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INTRODUCTION

Industrial wastewater with organic pollutants has become
one of the most serious problems related to environment. One
conceivable treatment is to develop an effective and environ-
mental friendly material to degrade the organic pollutant. Polymer
metal oxide composite with a structural regularity and synthetic
stability may provide an important alternate to perform degra-
dation [1]. To combat this issue, advanced oxidation processes
(AOPs), where semiconductor photocatalysts are utilized, is
viewed as the best one among present different strategies. Nath
et al. [2] have developed green, sustainable environmentally
benign and industrially viable polymeric heterogeneous catalysts
for degradation of versatile wastewater organic contaminants.
Sani et al. [3] have synthesized polymer coated ZnO with chitosan
nanocatalyst using microwave hydrothermal method for the
removal of methylene blue dye from synthetic wastewater,
which showed a good adsorption ability as compared to ordi-
nary ZnO.

Mozafari & Chauhan [4] reported various synthetic routes
of polyaniline, functionalized polyaniline and its nanocom-

Synthesis and Characterization of Chitosan-Polyaniline-Manganese
Dioxide Nanocomposite for Removal of Methyl Orange Dye

B.R.S. RATHORE
1, , N.P.S. CHAUHAN

2, , M.K. RAWAL
3, S.C. AMETA

1 and R. AMETA
1,4,*,

1Department of Chemistry, PAHER University, Udaipur-313003, India
2Department of Chemistry, Faculty of Science, Bhupal Nobles’s University, Udaipur-313002, India
3Department of Chemistry, Vidya Bhawan Rural Institute, Udaipur-313002, India
4Department of Chemistry, J.R.N. Rajasthan Vidyapeeth (Deemed to be University), Udaipur-313001, India

*Corresponding author: E-mail: rakshit_ameta@yahoo.in

Received: 18 October 2020; Accepted: 30 January 2021; Published online: 16 February 2021; AJC-20267

An ecofriendly polymer composite based on chitosan, polyaniline and manganese dioxide has been prepared using batch adsorption
method and analyzed by Fourier transform infrared (FTIR), UV-vis, X-ray diffraction (XRD), scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). FTIR results suggested the presence of functional groups like hydroxyl and amino groups and
also shown a significant shift in IR bands in CS-PANI-MnO2 composite. The surface of composite was quite rough within the folds of pleated
regions as observed from the SEM and TEM morphologies. The prepared composite was also utilized as an adsorbent for the treatment of
methyl orange from the aqueous solution and achieved a reasonably good adsorption capacity of 96.2%. The biochemical oxygen demand
(BOD) and chemical oxygen demand (COD) tests also suggested their suitability for the adsorption of methyl orange dye.

Keywords: Polyaniline, Chitosan, MnO2, Nanocomposites, Adsorption, Dye degradation.

Asian Journal of Chemistry;   Vol. 33, No. 3 (2021), 671-676

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.

posites with chitosan and metal oxides. As the need to use green
chemistry routes is increasing, new environmentally friendly
catalytic processes are in demand. Chatterjee et al. [5] synthe-
sized PANI-SWCNT composites for the degradation of rose
Bengal and methyl orange dyes. Moreover, other dyes, viz.
Congo red, coomassie brilliant blue, remazol, brilliant blue R
and methylene blue from aqueous solution can be removed using
polyaniline/chitosan composite [6]. Gemeay et al. [7] studied
the degradation of acid blue 25 dye (AB-25) using polyaniline/
manganese dioxide (PANI/MnO2), whereas Zhong et al. [8]
developed an composite electrode where polyaniline (PANI)
was embeded into petaline NIO (niO@PANI-CF) and observed
that reactive brilliant red X-3B dye degration and COD extra-
ction effectiveness exceeded to 95.94 and 64.24% at 48 h,
respectively. Sultana et al. [9] prepared polyaniline grafted
chitosan copolymer via in situ polymerization of anilines using
ammonium persulfate as initiators while silver nanoparticles
were integrated into a polymer matrix by a chemical reduction
method.

