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1. Introduction

In recent years, the usage of solid polymer electrolytes (SPE)
has grown in demand compared to liquid electrolytes due to the
evolutional in electrochemical devices specifically in rechargeable
batteries, solar cells, supercapacitors, sensors and semiconductors
[1-5]. Commonly, most of the previous works used an inorganic
polymer and inorganic solvent as starting materials in SPE film
preparation. Nowadays, the usage of natural polymers such as starch,
chitosan and cellulose had gained much attention among researchers
due to its nature properties (environmental friendly and inexpensive)
[6-8]. The selection of relevant initial materials in SPE production
at the major stage can directly improve the physical, chemical and
electrical properties of SPE film itself and also could cut the cost of
production.

Solid polymer electrolytes (SPE) are well-known to have a lot of
advantages such as a high capability to eliminate leakage problems,
light in weight, easier to shape and mechanically stable [9-16]. The
requirement for SPE to be used in certain devices must have high
flexibility in its mechanical properties and at the same time the
electrical and other properties did not deteriorate [17]. Furthermore,
the research regarding the corn starch based SPE for sodium battery
separator was still few reported. In addition, most of the works done
by researchers that related to this SPE system did not discuss and
elaborate in detail on the mechanical section, which is a good
characteristic to be looking after the ionic conductivity feature.

In this work, starch-based electrolytes have been prepared by
doped with NaHSOs through a solution casting method. This study
highlighted the physical properties of SPE systems through the
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In this paper, the mechanical properties of corn starch-sodium bisulfite (NaHSOs) solid polymer
electrolyte (SPE) were investigated. The SPE film based on corn starch was doped with different
weight percentages (wt%) of NaHSOs and prepared using a solution casting method. The SPE was
tested by using the Tensile Analyzer to determine the tensile strength and Young’s modulus value.
The presence of 5 wt% of NaHSOs content within the corn starch matrix increased the mechanical
properties of SPE film from 0.26 MPa to 2.11 MPa of tensile strength while Young’s modulus
enlarged from 1.6 x 102 up to 2.6 x 10 MPa. There was found that the tensile strength and Young’s
modulus values tended to decrease with the addition of NaHSO3z more than 5 wt%. This study
highlighted that adding NaHSOz not only improved the ionic conductivity but also changed the
mechanical properties of the film itself and it is believed that these properties had the potential and
beneficial not only in advanced electronic applications but also in the packaging industry.

mechanical and conductivity results reported here. The addition of
ionic salts in polymer electrolytes is one of the possible ways to enhance
conductivity. The selection of NaHSOs in this study, instead of
it rarely reported, its characteristics like low toxicity, ready availability,
lightweight and low atomic mass make it highly promising as an ionic
booster, specifically in electrochemical applications [18-25]. Besides,
a comparative study reported that sodium based SPE possessed higher
conductivity compared to lithium based electrolyte at room temperature
[26]. To this point, there is no polymer electrolyte prepared from
corn starch doped with NaHSOs to be applied as a solid electrolyte
in any energy storage devices. Besides, the differences of this study
compared to other reported work are more detailed concerning about
mechanical and ionic conductivity of corn starch-NaHSO3 SPE films
and based on resulting data then it may be concluded whether these
SPE films have the potential to be applied in sodium battery system
as a conduction medium. The as-prepared SPEs will be investigated
using a tensile analyzer in aiming to get the information on its mechanical
properties by applying some forces on the film.

2. Materials and methods
2.1 Materials

The materials used in the preparation of SPE were corn starch
(CeH100s, Sigma-Aldrich) as a host and sodium bisulfite (NaHSOs-
96% pu., Sigma-Aldrich) as an ionic dopant. The distilled water

(100% pu.) and glycerine (96% pu.) were used as the mixed solvent
to dissolve the corn starch and sodium salt.
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2.2 Sample preparation

The common method used to prepare the solid polymer electrolyte
(SPE) by using a solution casting technique. Sodium bisulfite (NaHSOs)
with different masses is stirred with two different solvents (glycerine
and distilled water) until no left residue. Next, corn starch was added
into the mixed solution and stirred on the hotplate magnetic stirrer to form
a homogenous solution. The solution was then poured into a petri dish
and left it dry naturally at room temperature to form electrolyte films.
For further drying, the samples were kept into the desiccator that
was filled with silica gel. The amount of sodium bisulfite used was listed
in Table 1 and the preparation step is shown in Figure 1.

