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Abstract— Plastic waste disposal has become a very
serious problem because of its high volume of solid waste
and takes a very long period of times to decompose
because it was made up from non-biodegradable synthetic
polymer. Blending of natural polymer and synthetic
polymer is one of the options to reduce the time of
decomposition. Various study of blending of chitosan with
PVA is conducted in the past to overcome this issue. It
shows that the blended film of chitosan and PVA have
good film forming properties. In this study, it covers the
effects of addition of PVP into those blended film. PVP is
synthetic polymer that also has good film forming
properties. Plastic film is prepared by using different ratio
of chitosan-PVA with addition of different concentration
of PVP solution. The plastic films were subject to
mechanical property testing using testing machine. It was
found that the addition of PVP does improve the
properties of the chitosan in terms of mechanical
properties. Swelling test and FTIR Analysis was
conducted to determine the chemical nature of film and to
determine the functional group of the plastic films. The
swelling test of plastic film was carried out to determine
the degree of swelling of the plastic polymers.
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. INTRODUCTION

The redundant of non-biodegradable plastic in
this world has grown concern from all sides. Most plastics
are derived from synthetic polymers such as polyethylene,
polypropylene, polystyrene, poly(vinyl chloride) and
poly(ethylene terephthalate) which are non-biodegradable
material. A very long period of time are require in order to
decompose this material; up to 1000 years or maybe more
has bring worry from all people as it involving
environmental concern and bring impact to health. Non-
biodegradable plastic also may produce toxic in content.

So, a solution must come in order to replace the non-
biodegradable plastics into plastics that are derived from
biodegradable polymers, which are environmentally

friendly and obtained from renewable resources to reduce
solid waste from petroleum-based packaging material.

Biodegradable polymer can reduce the environmental
pollution as it will reduce the amount of solid waste at the
landfill. Biodegradability is not only functional requirement
but also an important environmental attribute. So, the use
of natural polymer in manufacturing edible or
biodegradable material for packaging has greatly increased.
There three types of natural polymers which are
polynucleotide, polypeptides and polysaccharides. The
examples of natural polymer are protein, lipids, and
polysaccharides (cellulose, starch and chitin/ chitosan).

The blending of natural polymer with synthetic
polymer is one of the solutions to produce biodegradable
plastic film. A study conducted by the

Chitosan is types of polysaccharides that are very
useful in broad range of applications including medical,
pharmaceutical, chemical, agricultural and environmental
fields. This has grown a lot of interest in the development
of the characteristics of the chitosan. Chitosan is a natural
polymer that has unique properties which are
biodegradability, biocompatibility, non-toxicity and
antibacterial and hydropholicity.

The blending of natural polymer with synthetic
polymer occupies a special position in various applications
including packaging application. Polymer blending is one
of the most effective methods to have new material with
desired properties. The main purpose of blending the
polymers is to obtain materials of additional properties with
minimum  sacrifice to their original  properties
(Gaikwad,U.V. & Pande,.S.A.,2013).

Polyvinyl Alcohol (PVA) is nontoxic, water —soluble
synthetic polymer, which is widely used in polymer blends
because of its good physical and chemical properties and
excellent film forming characteristics and emulsifying
capability. The addition of cross linkers also has been
widely studied in improving the textural properties of the
film.

Polyvinylpyrolidone (PVP) which has good properties
such as good film formation, has good adhesiveness is
added to the plastic film. PVP is an excellent film-former
that forms stiff, transparent and shiny films. PVP has the
benefits in conjunction with other polymers to boost
performance.
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Il. METHODOLOGY

A. Materials

Chitosan in the form of powder, with medium
molecular weight, deacetylated chitin was obtained from
Agensi Nuklear Malaysia,Selangor, Poly( D-glucosamine).
Poly(vinyl alcohol), in the form of powder, 98 — 98.8%
hydrolyze with molecular weight of 146 000 — 186000).
Polyvinylpyrrolidone(molecular weight 40 000), 1.0 M
Acetic acid to dissolve chitosan.1.0 M Sodium Hydroxide
use to was away excess acetic acid in blended film.

B. Preparation of the Solutions

Chitosan solution was prepared by dissolving chitosan
in 1%(w/v) aqueous acetic acid. This is because chitosan is
not soluble in water, so acetic acid is use as a solvent to
dissolve chitosan. The solution is continuously stirred by
using magnetic stirrer at speed 2000 rpm at room
temperature for 48 h. Then, the chitosan solution was put
into centrifuge for 1 hr at 5000 rpm to remove any
impurities in the solution. Then, the solution was filtered by
Vacuum Pump Filter to remove any entrapped air. Then,
the PVA solution was prepared by diluting it in distilled
water. The PVA solution was stir at 2000 rpm at 50°C to
make sure that the PVA was dissolved completely in the
solution. The PVP solution was prepared by dissolved in
distilled water. The solution was swirled properly to make
sure that the PVP dissolved in distilled water. Different
concentration of PVP  solution was prepared.
1%(wiv),3%(w/v) and 5%(w/v) of PVP solution was
prepared.

