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Research shows that the composite material is used as an adsorbent to remove pollutants from wastewater. This work is aimed at
producing a novel composite film comprising chitosan, polyvinyl alcohol, and cornstarch incorporating nanocellulose (CPCN).
The composite film was prepared by a blending method wherein nanocellulose was extracted using a chemical method from
banana bract. The prepared CPCN was characterized using Fourier-transform infrared spectroscopy (FTIR) and scanning
electron microscopy (SEM) with EDX to understand their molecular interaction and surface morphology, respectively. The
effect of parameters including pH, adsorbent dosage, initial dye concentration, and contact time on the adsorption of
methylene blue (MB) dye was studied. The maximum adsorption was found to be up to 63.13 mg/gMB with a pH of 10,
adsorbent dosage of 2g, an initial concentration of 150 ppm, and contact time of 120min at room temperature (25°C)
indicating a moderate adsorption capacity of the CPCN. Comparing the Langmuir and Freundlich adsorption isotherm
models, the former fitted well with MB dye adsorption data, implying that the models can be applied to uptake MB dye by
CPCN. In the kinetic adsorption experiment, the adsorbed dye almost reached equilibrium at about 120 min for the CPCN and
followed the pseudo-second-order kinetic model. Therefore, the CPCN can be used as a potential adsorbent in wastewater

treatment.

1. Introduction

Recently, the highly polluting nature of conventional plastic
films compelled scientists to consider the development of novel
edible composite films [1]. The capacity of biopolymer-based
conductive polymer composites (CPCs) to increase the shelf
life or enhance the safety of food would open up numerous
opportunities for active packaging in the food packaging
industry [2, 3]. In addition, these kinds of materials can also
be used as adsorbents in biological applications such as bio-
sensors [4], drug delivery systems, neural electrodes, and
bioactuators [5], as well as in wastewater treatment [6, 7],
and water quality measurement [8]. Chitosan is a type of chi-
tin that occurs naturally in the exoskeletons of crustaceans and
contains a few acetyl groups. It is the second most abundant
natural biopolymer by volume. Chitosan is a great film-
forming material with outstanding gas permeability and cov-

ered mechanical properties, as well as being biodegradable,
nontoxic, and exhibiting significant antibacterial and antifun-
gal activity and low oxygen and carbon dioxide permeability
[9-11]. The PVA is a biopolymer with unique qualities such
as excellent moisture absorption, fiber formability, biocompat-
ibility, chemical tolerance, biodegradability, and swelling prop-
erties. It is a copolymer of vinyl alcohol and vinyl acetate [12].
Cornstarch, a natural, affordable, and biodegradable polymer,
has long been used as a substitute for synthetic polymers gen-
erated from petroleum [13]. It is derived from the endosperm
of the kernel and typically consists of 27% amylose and 73%
amylopectin.

On the other hand, nanomaterial attained from plant
resources with various application forecasts has attracted
significant attention. Nanocellulose is the natural fiber
extracted from cellulose, the main structural component of
plant cell walls. This material (nanocellulose) shows promise
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as a novel category of reinforcing filler in the field of com-
posite materials. It is also gleaming, conducts electricity,
and is more durable than steel [14-17]. Banana bract (BB)
is available in agricultural residues worldwide for the source
of cellulose with a nanostructure and has been used in differ-
ent applications. As a source of nanocellulose, it is attracting
attention in degradable antimicrobial composite films prep-
arations for food packaging, as an adsorbent for wastewater
purification, and other applications. Over the last few
decades, research into the production of biodegradable
composite materials from renewable sources has increased
interest in biocomposites made from various natural fibers.
BB is a fiber extracted from the banana inflorescence, a
lustrously colored, spirally arranged, boat-shaped spathe.
It is consists of cellulose 56.48%, hemicellulose 14.03%,
ash 1.3%, and other components 28.44% [18]. The cellu-
lose from BBs can be easily obtained by bleaching and
alkali treatment, along with nanocellulose obtained from
acid hydrolysis of cellulose.