Due to its high adsorption capacity and macromolecular
structure, chitosan when combined with high conductivity
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material PANI has proved to be a potential composite for the
removal of the dyes in aqueous solution efficiently. Mohammadi
et al. [10] developed a chitosan-polyaniline composite with a
reasonable antibacterial, mechanical and electrical property
in food packing materials, while some researchers also synthe-
sized polyaniline-chitosan composite films for biomedical
applications [11,12]. In extension of the better hybrid nano-
composite, the performance of chitosan and polyaniline depends
on the structural modification and surface chemistry by incorp-
orating nano-metal oxides. Vellakkat & Hundekkal [13] synthe-
sized a chitosan, polyaniline and Co3O4 based nanocomposite
using in situ chemical oxidation method for supercapacitor
electrode applications and degradation of methylene blue dye.
Similarly, polyaniline ZnO/chitosan nanocomposite was applied
for the degradation of reactive orange-blue or methylene blue
dye having a removal efficiency of 96 and 88.5%, respectively
[14]. Keeping in view of above these facts, in present work, a
novel nanocomposite based on chitosan, conducting PANI and
MnO2 has been synthesized and characterized by various tools
such as XRD, FT-IR, UV-VIS, SEM, TEM, etc. for removal
of methyl orange dye.

EXPERIMENTAL

Analytical grade chemicals were used throughout the
experiments. Chitosan (100%), ammonium persulfate (APS)
and methyl orange were purchased from Himedia, India while
aniline, manganese nitrate and oxalyl dihydrazide were pro-
cured from Merck, India. For the preparation of all the solutions,
double-distilled water was used.

Preparation of MnO2 nanopowder: Manganese nitrate
(as an oxidizing reagent) and oxalyl dihydrazide (as a reducing
agent) were mixed with minimum quantities in deionized water
with continuous stirring and then introduced into muffle furnace
at 400 ºC. In this redox mixture, initially, dehydration takes
place and then large amount of gases are evolved, which results
in the production of froth, forming black porous foam. This
foam was finally ground to obtain fine powder form of MnO2.

Preparation of chitosan-polyaniline (CS-PANI) com-
posites and chitosan-polyaniline-MnO2 (CS-PANI-MnO2)
nanocomposites: CS-PANI was synthesized by using batch
adsorption method as per reported [15] method. For CS-PANI-
MnO2, 5.0 g MnCl2 along with 1.0 g MnO2 was taken in 0.1 L
water and then added into polyaniline-chitosan composite,
dropwise along with the ammonium persulphate as an oxidant.
This mixture was heated to 70 ºC for 2 h and then cooled for
3 h in an ice bath.

Characterization: FT-IR spectrometer (Perkin Elmer,
USA) and UV VIS-NIR spectrohotometer Lambda 750 (Perkin
Elmer, USA), XRD pattern measurement (Table Top X-ray
Diffraction System, Rigaku Miniflex, USA), scanning electron
microscopy (SEM) using a JEOL JSM-6100 microscope (Tokyo,
Japan) and Transmission electron microscope-Tecnai 20
(Philips, Holland) were employed for study of structures and
topographical studies of the nanocomposite.

Adsorption experiments, photocatalytic degradation and
regeneration and recyclability studies of the synthesized CS-

PANI-MnO2 nanocomposite were preformed according to the
known procedure [15].