C. Preparations of Chitosan/PVA Blended
Solutions

The method wuse in the preparation of the
chitosan/poly(vinyl alcohol)- polyvinylpyrrolidone blended
solution is casting method. Chitosan solution and PVA
solution are mix in various proportion. Continuous stirring
was performed by using magnetic stirrer for 30 min after
mixing both solutions. The composition of chitosan and
PVA (CS/PVA) were varied from 90/10 to 50/50 by
volume. Table 1 shows the designated compositions for the
solutions for the Chitosan/PVA blending.

Table 1: Composition of Chitosan/PVA Blending

Sample Chitosan ( %) PVA( %)
CS/PVA 90/10 90 10
CS/PVA 70/30 70 30
CS/PVA 50/50 50 50

D. Preparations of Blended Films

The preparation of the blended films was carried out
at various proportions. The chitosan and PVA solution was
mixed according to the ratio and stirred by using magnetic
stirrer for 30 min to make sure that the solution was fully
mixed Then, 10 ml of each of composition of chitosan and
PV A mixture are casting in petri dish by using syringe. The
thickness of the film was controlled by the volume of the
solution. Then, step followed by drying the plastic film at
room temperature for 48 h. Then, the dry film was
immersed with 25 ml of sodium hydroxide for 60 min in
the petri dish to remove excess acetic acid. Then, the film
was washed with distilled water to remove the sodium
hydroxide at the surface of the films. Then, PVP solution
was added to the CS/PVA films in the petri dish for 15
minutes. Then, the films were dry for 48h before it was
carefully peeled. Table 2 shows the designated
concentration of PVP solution added into CS/PVA films.

Table 2: Concentration of PVP solution added to the blended film

Ratio of Concentration of PVP,%
CS-PVA

9:1 Without PVP

5

73 Without PVP

5

5:5 Without PVP

1

E. FTIR Analysis

FTIR Analysis was conducted to determine the
chemical nature of film and to determine the functional
group of the plastic films.
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F. Thickness of the film

Film thickness was determined by using Mitutoyo
thickness gauge. Measurements of five different spots of
each film samples were taken and the average thickness of
the films is calculated and recorded.

G. Mechanical Testing

Tensile strength of the film was measured by using
Tinius Olsen H50KT Tensile Machine in accordance with
ASTM D882 method. The films were cut into 10 mm wide
and 60 mm long. The testing was done with speed at 3
mm/min and 2.5kN load. The average value is taken after
five specimens of each sample were tested. Gripping of the
films need to be carry out carefully to prevent any failure
and slipping of the films from the clamps.

H. Swelling Tests

The swelling test was performed to determine the
water uptake ability of the prepared films. Swelling test is
conducted to check whether the films retain the original
properties (Yaradoddi, 2016). Swelling test is performed by
immersed the films in distilled water at room temperature
for 13 h. Before that the weight of the film was measured
and recorded. Then, the excess water on the surface of the
films was removed by blotting the surface with tissue paper
and the weight of the films was recorded. The degree of the
swelling is determined by using the formula below

Wo—W;
2 X 100% 1)

Degree of swelling =

Where, W, = Weight of completely dries sample
W,= Weight of swelled sample

I1l. RESULTS AND DISCUSSION

A. Appearance of the films

Figure 1: Plastic Film

Figure 2 shows the plastic film made up from the
blending of chitosan with PVA and crosslink with PVP.
The appearance of the plastic films showed that there is
small bubbles appeared on the surface of the films. The
bubble formation is commonly known as blistering which
is a buckling phenomenon normally found in various film
deposition process (Kyeong et.al,2012). During the stirring
process by using magnetic stirrer, the bubble was started to
form and it was still existed even the blended solution was
poured into the petri dish. The formation of bubbles will
automatically affect the mechanical properties of the film
including affect the stability and cause to rupture (Kosior
et.al, 2013)

B. Tensile Strength Properties

Tensile strength is a material that can support a maximum
load without any fracture when being stretched. The tensile
strength of the plastic films is shown in Figure 2. With the
addition of PVP onto the Chitosan-PVA films, the tensile
strength of the film was observed. From the Figure 2, it
shows that the tensile strength is affected by the addition of
PVP solution. The tensile strength with the addition of PVP
solution increased as the concentration of PVP solution
increased compare to the blended films without the addition
of PVP solution. This shows the addition of PVP does help
increasing the tensile properties of the film. The increasing
of the tensile strength is due to the intermolecular
interaction and interfacial adhesion among the components
(Ravindra et.al, 2015) through hydrogen bonding. The
hydrogen bond between hydroxyl group (-OH) of PVA
with  (-NH,) of chitosan and carbonyl group (-C=0) of
PVP help in increasing the tensile strength of the films.
From figure 3, the tensile strength of ratio 7:3 of CS/PVA
with 5% PVP shows the highest tensile strength. This
shows that the plastic films made up ratio of chitosan:PVA
7:3 with addition of 5% PVP is toughest one compare to
the other plastic films.