The composite film can be produced by physical blend-
ing and chemical cross-linking of different polymers. The
later polymer blending is an effective method to bestow the
desired novel composite films [19]. The composite product
of synthetic polymers and biopolymers to attain the desired
properties has become of utmost interest to researchers. Sev-
eral studies have been performed to produce composite films
for various applications. Noorbakhsh-Soltani et al. [20]
(2018) present the gelatin- and starch-based nanocomposite
film incorporating nanocellulose. Another composite film
was prepared with chitosan/cellulose acetate phthalate incor-
porated with ZnO nanoparticles [21]. Zhou et al. [22] (2021)
produced a sustainable composite film with corn starch/
cellulose nanofibrils that were incorporated into biode-
gradable polyvinyl alcohol through melt processing. This
study presents the preparation of chitosan/PVA/cornstarch/
nanocellulosic novel composite films. So far, we know, in
the literature, there is no same combination of polymers
to produce the composite film. In contrast, this study pro-
poses an alternative method to remove methylene blue dye
by CPCN from industrial wastewater. The surface morphol-
ogy and molecular interaction of CPCN were investigated
by scanning electron microscopy (SEM) and Fourier-
transform infrared spectroscopy (FTIR), respectively. From
the moderate capacity of CPCN to remove MB, it can be pro-
posed as a potential absorbent to remove organic dyes from
industrial wastewater.

2. Materials and Methods

2.1. Materials. Raw banana bract was collected from the local
area of Jashore, Bangladesh. Sisco Research Laboratories
Pvt Ltd., India, has supplied chitosan with a degree of
deacetylation of 90%. Food grade cornstarch (CS) was pur-
chased from Yong Wen Holdings SDN BHD, Malaysia, and
polyvinyl alcohol (PVA) was purchased from the Laboratory
of Advanced Technology Innovation, USA. Sodium hydrox-
ide, sodium chloride, and sulfuric acid were procured from
Merck, Germany. All chemicals were of analytical grade
and used as received.
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FiGure 2: FTIR spectra of CPCN film (a) before and (b) after
adsorption.

2.2. Preparation of Cellulose and Nanocellulose. Raw banana
bract was washed, dried, ground, and stored as powder form
in an air-tight bag. Cellulose was extracted from banana
bracts via delignification with sodium hydroxide, followed
by bleaching with sodium chlorite. The cellulose was then
hydrolyzed by sulfuric acid to prepare nanocellulose. The
addition of distilled water stopped the hydrolysis reaction.
The nanocellulose suspension was washed several times with
distilled water, followed by centrifugation until neutral pH.
Finally, the nanocellulose suspension was kept in a sealed
glass vial in the refrigerator.

2.3. Preparation of Composite Films. Firstly, 2 g of chitosan
was dissolved in 100ml aqueous solution of acetic acid
(2%, g/v), and 0.5% glycerol (g/v) was also added to the
solution as a plasticizer. PVA and cornstarch solutions were
prepared separately by dissolving 4 g of PVA/cornstarch in
100ml of distilled water. The sonication of the solution
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FIGURE 3: SEM image of the prepared CPCN composite film (a) before and (b) after adsorption.

was performed for 30 min to remove bubbles. Chitosan/
cornstarch/PVA composite films were prepared by blending
them at a volume ratio of 80:80:40 with incorporating 2 g
nanocellulose. The mixture was continuously stirred for
20 min at 30°C to get a homogenous mixture. Then, the pre-
pared mixture was poured into a silicon cloth-covered glass
plate (9” x6") and dried at 40°C until dry. After complete
drying, the film was cooled at room temperature and
removed from the plate. The physical view of the novel com-
posite film preparation is shown in Figure 1.

2.4. Apparatus. UV-Vis spectrophotometer (model: GENESYS™
150, supplied by Thermo Fisher Scientific, USA) to measure
the concentration of dye, Fourier-transform infrared spectro-
photometer (FTIR) (model: AIM-8800, supplied by SHI-
MADZU, Japan), and scanning electron microscopy (SEM)
(model: JSM-6490, JEOL, Japan) were employed for sample
characterization to understand the molecular interaction
and surface morphology of them.

2.5. Determination of Methylene Blue Dye Adsorption. The
batch adsorption experiments of MB on the composite film
of CPCN were studied to measure the effect of pH, initial
dye concentration, adsorbent dose, and time using a UV-
visible spectrophotometer. A stock solution of methylene
blue of 100 ppm was prepared and more diluted to the cho-
sen concentration. For the individual experiment, in a 30 ml
MB dye solution, a known amount of the adsorbent (films)
was taken. The dye concentration in the solution was expe-
rienced using a UV spectrophotometer at 665 nm. After each
experiment was done under similar conditions, the average
values were calculated. The absorption capacity of CPCN
was determined for methylene blue adsorption as follows
[23-27]:

L(C - G)

=

Dye absorption capacity =

where L is the volume of the dye solution in liter, M is the
weight of CPCN in g, C, is the concentration of dye solution

before adsorption, and C, is the concentration of dye solu-
tion after adsorption.