RESULTS AND DISCUSSION

FTIR spectra: The FTIR spectra of chitosan, PANI, MnO2,
CS-PANI and CS-PANI-MnO2 nanocomposite are shown in
Fig. 1. A band appeared at 3454 cm-1 due to the combined peak
of -OH and N-H stretching vibrations. A peak at 2923 cm-1

was attributed due to the symmetric -CH2- stretching vibration
of the pyranose ring [16]. A peak at 1156 cm-1 was attributed
to the structure of chitosan, while the sharp peak at 1384 cm-1

was assigned to -CH3 in alkyl substituted amide group [17-19].
The broad peaks at 1021 and 1098 cm-1 showed the C-O stret-
ching vibration in chitosan whereas the peaks at 1614.6 and
1531 cm-1 were attributed to -C=O and N-H stretching, respec-
tively. The absorption bands at 1138 cm-1 was attributed to the
counter symmetric stretching of C-O-C links and 1096 and
1025.4 cm-1 were assigned to the skeletal vibrations including
the C-O stretching. A characteristic band at 1583 cm-1 showed
nitrogen bond among benzenoid and quinoid rings [4,20]. The
band at 1668 cm-1 is related to C=C extending (phenyl ring).
The peak at 1305 cm-1 is attributed to C-N stretching of tertiary
aromatic amine, similarly a band at 815 cm-1 is expected to an
aromatic =C-H plane twisting. This shows great agreements
with the results reported by Chauhan et al. [21]. The broad
band at 3256 cm–1 is attributed to the stretching vibrations of
hydrogen bonded surface water molecule and hydroxyl groups
of the compound. Additionally, the bands at 1645 and 1386
cm–1 correspond to the existence of large numbers of residual
hydroxyl groups, which imply the O-H vibrating mode of traces
of adsorbed water [22].
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The band at 560 cm–1 can be attributed to the Mn-O vibrations
of MnO2 nanopowder [23,24]. For CS-PANI-MnO2, chitosan,
PANI and MnO2, IR range has been shifted, however every
group has somewhat changed and the quinoid band intensity
and the C-H twist mode have changed. The peaks for CS-PANI-
MnO2 composites were found at 3440, 2990.8, 1623, 1521,
1331, 1145 and 617 cm-1.

UV spectra: Chitosan gives an absorption spectrum which
is a characteristic for chitosan and shows no peaks at 350-800
nm. Pure PANI reported two bands in the spectrum of absor-
ption from 425 to 475 is attributed to π-π* transition of benze-
noid and 500 to 750 nm due to π-π* transition of quinoid [25].
PANI showed three peaks, first at ~210 nm due to π-π* tran-
sition, second at 430 nm and a broader peak in the range 595
to 750 nm. The electronic transition appears at 455 nm is attri-
buted to n-π* for nanocomposite. The shift to a higher wave-
length region suggests that the interaction between metal oxide
and PANI occurs through quinoid (require less energy than
benzenoid) [26] (Fig. 2). A broad peak in the range 600 to 750
nm might be due to the exciton like transition in quinoid units
[27,28].
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Fig. 2. UV-vis spectra of chitosan, PANI, CS-PANI and CS-PANI-MnO2

XRD analysis: The 2θ values in between 10º and 20º in
XRD pattern for chitosan, which is probably attributed to the
hydrogen bonding in between –OH and –NH2 groups. The
peaks at 2θ = 9.79º, 14.38º, 19.5º and 24.9º are the characteristic
of PANI [27]. The peaks at 9.9º, 19.2º and 25.3º are the
characteristic assignments of the PANI (Fig. 3).
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Fig. 3. XRD of chitosan, PANI, MnO2, CS-PANI and CS-PANI-MnO2

The peaks observed at 24º, 27º, 35º, 39º, 43º and 52º are
the characteristics peak of pure MnO2 nanoparticles. The peaks
corresponded to the (2 2 0), (3 1 0), (4 0 0), (3 3 0), (3 0 1) and
(4 1 1) of a tetragonal structure of pure MnO2 nanoparticles.
In present study, the Scherrer′s equation was used to calculate
the average particle size [29,30]. The average crystalline size
of MnO2 nanoparticle was found as 20 nm. The diffraction data
for both compounds are tabulated in Table-1, which are in good