2.3 Measurement of thickness

The thickness of corn starch-NaHSOz was measured by using a
digital micrometre screw gauge (Kincrome 5610). Figure 2 depicts
the thickness of SPE films being measured and before that, the SPE
films will be cut into a particular dimension (4 cm x 4 cm). Five
readings for each specimen films were taken. The reading was taken
at the edges and middle regions of the samples.

2.4 Conductivity properties

The ionic conduction of solid polymer electrolyte (SPE) systems
was analyzed using electrochemical impedance spectroscopy (EIS).
The prepared samples were cut into a suitable size and sandwiched
between two stainless blocking electrodes. The impedance measurements
were performed using HIOKI 3532-50 LCR Hi-Tester that interfaced
with a computer at room temperature. The data were collected at
a frequency range of 50 Hz to 1 MHz. The membrane resistance value
was taken from the high frequency intercept on the real impedance
axis of the Cole- Cole plot. The conductivity values were calculated
using Equation (1).

(1)
Where, o is the conductivity (Scm™), | is the thickness of SPE samples
(cm), Reis the bulk resistance in ohm and A is the sample-electrode
contact area (cm?).

2.5 Mechanical properties

The mechanical strength of the SPE film was examined at room
temperature by using a Shimadzu Ez-500NLX tensile tester machine.

Table 1. The composition of NaHSO; used in producing SPE.
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The film was cut into rectangular with a dimension of 3cm x 1 cm
(length x width). The film membrane was tested at a rate of 1 cm-min-L,
Each sample was placed as shown in Figure 3 for the tensile test. At
initial, the film was clamped between the sample holders. After pressure
was applied, the film had changed and its shape became thinner in
the middle and the reading start to be observed, which showed by
the computer that connected to the machine.

Distilled water
+ glycerine
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NaHSO,
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Figure 2. The thickness of SPE films are measured.
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Figure 3. The placement of the thin films SPE for mechanical testing (a)
before (b) after.

(b)

Sample Corn starch (g) NaHSO; (wt%) NaHSO:s (g) Solvents (mL)
Distilled water Glycerine
Pure 1 0 0 20 0.6
1 1 5 0.053 20 0.6
2 1 10 0.111 20 0.6
3 1 15 0.176 20 0.6
4 1 20 0.250 20 0.6
5 1 25 0.333 20 0.6
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In mechanical properties of materials, the tensile strength and
Young’s Modulus are two important parameters which the ability of
materials to resist the specific force and at the same time can maintain
other properties at great performance. Tensile strength is a parameter
in which to know the limitation of material to withstand stretching
before fracture. Whereas, Young’s modulus is defined as an elastic
modulus that can determine the deformation that happens for materials
when a force is applied parallel to an object. In other words, it is used
to measure the stiffness of the materials [27-29]. Ductility is the
physical property to determine the ability of materials to sustain without
breaking even though the shape was changed. The following Equations
(2), (3) and (4) are used to calculate the mechanical properties of
the studied films.

To get the tensile strength, the force (N) which applies to break
the film must be divided by the original width (m) and thickness (m)
of the film. In mathematical form, the tensile strength formula can be
shown by Equation (2) as follows:

TS = load at break (2)
- (original width)(original thickness)

Young's modulus is sometimes referred to as the modulus of
elasticity and it can be calculated by the tension stress divided by
the extensional strain of the film. In other forms, it can be summarized
by the following Equation (3).

tensile stress  _ Fl,
extensional strain Ay Al

= @)
Where E is Young’s modulus (Pa), F is the force exerted on the
object (N), Lois the initial length of the object (m), Ao is the original
cross-sectional area which the area that force applied during the test
(m?) and 4L is the difference value of length for the object before
and after tests (m).

The ductility of material can be represented by the percent
elongation of the object. To get it, the difference length in between
Irand lo divided by lo time 100%. The mathematical formula for the
ductility of materials is summarized in Equation (4).