Figure 3 also shows that increasing amount of chitosan
and decreasing amount of PV A increase the tensile strength
of the films. The study conducted by Esam et.al, 2010 and
Abraham, 2016, also shows the similar result. This is
because of the positively-charged polysaccharide chitosan
moved toward the negatively charge of the hydroxyl group
of the PVA which improved the tensile strength of the film.
This happens because of the occurrence of intermolecular
interactions with chitosan and PVA through hydrogen bond
formation (Abraham et.al, 2015).
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Figure 2: Tensile Strength of the Plastic Fil

C. Elongation at Break

Elongation at break or fracture strain showed the final
length of the specimen after breakage of the test specimen.
The elongation at break is determined with tensile strength.
From the Figure 4, it shows that as the concentration of
PVP solution increased, the elongation at break increased.
This indicates that the film with increasing amount of
PVP is tougher.

The graph also shows that the same ratio between
chitosan and PVA with increasing concentration of PVP is
higher compare to the other films. This also indicates that
the films are tougher compare to the films.

It also shows that as the amount of chitosan increased
in blending of CS/PVA, the elongation at break decreased.
It also shows that the addition of PP solution into the ratio
of 9:1 CS:PVA has low value of elongation at break. This
indicates that the film is brittle made it easy to degrade.

Elongation at Break
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Figure 3: Elongation at Break of Films
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Figure 4: Young Modulus of Plastic Films

D. Young Modulus

Young Modulus is calculated to describe the
elastic properties of the plastic film undergoing tension or
compression in only one direction. From Figure 4, it shows
that as the concentration of PVP solution is increasing, the
Young Modulus of plastic films increased. It also shows
that the as the amount of chitosan increased in the blending
solution, the Young Modulus also increased. According to
the Jason et.al, 2001, the values of the Young’s Modulus
are dependent to the value of tensile strength and
elongation at break. Young Modulus is an indicator of the
stiffness of the film. Figure 4 shows the Young Modulus of
the plastic films. The graph shows that as the concentration
of the PVP solution added to the blended films increased
the Young’s Modulus increase. It shows that addition of
PVP solution increase the ability of the plastic films to
withstand changes when under force.

E. Swelling Test

Based on the observation on the plastic film, the film
containing higher amount of PVP solution swell more
compare to the other film. Based on Figure 5, as the

concentration of PVP increase, the degree of swelling also
increased. This is because PVP is water soluble polymer. It
also shows that as the amount of chitosan decreased in the
blending film, the degree of swelling increased. This
happens because PVA is a water-soluble polymer and the
blending of chitosan with PVA tends to increase the water
uptake due to the increasing hydrophilics groups (-OH) in
the blends. The higher degree of the plastic film’s swelling
makes it easier to absorb water. Figure 5 show that ratio of
CS: PVA 5:5 with addition of 5% PVP solution has high
degree of swelling compare to the other plastic films. High
degree of swelling indicates that the films are low quality
material (Yaradoddi et. al,2016) . Since chitosan is not
soluble in water, the degree of swelling of plastic films
containing high amount of chitosan has low degree of
swelling. So, film containing higher amount of chitosan is
high quality plastic compare to other films.
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Figure 5: Degree of Swelling of Plastic Film

F. FTIR Analysis

The Chemical nature of the plastic film was
determined by using FTIR Analysis. Figure 6 shows the
peak in absorbance wavenumber for the plastic film 7:3
CS:PVA. Figure 7 shows the peak in absorbance
wavenumbers for the plastic film 7:3 CS:PVA 5%PVP.
This two figure was chose in order to investigate the
difference in peak between films with addition of PVP and
films without addition of PVP. Both of the film show
absorbance wavenumber spectrum range from 1000-1300
which is C-O-C Stretch. Both films show the highest peak
with —NH amide since both film contains same ratio of
chitosan. Both plastic films show the absorption rate in the
range of 2100-2660 cm™. The functional group Alkynyl C=
C Stretch.

The difference in Figure 6 & 7 is, Figure 7 shows the
absorbance wavenumbers spectrum range from 3550-3200.
The functional group is Alcohol —~OH Stretch. This is due
to the fact PVP solution is added to the blended film
between Chitosan and PVA. The absorbance wavenumber
spectrum range of Alkyl C-H stretch is higher in Figure 8
compare to the Figure 7. This is due to the addition of PVP
solution into the blended film increase the intermolecular
hydrogen bond between the components.
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1600 1400 1200 1000 800

Figure 6: FTIR Analysignlzor CS:PVA T3

600 515.0
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Figure 3: FTIR Analysis for CS:PVA 7:3 5% PVP

IV. CONCLUSION

As the conclusion, the addition of PVP solution to the
blended film does improve the properties of the plastic
films. The mechanical properties of the cross-linked films
were successfully enhancing the mechanical properties of
the plastic film. It shows that the addition of synthetic
polymer to the chitosan (natural polymer) has changed its
characteristics without changing its behavior. Addition of
PVA and PVP increase the mechanical properties of the
plastic films. It also shows that the addition of PVA and
PVP increase the degree of swelling of the plastic films.
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