TABLE-1 
XRD DATA CS-PANI COMPOSITE AND CS-PANI-MnO2 NANOCOMPOSITES 

CS-PANI composite CS-PANI-MnO2 nanocomposite 

Position [2θ] FWHM [2θ] d-spacing [Å] Relative 
intensity [%] Position [2θ] FWHM [2θ] d-spacing [Å] Relative 

intensity [%] 
11.7336 0.6691 7.54220 91.88 5.3389 0.6691 16.55303 7.87 
23.5509 0.4015 3.77769 66.64 12.0897 0.4015 7.32087 45.48 
26.7556 0.6691 3.33204 38.40 18.8480 0.8029 4.70833 38.66 
38.4996 0.2342 2.33839 100.00 26.7188 0.1338 3.33655 100.00 
44.6730 0.4015 2.02854 39.93 38.6897 0.2342 2.32733 16.03 
62.9418 0.8029 1.47670 15.26 – – – – 
65.1552 0.4015 1.43179 23.78 – – – – 
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agreement with the other diffractions peaks of chitosan, poly-
aniline and MnO2. Thus, the successful formations of nano-
composites of MnO2 and CS-PANI have been established by
XRD analysis.

Morphological studies: Figs. 4 and 5 show the SEM and
TEM images of the CS-PANI composites and CS-PANI-MnO2

nanocomposites, which confirm their diameters as 75.5 and
13.5 nm, respectively (Fig. 4a & c). Moreover, it has been
found that spherical agglomerated consistently packed particles
of diameter under 200 nm are shown at few regions. A uniform
morphology and substance homogeneity observed in this case
provides an edge over other synthetic routes for interfacial
polymerization.

Fig. 4. SEM of CS-PANI composite (a) and (b) and CS-PANI-MnO2

nanocomposite (c) and (d)

Fig. 5. TEM of CS-PANI composite (a) and (b) and CS-PANI-MnO2

nanocomposite (c) and (d)

Adsorption studies: The adsorption studies of methyl orange
dye on CS-PANI composite and CS-PANI-MnO2 nanocom-
posite at different initial concentration, pH and dosage of adsor-
ption were analyzed as a function of contact time to depict the
equilibrium time.

Maximum removal of the dye on to the nanocomposite
and composite at pH 3 was found to be 98 and 68.8%, respec-
tively (Fig. 6a). It may be attributed to the protonation of
functional group such as amino and hydroxyl group, which
increases the electrostatic interaction between the positively
charge adsorbent surface and negatively charge dye molecule.
However, at the low adsorption from pH 6 to 9 was due to the
presence of excess of OH– ions and deprotonation of the func-
tional group, which reduces the electrostatic interaction between
the adsorbent and adsorbate. A negative charged surface on
the adsorbent dose doesn’t favour the adsorption of anionic
dye molecule. Due to the electrostatic repulsion with pH more
than 9, the adsorption of dye increases again as depicted in
Fig. 6a. So, it is concluded from these results, that with the
introduction of MnO2 on to the CS-PANI composite availability
of active site is more for methyl orange dye because of the
larger surface area as compared with CS-PANI composite. Hence,
this form of hybrid material’s low cost and high extraction
rate made it a successful candidate to extract the dye from the
effluent.

Fig. 6b shows the time course of the adsorption equilibrium
for CS-PANI-MnO2 nanocomposite and Fig. 6c gives an idea
about the adsorption equilibrium of methyl orange on to CS-
PANI composite. The extraction of methyl orange was very fast
in the first 5 min and then declines gradually with time changes
up to equilibrium. The improvement in adsorption behaviour
in the initial state can be due to additional adsorption site present
on the surface of nanocomposite CS-PANI-MnO2. Then the
rate of adsorption decreases the amount of methyl orange colour
adsorbed onto the composite and the amount of colour adsorbed
from the composite is in dynamic equilibrium. The time required
to achieve this state of equilibrium was referred to as the equili-
brium time and the amount of dye adsorbed at the equilibrium
time represented the optimum adsorption capacity of the adsor-
bent under experimental conditions. The contact time expected
for the CS-PANI-MnO2 nanocomposite was about 45 min for
methyl orange equilibrium condition and about 50 min for
CS-PANI composite. The time required to attend the equilibrium
is almost the same as that reported by Kannusamy & Sivalingam
[31].