3. Results and Discussions

3.1. FTIR Analysis. According to Figures 2(a) and 2(b), a
strong band before adsorption appeared at 3391cm’
(became more potent due to the addition of nanocellulose),
and 3306 cm™ appeared after adsorption indicates ~-OH or
N-H stretching. The peak at 2925cm™" before and after
adsorption resembled the C-H stretching. Physical blends
vs. chemical interactions are accompanied by variations in
typical spectrum peaks when two or more substances are
mingled. The peak belonging to the -OH group, which
overlays the NH stretching in the same region, becomes
extensive and shifts to lower bands when the chitosan
concentration is more excellent annual, suggesting that the
chitosan addition reduces the hydrogen bonding interaction
in PVA film [9]. The peak located at 1540 cm™ was the indi-
cation of NH bending (amide II). The peak located at
1653cm™ due to the C=0 (amide I) when NC added to
the film. The peaks at 2924 cm™" and 847 cm™' show the pres-
ence of C-H symmetrical stretching and the C-N bending of
MB. The extra band at 572cm™ could be due to adsorbent/
adsorbate interaction, confirming the cationic MB dye
adsorption on the surface of the adsorbent [28].

3.2. SEM Analysis. The morphology of the prepared com-
posite film was observed by SEM as exhibited in Figure 3.
All these composite films exhibited dense and nonporous
structures that are similar phenomena to PVA-based films
in other works. From Figure 3(a), there was the presence
of some wrinkles and fibers on the surface of CPCN film,
which broke the original tight and orderly structure of the
composite films. A parallel phenomenon originated in the
study of reviews on the properties and challenges of cellulose
nanocrystals and related nanocomposites [29]. Therefore,
the interaction between nanocellulose and polymers might
make a stable phenomenon of CPCN film. On the other
hand, Figure 3(b) shows the morphology after MB adsorp-
tion by the prepared composite film. The CPCN film with



50 °

40 - [ J [ ]
30 4
20 - /

10 + i

Adsorption capacity of MB (mg/g)

12 14
pH

Fi1GUREe 4: Effect of pH on removal of MB (adsorbent dosage 2 g,
initial concentration 100 ppm, and contact time 60 min).

60

50

o

Adsorption capacity of MB (mg/g)

20 b
\.
10
0 T T T T T T T T T T T
0.5 1.0 15 2.0 2.5 3.0 35

Adsorbent dosage (g)

Ficure 5: Effect of adsorbent dosage on removal of MB (pH 10,
initial concentration 100 ppm, and contact time 60 min).

adsorbed MB dye exhibits a cylindrical rod-like shape with a
slightly rough surface, associated with heterogeneous pore
distribution through its matrix, meaning MB is adsorbed
on the surface. The EDX analysis results further proved
MB dye adsorption on the surface of CPCN-prepared com-
posite film. The increased amount of sulfur, sodium, and
chlorine in the prepared CPCN composite film after adsorp-
tion showed owing to the MB adsorption onto the adsorbent
surface.

3.3. Effect of pH. The pH of the solution has essential effects
on the adsorbent as the stability of the dyed surface. The
effect of solution pH on methylene blue removal is presented
in Figure 4. The adsorbent (composite film) used in this
study has shown high dye removal ability in the solution
pH at 10. At this pH, the prepared CPCN composite film

Advances in Polymer Technology
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showed the highest removal amount of dye at 48.90 mg/g.
A similar influence of pH on methylene blue adsorption
onto activated carbon/cellulose biocomposite films was stud-
ied in the open literature [30]. In an acidic environment, the
positively charged surface of the adsorbent produces a repul-
sive force between cationic methylene blue and the positively
charged surface of the adsorbent. The adsorbent becomes
negatively charged in the alkaline pH value as MB cation
effectively adsorbed onto the adsorbent surface. This result
was in agreement with the study reported by Salama et al.
[31] on the removal of MB on oxidized cellulose-reinforced
silica gel.
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FIGURE 8: Adsorption isotherm models: (a) Langmuir and (b) Freundlich.

