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Abstract

Biopolymer electrolytes have a lot of potential for future electrochemical device developments because of their environmentally-
friendly features. In general, the structural characteristics of the biopolymer host play the most crucial impact in determining
electrolyte conductivity. However, the semi crystallinity structure of biopolymer hosts caused the reduction of electrolyte
conductivity. As a result, in this study, the structural characteristics of the biomaterial have been modified by blending jackfruit
seed starch (JSS) and polyvinyl alcohol (PVA) to obtain the optimal composition of the blend that is compatible to be employed
as a biopolymer electrolyte host. The jackfruit seed starch and polyvinyl alcohol were blended with various compositions using th
e solution casting technique. The purpose of this study is to look into the amorphousness, functional groups, and morphology of J
SS with PVA blend and determine the compatibility of JSS with PVA blend as a polymer electrolyte host. The best compatible bl
end composition is JSS-PVA with a 1:1 ratio, which has the highest degree of amorphosity and the highest percentage of hydroge
n bonding contact, C=0 stretching, and C-O vibrations. Scanning electron microscopy investigation confirms the results, indicati
ng that the blend is evenly dispersed.
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Abstrak
Elektrolit biopolimer mempunyai banyak potensi untuk perkembangan peranti elektrokimia masa depan kerana ciri-ciri mesra
alamnya. Secara umumnya, ciri-ciri struktur hos biopolimer memainkan peranan yang paling penting dalam menentukan
kekonduksian elektrolit. Walau bagaimanapun, struktur separa kristal perumah biopolimer menyebabkan pengurangan dalam
kekonduksian elektrolit. Hasilnya, dalam kajian ini, ciri-ciri struktur biomaterial telah diubahsuai dengan mencampurkan kanji biji
nangka (JSS) dan polivinil alkohol (PVA) untuk mendapatkan komposisi optimum campuran yang serasi untuk digunakan sebagai
hos elektrolit biopolimer. Kanji biji nangka dan polivinil alkohol diadun dengan pelbagai komposisi menggunakan teknik ‘solution
casting’. la bertujuan untuk melihat sifat amorfousness, kumpulan berfungsi, dan morfologi JSS dengan campuran PVA dan
menentukan keserasian JSS dengan campuran PVA sebagai hos elektrolit polimer. Komposisi campuran serasi terbaik ialah JSS-
PVA dengan nisbah 1:1, yang mempunyai tahap amorphositi tertinggi dan peratusan tertinggi hubungan ikatan hidrogen, regangan
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C=0, dan getaran C-O. Mengimbas penyiasatan mikroskopi elektron mengesahkan hasilnya, menunjukkan bahawa campuran itu

tersebar sama rata.

Introduction

Polymer electrolytes (PEs) are generally described as
linear macromolecular chains containing a large charge.
It is also utilized in solar cells, batteries, and
supercapacitors, among other electrochemical devices
[1, 2]. PE has recently piqued researchers’ interest
because of its promising features, which can be
employed as a powerful platform for achieving high
efficiency in the energy storage device. Recently, most
of commercialized PE was prepared with non-
biodegradable materials that are harmful to the
environment and humans. This is due to most of the PE
using petroleum-based polymers in the production of
PEs. Petroleum-based polymer have limitations such as
being expensive, depleting petroleum supplies, and
causing environmental issues.

Biopolymer is a polymer host that has advantages since
it eliminates the need for petroleum as a material source.
In general, the choice of polymer host is an essential
issue in the development of PEs [2]. Based on the
previous studies, the choice of polymer host depends on
two factors. Firstly, the presence of polar (functional)
groups with adequate electron donor power to establish
coordination with cations. For example, by having high
concentration of polar groups (containing electron
donors: O, NH, CN, F). Secondly, a low impediment to
bond rotation [2]. Aside from that, the polymer host
must be highly amorphous. It may occur due to increase
in ionic diffusivity, as ions can move freely due to the
low energy barrier. Furthermore, an amorphous polymer
has a flexible backbone, which can increase local chain
mobility. As a result, the segmental motion of a polymer
can improve the electrolyte’s transportation property
[2]. Other researchers also found that selection of a
polymer host is determined by factors such as the
presence of atoms or groups of atoms with sufficient
electron donor capacity to form coordination bonds with
cations, a low barrier to bond rotations, allowing for
easy segmental motion of the polymer chain, and a
suitable distance between coordinating centers, which

allows for the formation of multiple intra-polymer ion
bonds [3].