% elongation = lfl_l" x 100% (4)

Where Itis the length between gage marks after the SPE films break
(m) and I is the gauge length of the SPE films (m).

3. Results and discussion

3.1 The physical images of selected SPE thin films

The images of selected SPE films with various amounts of ionic
salts are illustrated in Figure 4. The images were taken by using
a mobile phone camera with 8 MP and 5x of magnifications. It shows
that the pure SPE film was transparent. But then, the films had changed
into translucent with the addition of NaHSOz (5 wt%, 15 wt%, and
25 wit%). The changes physical structure of SPE films corresponding
with the number of salts added will also have potential to alter the
morphology respectively [30]. Besides, Ahmad and his team also
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reported that the addition of salt may influence the surface morphology
of the films to make it become more flexible [31].

3.2 The thickness and conductivity of SPEs

Table 2 shows the thickness reading of SPE. The reading was taken
a few times and the average value of measurement was used to calculate
the desirable parameters and be plotted in a graph. Figure 5 shows
a relationship graph of thickness and conductivity versus the salt content.
Briefly, the thickness increases with addition of NaHSOz salt in
between 5 wt% and 25 wt%. The thinnest film in this study obtained
from the film containing 5 wt% of NaHSOs whereas the film with 25 wt%
of NaHSOz gives the thickest film. The measured thickness is attained
in the range of 1.01 x 102 cm to 2.93 x 102 cm. Meanwhile, at 0 wt%
of NaHSOs shows the lowest of conductivity value (1.1 x 10 Scm™)
and the highest value is 2.22 x 104 Scm™ at 15 wt% of NaHSOa.
The thickness is detected to have one trend compared to two trends
for conductivity. The thickness trend only follows the first trend and
opposes the second trend of conductivity. The two trends of conductivity
obtained in two places which are for an increased trend, it starts
from 0 wt% to 15 wt% and for a decrease trend can be found from
above 15 wt% to 25 wt%. The differential in the thickness of films
could be influenced by two main factors, the first, is due to the volume
of SPE solution that poured into petri dishes and the second, is because
of the duration of the evaporation process [32].

w2

L

Figure 4. The SPE films of (a) pure corn starch (b) 5 wt% of NaHSOj, (c)
15 wt% of NaHSO; and 25 wt% of NaHSOs.
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Figure 5. The graph of thickness and conductivity versus the concentration
of NaHSOs.
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Table 2. The reading thickness of SPE thin films.
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NaHSOs content (wt%o) Reading measurement (cm) (+ 10%) Average measurements (cm) (+ 10%)
15t ond 3rd 4t gth
Pure (0) 0.0103 0.0107 0.0102 0.0097 0.0109 0.0104
5 0.0088 0.0122 0.0099 0.0101 0.0097 0.0101
10 0.0180 0.0175 0.0159 0.0173 0.0159 0.0169
15 0.0173 0.0165 0.0173 0.0186 0.0172 0.0174
20 0.0159 0.0156 0.0140 0.0105 0.0105 0.0133
25 0.0266 0.0259 0.0195 0.0261 0.0276 0.0251
3.3 Mechanical properties 225 m @ Tensilesrength |- 2.25¢10°
2004 . /I v T Conduetniy I 2.00x10*

Figure 6 presents the tensile strength of corn starch-NaHSO3 s \ / ‘\ I
SPE against the concentration of NaHSOs. A tensile test is useful %‘f isod ," \ P -;
in aim to determine the strength characteristics of tested material S bW, ‘\ @
[33]. The lowest tensile strength is 0.25 MPa at the film without salt ? %1 >\ e B zsmi g
and the highest tensile strength of SPE film is recorded at 5wt% of % "] j . o B Oomﬁ 3
the NaHSOs with a value of 2.11 MPa. These values continue to ~ Z %751 ’ \\\. 7ot g
decrease to the second lowest (0.65 MPa) at 25 wt% of salt. With = 050 ,’ so0xto” ©
addition 5 wt% of salt, the tensile strength is seen to have an increased 025 @ / - 2:50x10°
trend and further addition salt content its trend tends to decrease. opo @ ~ 7 —, : : . =l