3.4. Effect of Adsorbent Dosage. The adsorption of MB on
CPCN composite film was investigated by varying the
amount from 1 to 3 g of adsorbent dosage in the test solution
while maintaining the initial MB concentration of 100 ppm
and pH 10 at contact periods of 60min. According to
Figure 5, with increasing adsorbent dosage from 1 to 3g,
the MB adsorption capacity decreased from 41.46 to
17.03 mg/g. As the adsorbent dose of 2 g, the highest amount
54.7mg MB was removed by CPCN film. At a low level of
adsorbent dosage, the adsorption sites were fully available
for MB adsorption, resulting in a higher capacity. When
the adsorbent dose increases, the particles agglomerate,
affecting the surface area. As a result, active adsorbent sites
become saturated, triggering a low adsorption capacity of a
high adsorbent dose composite [32].

3.5. Effect of Initial Dye Concentration. The initial dye con-
centration significantly impacts the proportion of dye
removal. Based on the linear relationship between dye con-
centration and accessible binding sites on an adsorbent sur-
face, the initial dye concentration factor has an influence.
The effect of initial dye concentration on adsorption capa-
bility was investigated in the range of 20 to 250 ppm at
pH 10, adsorbent dosage 2 g, and contact time 60 min that
is shown in Figure 6. At 150 ppm, the prepared CPCN
composite film gave the highest adsorption capacity of
51.75mg/g. Then, it decreases slightly when the concentra-
tion increases because, firstly, more dye can bind on the
usable adsorbent surface, and then, the saturation of the
surface active site makes it constant. Initially, as the dye
concentration rises, the driving force for mass transfer rises,
resulting in increased MB adsorption. Increased MB con-
centration results in more dye molecules, resulting in a lon-
ger contact time between the active site over the adsorbent
and the adsorbate, resulting in saturation and a reduction in
adsorption capacity [33].

TaBLE 1: Isotherm parameters for methylene blue adsorption onto
the prepared CPCN composite film.

Model Parameters

9oy (mg/g) K, /mg) Ky (Umg) n R?
Langmuir 63.13 0.055 0.995
Freundlich 15.78 391 0976

3.6. Effect of Contact Time. The relationship between MB
removal and contact time has been investigated in this study.
Figure 7 shows the adsorption capacity of MB concerning
different contact times of 30 to 180 min at pH 10, an adsor-
bent dosage of 2g, and an initial dye concentration of
150 ppm. As the time increases, more dye is adsorbed until
a saturation point. The adsorption capacity increases from
31.34 to 57.44mg/g with increasing initial concentration
(20 to 200 ppm) of MB at a contact time 120 min. Increasing
initial concentration of MB leads to the construction of sor-
bate-sorbate associations that provides the driving force to
overcome the resistance to the mass transfer owing to
increased adsorption. The MB removal capacity was highest
at about 57.44 mg/g at 150 ppm with 120 min contact time.
An optimum contact time to occupy the active site over
the adsorbent and adsorbate led to saturation; hence, the
adsorption capacity will not increase [34].

3.7. Adsorption Isotherm. The CPCN composite film adsorp-
tion properties were investigated by submerging the sample
in MB at different concentrations from 20 to 250 mg/l at
pH 10 for 120 min with a 2 g adsorbent dosage. The Lang-
muir isotherm model describes the information for the
adsorption of MB dye onto the surface of composite films
adsorbent homogeneously, and the dye molecule formed a
monolayer at the adsorption sites. The Freundlich isotherm
model predicts that nonideal multilayer adsorption occurs
on the adsorbent’s uneven surface and that the adsorbent’s
surface is heterogeneous. The Langmuir and Freundlich
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models were applied to explain the equilibrium adsorption
isotherm. Since this information can connect the adsorbate
and absorbent, the surface and adsorbate might adhere via
chemisorption or physisorption. The linearized form of the
Langmuir isotherm Equation (2) and Freundlich isotherm
Equation (3) can be given by the following equation [35].

1 1
B L —
q. Imax Kquax Ce

(2)

where g, is the amount of adsorbate adsorbed per unit
weight of adsorbent at equilibrium (mg/g), C, indicates the
dye concentration in the equilibrium solution (mg/l), q,...
is the maximum adsorption capacity, and K, is the adsorp-
tion equilibrium constant (I/mg).

The Freundlich isotherm can be expressed as follows:

1
log g, =log K + - log C,, (3)

where K, is the affinity of the adsorbate towards the adsor-
bent (I/mg) and 1/n is the adsorption intensity or surface
heterogeneity.

