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PVA (polyvinyl alcohol) and chitosan polymers are two widely used polymers in bioplastic
due to their biodegradable properties. This research aims to characterize the mechanical,
physical, and thermal properties of combined PVA 3 wt.% and chitosan by 0.5, 1, and 2
wt.% as bioplastic films. It was tested using tensile, X-ray diffraction, Fourier transforms
infrared, scanning electron microscopy, and thermogravimetry analysis. Adding 1 wt.%
chitosan increases the bioplastic film's tensile strength and thermal stability by 60% and
49°C, respectively. In addition, adding this chitosan also increases the bioplastic film's

crystallinity index. However, adding 2 wt.% chitosan affected stiffness and brittle, which
indicates a decrease in the elongation at break by 27%.

1. INTRODUCTION

PVA (polyvinyl alcohol) and chitosan polymers are two
types of polymers that are widely used in plastic packaging
due to their biodegradable properties. Chitosan with a
chemical formula (CsHii1NO4), is a linear polysaccharide
resulting from the deacetylation of chitin. Chitosan can be
dissolved easily in weak acids. High hydrophilicity based on
the presence of amino and hydroxyl in the chitosan chemical
functional group [1-3]. Chitosan is deacetylated from chitin
which has an amine group (-NH) that can inhibit bacteria and
microbes. The properties of chitosan have made many
researchers use it in the biomedical field, including to prevent
and treat infections [3, 4], manufacture wound healing
dressings [5] and drug release [6]. However, some of the
weaknesses of chitosan are weak mechanical properties, brittle,
and can only be dissolved in acidic solutions. Several
modifications have been made through various techniques to
solve the weakness, including adding and blending of
myofibrillar protein, cellulose nanocrystals, polymers similar
to PLA (polylatic acid), PVA, which can improve
biocompatibility, thereby increasing mechanical strength,
elongation at break and elasticity of bioplastic materials [7-10].
PVA is a synthetic polymer widely used in biomedical
applications due to having prime properties like hydrophilicity
and biodegradable material [11]. According to Jiang et al. [12],
PVA is a potential biomaterial for vascular cell culture
processes. Ahmed et al. [13] have successfully used hydrogels
made from PVA and PEG (polyethylene glycol) for wound-
healing dressings. PVA is biocompatible and suitable for
natural tissue simulation. Basically, PVA has good oxygen
permeability, is not immunogenic, good film formation,
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emulsifier and it is can be moisturized [14]. The mixing of the
two types of polymers has been investigated by Vo et al. [15],
who made bioplastic films using PVA, chitosan, and
anthocyanin extracts from red cabbage. Bioplastic films have
been synthesized from hydrogels prepared by mixing 1% PVA
and 1% chitosan with anthocyanin. In particular, anthocyanins
extracted from red cabbage are used as pH indicators and
crosslinking agents to provide good mechanical properties.
Vimala et al. [16] explores the fabrication of chitosan-
polyvinyl alcohol-silver nanoparticles (AgNPs) films were
increased applications as anti-microbial packaging, wound
dressings, and antibacterial agents. Silver ions were extracted
into silver nanoparticles (AgNPs) and mixed in a solution of
chitosan and PVA so that their functional chemical groups (-
OH, -COOH, -NH>) bind together. As a result, silver-chitosan-
PVA nanoparticle film has inhibited microbial and fungal
activity. This has been proven by experiments on E. coli,
Pseudomonas, Staphylococcus, Micrococcus, C. albicans, and
P. aeruginosa. Yudhanto [17] indicates the high crystallinity
was affected the good mechanical properties of the materials.
The crystallinity was observed by X-ray diffraction (XRD) test
to describe amount of crystalline structure on materials and
fourier transform infrared (FTIR) to characterized the
chemical bond properties of materials. This research
characterizes the mechanical, physical, and thermal properties
of the composition between a mixture of PVA and chitosan
polymers without any plasticizer binders.

2. MATERIALS AND METHOD

PVA (Polyvinyl alcohol) with molecular weights (MW)
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89,000-98,000, 99% hydrolyzed. Table 1 shows the product
specification of PVA from Sigma Aldrich with CAS number
9002-89-5.

The Table 2 shows product specification of chitosan
(Deacetylated chitin, Poly (D-glucosamine) from Sigma
Aldrich with CAS number 9012-76-4.

Figure 1 shows the scheme of bioplastic film process, A
weight concentration of 3 wt.% PVA dropped in the purified
water on a Beaker glass and heated at 150°C, stirrer by 350
rpm for 30 minutes. The PV A suspension was then placed in a
desiccator for 24 hours until the bubbles on the surfaces
disappeared. Chitosan as a filler was included in a 3 wt.% PVA
suspension with concentrations of 0.5, 1, and 2 wt.%. Acetic
acid (CH3COOH) 1% dropped into PVA and chitosan was
done using a mechanical stirrer with 520 rpm rotation at room
temperature (27°C) for 20 minutes to get the homogeneous
suspension. PVA+chitosan suspension was poured 30 ml into
a Teflon plate which has 150 mm in diameter. It is taken off
from the Teflon plate after 24 hours and produces a bioplastic
film.