0 5 10 15 20 25

The tensile strength trend follows the trend of conductivity up to
addition of 5 wt% salt, and afterward the trend continuously decreases
down with addition of 25 wt% salt. It can be understood that the
presence of sodium ions into the polymer matrix will lead to
improve the tensile strength of the bare film. This happens due to
the particles of sodium (Na) ions that can fill the matrix of SPE
membranes which led to the denser matrix. So, with some amount
of salt it can be seen that the strength of the matrix would be improved
at specific parameters. However, when the excess salt (more than
5 wt%) is added to the polymer electrolyte systems, the tensile
strength starts to decrease and this decrease trend can be observed
further until 25 wt% of NaHSOs. It is believed that the decrease in
the tensile strength of the complexes SPE films due to the effect of
excess amount of sodium bisulfite which play a major role to modify
the core structure of the system to be more crystal and brittle. This
happens due to the interruption between salt and intermolecular
polymer host to form new weak interactions which can decrease the
mixing entropy. The decreased entropy of mixing will make the
polymer membrane become less flexible and hard to manage. Thus,
decreasing the molecular movements would increase the crystallinity
and reduce the conductivity.

Young’s modulus and conductivity versus to different concentrations
of NaHSO3 is shown in Figure 7. The pattern of Young’s modulus
is similar to the pattern of tensile strength with the highest value of
Young’s modulus of SPE film is 2.6 x 10 MPa achieved in adding
5 wt% of NaHSOs. Further addition of sodium bisulfite (up to 25 wt%),
the Young’s modulus value continuously decreases down near to
0.020 MPa. The increased trend of elasticity in this study can be
explained that the addition of sodium salt in the bare film would not
only increase the ionic conductivity property but also could improve
the properties of amorphicity and enhance the flexibility of the film
membrane [34]. However, with excess amount of salt in the system,
it could also reduce the specific aspects which are measured, especially
on their ionic conductivity and mechanical properties. In this particular

(%o) weight of NaHS()J

Figure 6. The tensile strength and conductivity of corn starch-NaHSO3
versus the wt.% of NaHSO3.
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Figure 7. The Young’s modulus and conductivity versus salt content graph.

study, it can be seen that the film starts to have some good elasticity
properties after addition of 5 wt% and further adding salt (up to
15 wt%) their elasticity feature stays at near constant plateau value.
During this, the ionic conductivity of the film is at the highest value.
With more salt in the system, the elasticity of film begins to give
lower value and is similar to the conductivity trend.

The ductility of the material has been determined using the
equation (4) by getting the percentage of elongation for every SPE
film. The elongation at break for pure corn starch is 4.7%. Then, the
percentage is increased with the increase in sodium bisulfite content
in the SPE film. This can be observed when the percentage is 26.9%
corresponded to the corn starch doped with 5 wt% of NaHSOs. This
value was considered to be high compared to the other research.

J. Met. Mater. Miner. 31(2). 2021
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Table 3. Comparison of the mechanical properties of corn starch-NaHSO; prepared films in this work with other systems that were recorded.

AWANG, F. F., etal.

System Tensile strength Young’s modulus Elongation at break  Conductivity, ¢ References
(MPa) (MPa) (%) (Scm™?)
Corn starch- NaHSO, 2.11 0.026 26.9 2.22 x10* This work
PEO-MnO; (CPE) 1.27 - - 1.95 x 10 [34]
PEO-LITFSI (SPE) 2.3 times lower than - - 1.38 x 10 [34]
PEO-MnO, CPE (1.27)
Pure PEO - 1000 - 2x107 [35]
PEO- LiCIO, - 321 - - [35]
PEO- alumina - 1415 - - [35]
Starch-LiClO,4-Glycerol 0.91 +0.06 1.15 + 0.05 82.65+1.3 7% 10* [36]
Cellulose acetate- LiClO, 19.89 to 43.29 347.63 2.55t04.53 1.79 x 10* [37]
Pure PEO 0.99 - 509 15x107 [38]
1.02 457 4.6x10°
1.54 278 -
Cellulose acetate 19.89 1072.46 2.55 - [39]
Cellulose acetate-LiClO, 43.29 1753.69 4.52 4,90 x 103 [39]
Cellulose acetate-LiClO,-cellulose succinate 28.03 1284.12 2.85 1.35x 10 [39]