To replace the petroleum-based material, the structural
properties of jackfruit seed starch were investigated to
determine its compatibility as a polymer electrolyte
host. In Malaysia, the average weight of a jackfruit
ranges from 3.5 kg to 10 kg, with the largest edible fruit
weighing up to 35 kg, and the source is abundant [4].
Seeds can account for up to 10% to 15% of the total
weight of the fruit [5]. Jackfruit seed starch has a high
amylose content (24-32%) and a high polar group [6].
Previous studies indicate that the functional properties
of jackfruit seed starch, which have C=0O and C-O-C
bonding which suggest that they can be used as a
polymer electrolyte host [7, 8, 9]. It demonstrates that
jackfruit seed starch contained an electron donor and
met one of the requirements of the polymer host.
However, no research has been conducted on the
percentage of C=0 and C-O-C bonding functional
groups. As a result, the percentage of these functional
groups was measured in this study.

Semi-crystalline properties are found in some of the
native starch polymers. The previous researchers
discovered that the sample's ionic conductivity is low
due to its crystalline structure after synthesizing PEs by
reacting poly(ethylene oxide) (PEO) with a salt such as
lithium iodide (Lil) [10]. PVA also has semi-
crystallinity structure, by blending PVA with another
polymer, it might reduce the crystallinity properties. The
previous researchers found that blending PVA with pure
cornstarch and chitosan can reduce the crystallinity peak
[11, 12]. The chain structure promotes the formation of
interchain "tunnels" through which the desired ion can
bounce between coordination sites while the counterion
travels down the polymer chain [13]. These tunnels
constrain the movement of anion and cation in
crystalline PEs due to their highly ordered crystalline
domains that are selective for an ion and exclude its
counterion, allowing for separation [10]. The
conductivity of amorphous polymers is higher due to
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their amorphous properties, which allow for significant
chain movement because ion coordination is transitory,
enhancing ion mobility [14]. Ion transport is triggered in
the amorphous phase by local mobility of polymer chain
segments, which creates new coordination sites into
which the ions can then travel [10]. While the
crystallinity can restrict the movement of ions. It has
been well reported that the ion transport occurs mainly
in the amorphous region rather than the crystalline
region, but the polymers host materials that used in PEs
are often semi-crystalline. To summarize, the
movements of ions in the amorphous phase allow ionic
conductivity.

Thus, in this research, synthetic polymers such as PVA
were blended with jackfruit seed starch to modify the
polymer's structural properties and achieve the optimal
state of amorphosity [15]. According to previous study,
PVA is used because it has excellent charge storage
properties, optical properties, and high dielectric
strength. Fahmy et al. stated that PVA has a carbon chain
backbone that is connected with hydroxyl groups [16].
Due to hydroxyl groups, or OH groups, are a source of
hydrogen bonding, they aid in the formation of polymer
blends or polymer complexes. Chen et al. investigated
varied features of PVA/chitosan blends at different ratios
and discovered that chitosan, as a natural polymer which
can reduce the PVA crystallinity [17].

As a result, the primary goal of this study is to
investigate the amorphousness, functional groups, and

morphology of JSS with PVA blend to ensure that these
properties are compatible as potential polymer
electrolyte hosts.

Materials and Methods

Materials

JSS used in this experiment was purchased from the
jackfruit merchant in Bandar Pusat Jengka, Pahang. The
chemicals used were PVA and glycerol from R & M
Chemicals, UK. 0.1 M sodium hydroxide (NaOH) and
0.1 M hydrochloric acid (HCI) were also used and were
purchased from Sigma-Aldrich, USA.

Preparation of jackfruit seed starch and polyvinyl
alcohol blend

The samples were prepared by using solution casting
method. Different compositions of JSS and PVA were
used as represented in Table 1. Firstly, the PVA solution
was prepared by dissolving PVA into distilled water. The
solution was heated at 100 °C for 30 minutes. While the
PVA was being diluted, the JSS mixture were prepared
by using double boiled method. JSS was mixed with
distilled water before adding 1.5 mL of glycerol, HCI
and NaOH. The mixture was stirred at 90 °C for 20
minutes. Then, the PVA solution was added into the
mixture and it was stirred continuously for 30 minutes
at 100 °C until the homogenous gel-like mixture was
formed. After being homogenous, it was poured into a
petri dish and dried for 48 hours at room temperature.
Next, the dried films were peeled from the petri dish and
was cut according to the characterization method used.