At lower concentration, dye solution 20 mg L-1 have the
removal efficiency about 94.1 and 81.6% for CS-PANI-MnO2

nanocomposite and CS-PANI composite, respectively (Fig. 6c-
d). The enhanced removal of methyl orange colour at the low
concentration could be attributed to a more rapid move-ment
of the dye in both sites; nanocomposite and composite at higher
concentration of dye (500 mg L-1). The removal rate was decre-
ased to 29.3 for CS-PANI-MnO2 nanocomposite and 20.5%
for CS-PANI composite (Fig. 6d-e).

Photocatalytic activity: A comparison of CS-PANI-
MnO2 nanocomposite and CS-PANI composite according to
their photocatalytic activity are shown in Fig. 7. Few sets of
experiment were performed. In first set, dye degradation in
UV light and without catalyst and the decolourization efficiency
was 2.5% after 1.5 h irradiation. The second set was performed
in dark condition in the presence of catalyst with dye sample
for both; nanocomposite and composite, the decolourization
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efficiency 69.9 and 27.6%, respectively. Such results in dark
are attributed to adsorption mechanism of catalyst. The third
set of experiment was performed in the presence of UV light
irradiation to observe interaction between dye and catalyst.
The results clearly showed that CS-PANI-MnO2 nanocomposite
can enhance the catalytic activity in presence of CS-PANI com-
posite for the degradation of the dye. Here, removal efficiency
was found to be 81 and 59.8%, respectively.
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COD and BOD removal: COD was estimated using
potassium dichromate method. A sample solution was refluxed
with known amount of K2Cr2O7 in H2SO4 medium and excess
of K2Cr2O7 was treated against ferrous ammonium sulphate.
The amount of K2Cr2O7 consumed is directly proportional to
the oxygen required to oxidize the oxidizable organic matter.

Increased contact time has resulted in an increase in the
efficiency of COD removal. Initial COD value was found to
be 340 mg L-1, which was reduced to 272 mg L-1 for CS-PANI
composite and 160 mg L-1 for CS-PANI-MnO2  nanocomposite.
The removal % of an initial dye concentration of 100 mg L-1

was found 50% for CS-PANI composite and 18% for CS-PANI-
MnO2 nanocomposite after 30 min. The removal % increases
with the increasing contact time (up to 30 min), which clearly
indicated that the nanocomposite has higher efficiency to
degrade dye molecule into small organic molecules.

Similarly, BOD experiments were performed at 27 ºC for
a three day of contact between the dye and synthesized nano-
composite (CS-PANI-MnO2 nanocomposite and CS-PANI
composite). The BOD for CS-PANI composite was found about
86 mg L-1, while using CS-PANI-MnO2 nanocomposite, BOD
reduces to 56 mg L-1. A reduction of BOD value also signifies
the importance of the catalytic degradation treatment in light.

Conclusion

The CS-PANI composite and CS-PANI-MnO2 nanocom-
posites were prepared and characterized using various techniques.
The adsorption studies of methyl orange dye on CS-PANI and
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CS-PANI-MnO2 nanocomposite composites were performed
and found that CS-PANI-MnO2 nanocomposite was more
efficient as compared to CS-PANI composite regarding removal
of the dye. The removal efficiency for CS-PANI-MnO2 and
CS-PANI was found as 94.1 and 81.6%, respectively. The CS-
PANI-MnO2 nanocomposite has reasonably good catalyst
compared to CS-PANI composite by photocatalytic degradation
of methyl blue dye. The results of BOD and COD also suggest
its suitability for removal of methyl orange dye.
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