It can be seen that the addition of a small amount NaHSOs to the
SPE not only increases the conductivity but also improves mechanical
stability. Moreover, the elongation of films starts to decrease with
values 20.2% and 3.6% correlate to the addition of 10 wt% to 15 wt%
of NaHSOs. The addition of NaHSOs (20 wt% and 25 wt%) into
SPE would then influence the increase in the percentage elongation
of the samples with values of 15.9% and 26.5%.

As for comparison purposes, the values of mechanical properties
and conductivity of this research with other studies are tabulated in
Table 3. It can be observed that the result shows for corn starch-
NaHSOs films had a high conductivity and comparable mechanical
properties (TS = 2.11, E = 0.026 and elongation (%) = 26.9). Then,
it can be said that the tensile characteristics for most of the systems
would influence the conductivity values. These results are crucial
as a reference for future works.

4. Conclusions

In summary, a solid polymer electrolyte has been successfully
prepared by adding NaHSOz salt in corn starch mixture via the solution
casting technique. The films appeared in translucent. The presence
of 5 wt% of NaHSOs content within the corn starch matrix increased
the mechanical properties of SPE film from 0.26 MPa to 2.11 MPa
of tensile strength while Young’s modulus enlarged from 1.6 x 102
up to 2.6 x 102 MPa. There was found that the tensile strength and
Young’s modulus values tended to decrease with addition of NaHSO3
more than 5 wt%. This study emphasised that the adding NaHSO3
not only enhanced the electrical properties but it also altered the
mechanical properties of the film itself and it is understood that
these properties had a potential and advantageous not only in advanced
electronic applications but also in the packaging industry.

References

[1] M. F. Hassan, and N. S. N. Azimi, "Conductivity and transport
properties of starch/glycerin-MgSOs4 solid polymer electrolytes,"

J. Met. Mater. Miner. 31(2). 2021

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

International Journal of Advance and Applied Sciences,
vol. 6(5), pp. 38-43, 2019.

K. S. Ngai, S. Ramesh, K. Ramesh, and J. C. Juan, "A review
of polymer electrolytes: fundamental, approaches and
applications,” lonics, vol. 22(8), pp. 1259-1279, 2016.

M. F. Hassan, and N. Noruddin, "The effect of lithium
perchlorate on poly(sodium 4-styrenesulfonate): Studies
based on morphology, structural and electrical conductivity,"
Materials Physics and Mechanics vol. 36, pp. 8-17, 2018.
M. F. Hassan, and A. K. Arof, "lonic conductivity in PEO-
KOH polymer electrolytes and electrochemical cell performance,"
physica status solidi (a), vol. 202(13), pp. 2494-2500, 2005.
A. Karmakar, and A. Ghosh, "Structure and ionic conductivity
of ionic liquid embedded PEO- LiCF3SOs polymer electrolyte,”
AIP Advances, vol. 4(8), p. 087112, 2014.

L. K. Seng, "Preparation and characterization of solid polymer
electrolyte based on carboxylmethyl chitosan, ammonium
nitrate and ethylene carbonate.," The Eurasia Proceedings of
Science, Technology, Engineering & Mathematics (EPSTEM),
vol. 2, pp. 10-16, 2018.

T. Tiwari, N. Srivastava, and P. C. Srivastava, "lon dynamics
study of potato starch + sodium salts electrolyte system,"”
International Journal of Electrochemistry, vol. 2013, pp. 1-8,
2013.

F.F. Awang, M. F. Hassan, and K. H. Kamarudin, "Employing
an electrochemical impedance spectroscopy technique to
estimate the ion transport parameters in corn starch based
solid polymer electrolyte,” International Journal of Advanced
Research in Engineering Innovation, vol. 2(3), pp. 78-88, 2020.
M. F. Hassan, and H. K. Ting, "Physical and electrical
analyses of solid polymer electrolytes,” ARPN Journal of
Engineering and Applied Sciences, vol. 13, pp. 8189-8196,
2018.