Table 1. Composition of JSS and PVA

Sample JSS (%) PVA (%)
S1 100
S2 30 70

S3 50 50

S4 70 30

S5 100 0

Characterization
The Fourier-transform infrared spectral analysis of
functional groups for the bioplastic films was carried out

by Perkin Elmer FTIR Model 2000 spectrometer in a
range of 500-4000 cm™ at a resolution of 4 cm™. The
surface analysis of the bioplastic films was carried out
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by using Scanning Electron Microscopy (SEM, Vega 3,
Tescan Analytics, France). The morphological structure
of the bioplastic films was obtained at a voltage of 20
kV (magnification of 1000x). The X-ray diffraction
patterns of the films was characterized by X’Pert PRO
MPD diffractometer (PANalytical, UK). It operated at
36 kV (20 mA) and the scanning range was 5°-90° in the
scale of the angle 26.

Results and Discussion

Fourier-transform infrared spectral analysis

The FTIR spectra for JSS and PVA blend are shown in
Figure 1. The strong and wide absorption band at 3300
cmt indicates that the blend has the stretching vibration
of OH groups [18]. The possible functional groups for
this peak are the hydroxyl group and H-bonded OH
stretch. The available hydroxyl groups on the starch
chains cause the formation of the peak at 3300 cm™[19].
The absorption band is also present in the PVA film,
indicating that there are many water hydroxyl groups in
the film, which are the same as those studied by EI-Sawy
and his colleagues [20]. The major OH groups that
appear in all samples at 3300 cm?, indicate that there is
an interaction between different -OH groups in the JSS
and PVA blends for the other four samples. The
intensity of S1 becomes lower with additional JSS into
the blend due to the intensity of pure JSS, which is S5
that is the lowest. In other words, the FTIR spectra
pattern for JSS and PVA blends seems to overlap
compared to a single polymer component.

The peaks that occurred at 2900 to 2950 cm™ were
attributed to C=H asymmetric stretching vibration [21].
Then, the peak at 1650 cm™ was caused by C=0 stretch
[22]. This peak belongs to PVA. Next, the peak at 1040
cm! was attributed to C-O vibration of C-O-C groups
[18]. The bands at 1000-1200 cm™ were ascribed to the

C-O stretching vibration. The changes occurred of the
peak intensity of C-O in C-O-C groups by blending JSS
and PVA. The highest intensity was obtained at S3. It
shows that the S3 has the highest C-O in C-O-C groups.
Then, the peak for S3 slightly shifted to the left, from
1040 cm to 1029 cm, indicating that strong hydrogen
bonding interactions occurred between starch and PVA
components. Both JSS and PVA have a lot of OH and
C-O groups, which might help them establish hydrogen
bonds and increase their compatibility [18]. The
absorption peaks have also changed and shifted at 1400
cmto 1450 cm™. The peak for PVA appeared at 1400
cm, but when there was the presence of JSS, the peak
shifted to 1450 cm. The shift indicates that there is a
weak interaction caused by C-O bonds that occurred
during the solution blending and casting process [8]. The
FTIR spectra for the JSS and PVA blend films showed
the same pattern with the FTIR spectra for PVA film
which is S1. From Figure 1, there is ho major change
that occurred in the functional group due to the JSS and
PVA that is homogenously blended. Changes in the
characteristic spectra peaks alter the physical blends
versus chemical interactions when two components are
blended [23]. Based on the previous studies, if the shape
and location of the characteristic peak for the blend films
is similar to PVA, the interaction among the PVA
molecules is dominant and stronger compared to the
JSS-PVA molecules and JSS-JSS molecules [20].

The percentage area under the graph for each stretch was
summarized in Table 2. The peak at 1040 cm™* for S3
has the highest percentage area under the graph. Having
a higher percentage area under the graph for the C=0
and C-O-C region is important in PEs because it is
related to the conductivity of the PEs. Having a higher
percentage area in those regions means that it has higher
conductivity compared to the other blend films [24].
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Figure 1. FTIR spectra of polymer blend with different composition of JSS and PVA blend

Table 2. Percentage area under the graph for each stretch

Sample Percentage Area Under the Graph (%)

1040 (cm™) 1400 (cm™) 1650 (cm™) 2945 (cm™) 3300 (cm™)
S1 9.99 14.27 6.30 6.98 62.45
S2 10.55 16.52 5.44 5.96 61.52
S3 14.26 8.00 4.47 7.09 66.18
S4 9.66 6.05 4.99 5.69 73.61
S5 12.25 6.05 5.25 5.90 70.60