Figure 8 shows the linearized Langmuir and Freundlich
isotherm plots. The calculated values of the parameters and
the coefficient of determination (R?) of these isothermal
adsorption models are listed in Table 1. The analyzed results
showed that the higher R* value indicates the Langmuir
model was better fitted than the Freundlich model for MB
dye adsorption by CPCN composite film, specifying that
the adsorption behavior was better described by the Lang-
muir isotherm. Hence, the methylene blue molecules were
adsorbed on the film surface as monolayer adsorption and
give an adsorption capacity around 63.13mg/g. Similar
results of the correlation coefficient of adsorption isotherms
were observed [12].

3.8. Adsorption Kinetics. The study of kinetics was a benefi-
cial tool to inspect the adsorption rate and provide the sorp-

tion mechanism. The adsorption kinetic phenomena of
cationic MB dye by the prepared CPCN composite film
adsorbent are presented in Figure 9. The experiment data
were plotted to fit the pseudo-first-order (PFO) and
pseudo-second-order (PSO) equations of kinetics which are
presented in the following manner, respectively [36-39].
The linear form of the first-order kinetic model is expressed
as follows.

ky
t, 4
2.303 )

Log(q, - q,) =Logq, -
where g, is the amount of dye adsorbed on the adsorbent at
equilibrium and ¢, is the amount of dye adsorbed on the
adsorbent at any time, k, = rate constant (min™"). g, and k,
can be obtained by the intercept and slope of the plot of
log (q,—¢q,) against t. In addition, the pseudo-second-
order kinetic equation is expressed as follows.

! 1 (5)
‘1; kzqg qe ’

where k, is the pseudo-second-order rate constant (min.g/
mg) and g, and g, represent the amount of dye adsorbed
(mg/g) at equilibrium and at time .

Figures 9(a) and 9(b) display the linearized graphs of
pseudo-first-order and pseudo-second-order kinetic models
from the experimental data, respectively. The kinetic param-
eters and the coefficient of determination (R?) of these
models are evaluated and listed in Table 2. From the result
of higher value of R% it is indicated that the pseudo-
second-order model was the best fit. A similar result was
previously reported for the adsorption of MB onto ACC bio-
composite films [30]. Therefore, the rate-controlling step in
the adsorption process was chemisorption, involving valence
forces through sharing or exchanging electrons between the
adsorbent and the adsorbate.
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TaBLE 2: Kinetic parameters for methylene blue adsorption onto CPCN composite film.
Parameters
Model
q. (mg/g) ki (/mg) q, (mg/g) ks R
Pseudo-first-order 263.0 0.05 0.843
Pseudo-second-order 85.47 1.44x1074 0.989
TaBLE 3: Adsorption capacity of various adsorbents to remove MB dye.
Adsorbent Adsorbate Adsorption capacity (mg/g) Reference
Film (activated carbon +cellulose) Methylene blue 103.66 [11]
NalO,- nanocellulose Methylene blue 90.91 (40]
SDBS-modified ZSM-5 Methylene blue 15.68 [41]
Biofilms from palm date Methylene blue 150.0 [42]
CPCN composite film Methylene blue 63.13 This study

Consequently, the prepared CPCN composite film could
be considered one of the biodegradable, nontoxic, and highly
efficient adsorbents for removing cationic MB dye. The com-
parative study of the present CPCN composite film with
others to remove MB dye from wastewater is shown in
Table 3.

4., Conclusion

The CPCN composite film was successfully prepared via a
blending method comprising chitosan, polyvinyl alcohol,
and cornstarch, incorporating nanocellulose to develop an
efficient adsorbent to remove methylene blue dye from
wastewater. The prepared adsorbents were characterized
using FTIR, SEM, and EDX characterization techniques
before and after adsorption to understand their molecular
interactions and surface morphology. The results of the
above analysis convey evidence of the successful production
of a composite film using chitosan, polyvinyl alcohol, and
cornstarch with nanocellulose. The effect of pH, initial con-
centration of MB dye, dosage, and contact time on adsorp-
tion capacity of MB dye were studied batchwise and found
a similar trend relating literature. For the maximum capacity
of MB dye of 63.13 mg/g, the optimum parameters are a pH
of 10, adsorbent dosage of 2 g, and initial dye concentration
of 150 ppm with 12 min contact time. The adsorption equi-
librium data were best fitted to the Langmuir isotherm
model, implying that the models can be applied to remove
MB dye of industrial wastewater by CPCN. The adsorption
kinetic data were best fitted by the pseudo-second-order
model for adsorption of MB using measured data by the pre-
pared CPCN composite film. The findings of this study will
help scale up the waste material (banana bracts) in the prep-
aration of low-cost composite film-type adsorbents for the
removal of organic dyes in the future.
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