C.W. Liew, and S. Ramesh, "Electrical, structural, thermal and
electrochemical properties of corn starch-based biopolymer
electrolytes,”" Carbohydrate Polymer, vol. 124, pp. 222-228,
2015.



[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Mechanical properties and ionic conductivity of biodegradable materials in solid polymer electrolyte

Z. Zhang, K. Xu, R. Xiaohui, Y-S. Hu, H. Li, X. Huang and
L. Chen, "Naz.4Zr18Mgo.2Si2PO12 filled poly(ethylene oxide)/
Na(CF3S022N as flexible composite polymer electrolyte for
solid-state sodium batteries," Journal of Power Sources, vol.
372, pp. 270-275, 2017.

P. K. Varshney, and S. Gupta, "Natural polymer-based
electrolytes for electrochemical devices: a review," lonics,
vol. 17(6), pp. 479-483, 2011.

K. H. Kamarudin, and M. I. N. Isa, "Structural and DC lonic
Conductivity studies of carboxy methylcellulose doped with
ammonium nitrate as solid polymer electrolytes," International
Journal of Physical Sciences, vol. 8(31), pp. 1581-1587, 2013.
M. N. Z. Mohd Sapri, and A. H. Ahmad "Conductivity and
FTIR studies on PEO- NaCFsSOs solid polymer electrolyte
films," Science Letters, vol. 10(1), pp. 11-13, 2016.

S. Shahrudin, and A. H. Ahmad, "Electrical analysis of corn
starch-based polymer electrolyte doped with NaCl," Solid
State Phenomena, vol. 268, pp. 347-351, 2017.

S. Shahrudin, and A. H. Ahmad, "Corn starch based biopolymer
electrolyte doped with NasPOa," Science Letters, vol. 10(2),
pp. 26-30, 2016.

S. Ramesh, and H. M. Ng, "An investigation on PAN-PVC-
LiTFSI based polymer electrolytes system," Solid State lonics,
vol. 192(1), pp. 2-5, 2011.

L. Othman, K. B. Md Isa, Z. Osman, and R. Yahya, "lonic transport
studies of gel polymer electrolytes containing sodium salt,"
Materials Today: Proceedings, vol. 4(4), pp. 5122-5129, 2017.
N. Drewett, J. Gdbmez-Camer, B. Acebedo, M. Galceran, and
T. Rojo, "Sol-Gel synthesized antimony anodes for sodium-ion
batteries: Identifying key parameters for optimization," Batteries,
vol. 3(4), p. 20, 2017.

D. R. Lu, C. Xiao, and S. Xu, "Starch-based completely
biodegradable polymer materials,”" Express Polymer Letters,
vol. 3(6), pp. 366-375, 2009.

H. M. A. Herath, and V. A. Seneviratne, "Electrical and thermal
studies on sodium based polymer electrolyte," Procedia
Engineering, vol. 215, pp. 124-129, 2017.

K. Sundaramahalingam, N. Nallamuthu, A. Manikandan, D.
Vanitha, and M. Muthuvinayagam, "Studies on sodium nitrate
based polyethylene oxide/polyvinyl pyrrolidone polymer
blend electrolytes," Physica B: Condensed Matter, vol. 547,
pp. 55-63, 2018.

K. Vignarooban, P. Badami, M. A. K. L. Dissanayake, P.
Ravirajan, and A. M. Kannan, "Poly-acrylonitrile-based gel-
polymer electrolytes for sodium-ion batteries," lonics,
vol. 23(10), pp. 2817-2822, 2017.

A. H. Ahmad, N. Hassan, and M. A. Abrani, "Preparation and
characterization of sodium binary system (Nal-NasPOa)
inorganic solid electrolyte,” lonics, vol. 20(3), pp. 389-397,
2013.

Z. Osman, K. B. Md Isa, A. Ahmad, and L. Othman, "A
comparative study of lithium and sodium salts in PAN-based
ion conducting polymer electrolytes,” lonics, vol. 16(5), pp.
431-435, 2010.

