomposite CH-g-POEA followed the pseudo-second-
order kinetics for the MO adsorption, showing that the
adsorption was dependent upon the chemical interaction
between the adsorbate and the adsorbent. The adsorption
on the MO followed the Langmuir model of adsorption
isotherm and CH-g-POEA showed a better adsorption than
many previously reported adsorbents such as modified
sporopollenin, activated carbon, orange peel, banana
peel, and POC microsphere [25-27].

4 Conclusion

Grafting of chitosan with polyorthoethylanline was carried
out via oxidative polymerization using ammonium per-
sulfate as oxidant and DDPA as initiator resulting in the
formation of biocomposite (CH-g-POEA). Grafted chitosan
(CH-g-POEA) was characterized by FTIR, SEM, and TGA.
Moreover, adsorption of MO by CH-g-POEA was evaluated
and it was revealed by the Langmuir isotherm model that
the adsorption capacity was 45.7 mg/g. In short, CH-g-
POEA biocomposite can be a cost-effective material for the
separation and removal of dyes MO from polluted
industrial effluents.
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