Scanning electron microscope testing

The morphological structure of JSS and PVA blend
films was analysed by SEM at magnification of 1000x
(Figure 2). A homogenous structure was analysed for all
of the samples. The surface of S1, which is an unfilled
PVA film, had a smooth and clear surface as shown in
Figure 2a. JSS is present in semi-round shaped granules
and PVA is completely dissolved in the blend. The
previous researchers also observed the semi-round
shaped granules at a magnification of 1000x [25]. Then,
a few other researchers also found that the presence of
granules belong to the starch which is JSS [6, 11, 26].
Figure 2b, 2c, and 2d show that the JSS and PVA is

evenly distributed and there is no formation of voids.
The interface between those two materials in the blend
was indistinct, which indicates the strong interaction
between starch and PVA components. As indicated in
the FTIR section, there is a strong hydrogen bonding
formed between JSS and PVA, and it could improve the
compatibility effectively [18]. The surface of S2 in
Figure 2b shows a clear, semi-round shaped granules of
JSS due to the fact that the amount of JSS in the blend is
less than PVVA. The JSS is evenly blended in the PVA
matrix. As the amount of JSS added into the blend
increases, the shape of the JSS in the blend can barely
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be seen as the JSS becomes more compact and the blend
films become smoother and homogenous.

The smoothness of the blend films represents the
amorphous phase of the electrolyte films [27]. As the
amorphous surface in PEs increases, the conductivity
will also increase. This is because the ions can move
freely when a smooth surface PE is formed [28]. As a
result, the conductivity is improved. For S5 with only
JSS in the blend film, the surface of the blend film looks
a little rough without the presence of PVA. Based on the
previous research, blend films with the presence of PVA
will appear a lot smoother compared to those without it

[29]. The previous research also indicates that a rough
surface morphology in the electrolyte film reflects a
semi-crystalline phase, which reduces the film’s ionic
conductivity [28]. From the morphological structure
obtained, S3 with 50:50 of JSS and PVA demonstrated
the optimum interaction between JSS and PVA
compared to the other films with different compositions
of JSS and PVA. Figure 2c reveals that the starch
granules are well dispersed, homogenous, and have a
smoother surface compared to other blend films. It can
be concluded that S3 has the best conductivity based on
the smoothness of the blend film.

Figure 2. Surface morphology of different composition of JSS: (a) S1; (b) S2; (c) S3; (d) S4; (e) S5

X-ray powder diffraction testing

The XRD pattern for five samples with different
compositions of JSS and PVA was presented in Figure
3inthe range 13° to 30°. Based on the figure, broad peak
has been observed at 19.7° for all samples. This peak is
related to the PVA phase where it is in a partially
crystalline structure. The broad diffraction peak
indicates that the crystallite is very small [4]. The

position of the broad peaks for amorphous is hormally
within the range of 15° to 30°, implying that the broad
peaks at 19.7° exhibit amorphous properties [30]. In
Figure 3, the broadness for S2 and S3 increased while
the intensity decreased. However, the intensity for S4
increased as the broadness increased. The increase in the
broadness of the peak portrays the amorphous nature in
the samples [31]. The previous researchers reported that
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the amorphousness in the system is related to the height
of the peak and the degree of crystallinity of the system
[31]. Thus, S3 is the sample that has the highest
amorphous nature compared to the other samples as it
has a broad diffraction peak with low intensity. It can be

proven based on the value of percent crystallinity in
Table 3, where S3 has the lowest percent crystallinity
compared to other samples. This is compatible with the
SEM analysis where S3 has the optimum interaction
between JSS and PVA compared to other films.

Intensity (counts)

— 51
—S2
—3S3
— 54
— S5

20 (degree)

25 30

Figure 3. XRD analysis at 20° for polymer blend with different composition of JSS

Table 3. Percent crystallinity for each sample

Sample

Percent Crystallinity (%)

S1
S2
S3
S4
S5

84.04
88.35
41.82
81.87
74.55

Conclusion
The blend of JSS and PVA with different compositions
was prepared via the solution casting method and their
properties were investigated. From this study, it shows
that the JSS and PVA have good compatibility and can
be effectively reinforced together. Based on the FTIR
analysis, the blend has a hydrogen bonding interaction

and also have C=0 stretching and C-O vibrations. Then,
from SEM and XRD analysis, S3 has the most
amorphous structure which then leads to high ionic
conductivity. Thus, this study suggests that JSS and
PVA are suitable to be used as PEs.
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