2.1 Tensile test
The tensile test of bioplastic films according ASTM D882

for thin plastic sheets, including thickness film 0-1 mm could
be seen on Figure 2. The thin plastic sheet specimen is 80 mm

in overall length and 25 mm in width. For the attaching thin
plastic sheet into paper 20 mm in gage length and 5 mm in
gage width. The universal testing machine (UTM) Pearson
Panke Ltd. has a maximum load of 200 N and a set crosshead
rate of 2 mm/minutes.

Table 1. Specification of PVA CAS number. 9002-89-5

Physical and Chemical Properties of

No PVA Specification
Crystalline

1 Appearance (form) (powder)

2 Appearance (color) White

3 Formula (C2H40) n

4 Melting Point 250°C

5 Relative density 1.19-1.31 g/cm?®

6 Water solubility 96°C

7 pH 5-7

Table 2. Specification of chitosan CAS number. 9012-76-4

No Physical and Chemical Properties of Chitosan Specification

1 Appearance (form) powder
2 Appearance (color) Yellow
3 Formula (C12H24N20v)
4 Melting Point 102.5°C
5 Relative density 1 g/em?

Dropped chitosan

0‘5;.1.;(172 wt.%
+ é 2

Dropped acetic
acid 1%

=

{iotwater Dropped 3 wt.% PVA
150°C powder in the Beaker
Glass

«.‘l!

Pouring the suspension
in the teflon plate

Put suspension
in the desicator

Mechanical Stirrer

Figure 1. Scheme of mixing process between PVA and chitosan to produce bioplastic film
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Figure 2. Tensile test specimen according ASTM D882
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2.2 FTIR test

FTIR (Fourier Transform Infrared) analysis finds the range
of wavelengths in the infrared region absorbed by the
bioplastic film. Infrared radiation (IR) is applied to a sample
of a material. The ability of a selection to absorb infrared light
energy at a wavelength of 4000-400 cm™' is measured to
determine the type of vibration and the molecular structure of
the bioplastic film. Thin pellets were prepared with KBr
(potassium bromide), and the samples were measured with a
Shimadzu 8400S.

2.3 XRD test

The X-ray diffraction (XRD) analysis of the bioplastic films
using a Rigaku Miniflex 600 Benchtop. The instrument was
operated at 40kV, and 30mA. X-ray radiation filtered by CuKa
radiation (A=1.54060A). It was a of 20 scanning range 5 to 40,
with a step increment of 0.02° s at room temperature.
Increasing the incident beam peak energy would give greater
penetration through the sample test it the range. This technique
is applicable for films with thickness between 1-100 pm.

2.4 TGA test

Bioplastic film thermal stability was founded using
thermogravimetry analysis (TGA). The tool used has the STA
7300 originating from Switzerland. The size of specimen
weighed about 1-3 mg. Sample in the PAN Al,Os is heated at
arate of 10 degrees per minute in the range of 30-800°C, using
a Nitrogen flow of 20 ml per minute.

2.5 Morphology

The surfaces of bioplastic film have been identified by
Scanning Electron Microscopy (SEM), JSM-6510, LA-JEOL
type, and the changes of characters of materials from PVA to
PV A+chitosan bioplastic films. SEM was set on the voltage
by 40 kV; the sample was coated with Au using a sputtering
method. The bioplastic film sample test by 10x10 mm. To be
imaged, the specimen is put in a high vacuum because it needs
a conductive surface.

3. RESULTS
3.1 Tensile strength

The bioplastic film from blended PVA and chitosan
approximately have a thickness of 60-80 pm. Figure 3 shows
the tensile strength values of PVA film and PVA film with
adding chitosan. The pure PVA film gives tensile strength and
elongation at the break by 27.3 MPa and 110%, respectively.
Adding 1 wt.% chitosan into PVA film increases tensile
strength by 60% (43.7 MPa) but decreases the elongation
slightly by 7% (95%). Adding 2 wt.% chitosan in the PVA film
reduces tensile and elongation properties by 17% and 27%,
respectively. That causes the bioplastic film to be more brittle
than pure PVA film. Generally, a substance added to produce
flexibility and reduce brittleness is a plasticizer.