D. R. H. Jones, and M. F. Ashby, "Elastic Moduli," in Engineering
Materials 1, pp. 31-47, 2019.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

(35]

[36]

[37]

(38]

[39]

109

Y. Z. Ma, D. Sobernheim, and J. R. Garzon, "Glossary for
Unconventional Oil and Gas Resource Evaluation and
Development,"” pp. 513-526, 2016.

W. Younis, "Chapter 9: The stress analysis environment," in
Up and running with autodesk inventor simulation 2011, John
Evans, 2" ed., Elsevier inc., Philadelpha, 2010, pp. 235-275.
M. F. Hassan, N. S. N Azimi, K. H., Kamarudin, C. K., Sheng,
"Solid Polymer Electrolytes Based on Starch- Magnesium
Sulphate: Study on Morphology and Electrical Conductivity,"
ASM Science Journal Special Issue, pp. 17-28, 2018.

A. Ahmad, M. Y. A. Rahman, S. P. Low, & H. Hamzah (2011).
Effect of LiBF4 Salt Concentration on the Properties of
Plasticized MG49-TiO. Based Nanocomposite Polymer
Electrolyte. ISRN Materials Science, 2011, 1-7.

M. N. Chai, M. M. Chai, and M. I. N. Isa, "Mechanical
Properties of Carboxymethyl Cellulose-Oleic Acid Solid
Biopolymer Electrolyte," Materials Science Forum, vol. 929, pp.
186-190, 2018.

A. F. A. Ghani, G. Omar, M. Z. Sulaiman, A. Jumahat, and
J. Mahmud, "Elasticity deformation and failure modes behavior
of hybrid composite CFRP/GFRP under tensile loading,"
International Journal of Advanced and Applied Sciences, vol.
5(3), pp. 98-106, 2018.

M. Selvakumar, and D. Krishna Bhat, "LiClO4doped cellulose
acetate as biodegradable polymer electrolyte for supercapacitors,"
Journal of Applied Polymer Science, vol. 110(1), pp. 594-
602, 2008.

Y. Li, Z. Sun, D. Liu, Y. Gao, Y. Wang, H. Bu, M. Li, Y. Zhang,
G. Gao, and S. Ding, "A composite solid polymer electrolyte
incorporating MnO2 nanosheets with reinforced mechanical
properties and electrochemical stability for lithium metal batteries,"
Journal of Materials Chemistry A, vol. 4, 2020.

F. Peters, F. Langer, N. Hillen, K. Koschek, I. Bardenhagen,
J. Schwenzel, and M. Busse, "Correlation of mechanical and
electrical behavior of polyethylene oxide-based solid electrolytes
for all-solid state lithium-ion batteries,” Batteries, vol. 5(1),
pp. 26, 2019.

E. J. Vernon-Carter, J. Alvarez-Ramirez, L. A. Bello-Perez,
C. Roldan-Cruz, A. Garcia-Hernandez, and L. Huerta, "The
order of addition of corn starch/lithium perchlorate/glycerol
affects the optical, mechanical, and electrical properties of a
solid polymer electrolyte,” lonics, vol. 23(11), pp. 3111-3123,
2017.

T. Sudiarti, D. Wahyuningrum, B. Bundjali, and I. Made Arcana,
"Mechanical strength and ionic conductivity of polymer
electrolyte membranes prepared from cellulose acetate-lithium
perchlorate," IOP Conference Series: Materials Science and
Engineering, vol. 223, pp. 012052, 2017.

T. Kelly, B. M. Ghadi, S. Berg, and H. Ardebili, "In situ study
of strain-dependent ion conductivity of stretchable polyethylene
oxide electrolyte," Sci Rep, vol. 6, pp. 20128, 2016.

T. Sudiarti, D. Wahyuningrum, B. Bundjali, and I. M. Arcana,
"The effect of cellulose succinate on properties of polymer
electrolyte membranes prepared by blending cellulose acetate-
lithium perchlorate," International Journal of Engineering
Research and Application, vol. 7(9), pp. 41-45, 2017.

J. Met. Mater. Miner. 31(2). 2021