The addition of plasticizers by adding several polymers,
such as glycerol and sorbitol, has improved elongation
properties. The plasticizers have been developed by Cerqueira
et al. [18], who examined the effect of adding glycerol/sorbitol
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to chitosan. With an optimal concentration of 1.5 wt.%
chitosan and adding 0.5% glycerol/sorbitol, it produces a
bioplastic film with a tensile strength of 12.8 MPa and an
elongation break of 81.9%. Adding more glycerol (2.0%)
increases elongation at a break of 109.9%, but the tensile
strength decreased to 8.5 MPa. The use of PVA and chitosan
as packaging for strawberries has been investigated by Liu et
al. [19]. The variation made was the comparison of the weight
concentrations of PVA and chitosan. Suspension 3 wt.% PVA
was added 0, 0.60, 0.75, and 0.90 wt.%. Tensile testing on pure
PVA resulted in a tensile strength value of 25.1 MPa and an
elongation of 82.9%. The optimum addition at the addition of
0.75 wt.% PVA was 35.4 MPa, and the elongation decreased
to 75.3%. Choo et al. [20] conducted a study by adding
chitosan every 25, 50, and 100 wt.% weight of chitosan into
PVA. The highest tensile strength by adding chitosan in the
PVA by a ratio of 50:50 there is 29 MPa. The elongation at
break decreases from 220 to 95%. Habibie et al. [21] examined
the use of chitosan in a paper to improve the paper's
mechanical properties. Adding 1 wt.% chitosan increased the
strength of the mechanical paper so that it would not tear easily.
The addition of 2% chitosan makes the paper material more
rigid so that when it is rolled during production, the paper is
easily torn.
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Figure 3. Mechanical properties of PVA and PV A+chitosan
bioplastic films

3.2 Crystallinity analysis
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Figure 4. X-ray diffraction patterns of PVA and
PV A+chitosan bioplastic films



The results of the XRD test showed that the combination of
PVA and chitosan showed good inter and intra molecular
bonds. It is shown by Figure 4, the peak at 26=19.2°, showing
the (220) plane, which indicates a crystal form I type lattice
[22, 23]. The amorphous region is at 26=16.8°, the (100) plane
[22]. At the addition of 2 wt.% chitosan into PVA films, there
is a change in the shape of the peak at 26=12.6°. shows the
crystal form type II lattice, the (010) plane [24].

The presence of an inhomogeneous mixture can cause the
intensity of wave absorption in that area to decrease. Adding
2 wt.% chitosan to PVA also causes the value of two thetas to
shift from 26.2° to 24.8. The value of 26.2° indicates the
reflection of the o waveform caused by the chitin content in
chitosan. The pure PVA film crystallinity value is 44.1%.
Therefore, mixing PVA and chitosan resulted in a change the
crystallinity value of the bioplastic films.

The character of chitosan from crab and shrimp shells has a
brittle character with a crystallinity value of 31.9-38.8%,
according to Narudin et al. [25]. Mixing with PVA and
chitosan improved the mechanical properties even better, and
the elongation was relatively good, it is still above 75%. Figure
4 shows the adding of chitosan 0.5, 1, and 2 wt.% increased
the crystallinity values 16.8, 25.5, and 34.2%, sequentially.
this indicated compatibility between PVA and chitosan in
terms of inter and intra-molecular bonds. They crystallinity
were resulted 33.4, 43.7, and 36.2 MPA. Adding 2 wt.%, the
bioplastic film was increased crystallinity but partially
chitosan agglomerates so it changes structure more brittleness.

3.3 FTIR analysis

Figure 5 shows the Fourier transform infrared (FTIR)
spectra of wave absorption of bioplastic films. The spectrum
of pure PVA film at 3450 cm™!, confirms the stretching
vibration of the hydroxyl O-H group bonds in PVA. The
highest intensity on the wave 3450 cm™! shows the pure PVA

film characteristic. The vibration band observed at 2928 c¢cm’!
presence of intramolecular bond of C-H from the alkyl group
[26-28]. Increasing the chitosan content in the PVA film
reduces the intensity of the wave peaks. It is caused by forming
of new chemical bonds in the bioplastic film, which contains
amide groups [29]. The disappearance of the sharp peak at
2928 ¢cm! absorption indicated a chemical bond change from
the pure PVA group to PVA/chitosan. This absorption
suggests the existence of an intermolecular bending vibration
bond between the hydroxyl group (-OH) and the amine group
(-NH>) [30, 31]. The waves 1561 cm™ and 1651 cm™' showed
N-H and C=0 bending stretching bonds, which indicates the
presence of amide II and amide I, commonly found in chitosan
[32].
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Figure 5. Fourier transform infrared spectra of PVA and
PV A+chitosan bioplastic films

Table 3. FTIR characteristic bands of PVA and PV A+chitosan films

C-0

N-H c=0

Sample c-C Stretch CH  \midell  Amidel C-H O-H
PVA 840 cm! 1100 cm™ 1261 cm? 1561 cm™ 1651 cm? 2928 cm™ 3450 cm’!
PVA+chitosan 0.5% 840 cm™ 1100 cm™? 1261 cm™ 1561 cm? 1651 cm™ 2928 cm™ 3450 cm™
PVA+chitosan 1% 840 cm' 1100 cm™ 1261 cm? 1561 cm™ 1651 cm? 2928 cm™ 3450 cm’!
PV A+chitosan 2% - 1100 cm’! - 1561 cm? 1651 cm’! - 3450 cm’!
(a) o Tr=314.6°C (b)
Jou To=288.2°C § Tn=363.6°C
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Figure 6. Thermogravimetry analysis (TGA) and derivative thermogravimetry (DTG) curve;
(a) PVA film and (b) PVA+chitosan 1%
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The change in intensity at the absorption of 1100 cm™
indicates stretching vibrations, and the presence of C-O
stretching bonds that show a saccharide structure indicates the
chitosan properties. Due to the high chitosan concentration
impact, the disappearing waves are 1261 cm™! and 840 cm™.
This suggests that the chitosan chemical bond structure did not
include C-H and C-C structures. The characteristic chemical
bond in the bioplastic films can be seen in Table 3.

3.4 Thermal analysis

Thermal stability on proteins based on bioplastics tested
through the Thermogravimetric analysis (TGA) and derivative
thermogravimetry (DTG) which showed on Figure 6.
Evaporation of the water contained in the bioplastic film at
temperatures below 150°C causes a decrease in the weight of
the material [32, 33]. It is used to determine the hydrophilic
character of the protein contained in chitin. The difference in
water content in several bioplastics is almost the same in the
initial range of degradation from 180° to 350°C. Heating can
increase the movement of proteins that cause physical
interactions between biopolymer chains to change. Mixing
PVA 3 wt.% and chitosan 1 wt.% increases the initial
degradation temperature (T,). It occurred faster in PVA film is
262.8°C (T,) showed on Figure 6(a), while in bioplastic film
PVA+Chitosan at 288.2°C (T,) showed on Figure 6(b). As a
result, the weight loss occur is 10%, the same as the research
conducted by Abraham et al. [32], a decrease in the initial
degradation by 10% due to mixing the 5 wt.% PVA and 2 wt.%

SEI  16kV WD11mm S$S40 x5,000  Spm

i

SEl 5KV woimm  SS40 x5,000 - Sum

chitosan. Bio-composite PVA/chitosan film has T,=289°C.
Adding a plasticizer with a concentration of 25% glycerol on
the bio-composite film reduces the weight loss at the 30%. The
second degradation occurs at a temperature range of 350-
500°C. It caused some of the material partition is starting to
burn. Its condition is called the maximum temperature (Tm).
The Tn increases from 314.6 to 363.6°C, due to adding
chitosan 1 wt.% into PVA film.

3.5 Morphology

A bioplastic film morphology test was conducted using a
scanning electron microscope (SEM). In general, SEM
provides information about the surface character of bioplastic
films. The test sample of SEM was observed by 20%20 mm,
and chose the central location around on bioplastic film; it
showed by image SEM with 5,000 x magnification (Figure 7).
This test aims to identified the surface structure of bioplastics
film. Figure 7(a) shows the appearance of pure PVA film. It is
clearly from aggregates in the surfaces of a matrix and has
excellent transparency. Figure 7(b) shows the arrival of the
smooth wrinkle on the characters of bioplastic film. Figure 7(c)
shows it homogeneous dispersion of the mixture of chitosan
and PVA in the matrix. Nevertheless, it is effective in the
tensile properties of bioplastic films. In addition, it blends
indicates good intermolecular bonding between the amino and
hydroxyl groups in chitosan and PVA. Finally, Figure 7(d)
shows a brittle and rough surface. It has visual appearance
slightly yellowish color in bioplastic film.

S840 Spm

“WD11mm - §540

SEI _10kV

Figure 7. SEM image of bioplastic film (a) PVA film, (b) PVA+chitosan 0.5%, (c) PVA+chitosan 1%,
and (d) PV A+chitosan 2%
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4. CONCLUSIONS

Mixing PVA and chitosan with various weight
concentrations produces bioplastic films. The bioplastic film
PV A+chitosan 1 wt.% has resulted in high tensile strength and
good thermal stability by 43.7 MPa and 363.6°C, respectively.
XRD analysis shows that adding chitosan improves the
crystallinity of bioplastic film. However, adding 2wt.%
chitosan can cause the material to agglomerate and affects
stiffness and brittle, which causes elongation at break decrease.
FTIR analysis shows that when the two polymers are blended,
it changes the spectra peaks' characteristics. It indicates the
good chemical interaction between chitosan's amino and
hydroxyl groups and PVA's hydroxyl groups.
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