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 This research is about solid polymer electrolyte (SPE) based on polyvinyl alcohol 
(PVA) synthesized using a solution casting technique by adding variations of 
sodium sulfite salt and glycerol as fillers to reduce the samples’ bulk resistance 
for electrochemical energy storage application. The method used is a quantitative 
analysis based on the test results. X-ray Diffraction (XRD) was used to determine 
the crystallinity and structure of the solid polymer electrolyte material. 
Interactions between Na+ ions from salts in SPE were analyzed using Fourier 
transform infrared (FTIR). The mechanical properties of the SPE samples were 
analyzed using tensile testing (ultimate tensile strength). Solid polymer 
electrolyte (SPE) ion conductivity was analyzed using electrochemical impedance 
spectroscopy (EIS) with temperature variations of 25, 40, 50, 60, and 70°C. The 
maximum SPE ionic conductivity value is 1.05 × 10-5 S cm-1 in a PVA-Glycerol-
Na2SO3 15% sample at 70°C. 

 

1. Introduction 

The level of energy consumption is impacted by the 
expanding human population [1]. In Indonesia, the 
primary energy source is still the usage of fossil fuels, 
particularly coal and oil [2]. In 2018, 311.6 MTOE of 
primary energy total was produced, including fossil and 
New and Renewable Energy. Liquefied natural gas (LNG) 
and coal exports account for 64% of the total Total 
Primary energy Production (TPEP). Moreover, Indonesia 
imported 43.2 MTOE of crude oil to be utilized in fuel oil 
production. The transportation sector accounts for 40% 
of Indonesia’s energy use, followed by the industrial 
sector, which uses 36%; the household sector, which uses 
16%; the commercial sector, which uses 6%; and other 
sectors, which use 2% [3]. The availability of fossil energy 
is decreasing due to large-scale fossil energy exploration. 

Furthermore, New Renewable Energy (NRE) is 
implemented as a fossil fuel availability solution. 
Increasing the use of NRE is accomplished by utilizing all 
available natural resources, such as rivers, sunlight, and 
wind. Hydroelectric power plants, solar power plants, 
wind power plants, and other power plants with 

renewable energy sources are examples of New and 
Renewable Energy Plants (NREP). The Indonesian 
government is expected to seek new and renewable 
energy sources to reduce the use of fossil fuels and be 
environmentally friendly [4]. Indonesia’s NRE target for 
the national energy mix in the year 2025 is 25%. As quoted 
from the secretariat of the cabinet of the Republic of 
Indonesia this is done to meet Indonesia’s commitment 
to reduce emissions by up to 29% by 2030 and achieve a 
clear goal of a cleaner and more sustainable energy 
system. Aside from the large sources of new renewable 
energy, one of the weaknesses of new renewable energy is 
its intermittent nature. The intermittent characteristic 
denotes the lack of consistent availability of NRE at the 
required moment. 

Energy storage technology is required to overcome 
the shortcomings of renewable energy. Energy storage 
systems comprise a variety of technologies and processes 
for storing mechanical, thermal, electrical, 
electrochemical, chemical, wind, and solar energy, 
among others [5]. Electrochemical storage, which 
includes capacitors, batteries, and supercapacitors, is the 
most used type of energy storage. Electrodes and 
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electrolytes are two of the main components of the energy 
storage system. The electrodes are positive (cathode) and 
negative (anode), and the electrolytes are liquid and solid. 

Polymer electrolytes are solid substances composed 
of elongated molecular chains known as polymers. 
Polymers that can conduct ions are known as electrolyte 
polymers, and this property makes them useful as 
building blocks for the creation of electrolytes. The 
purpose of these polymers is to incorporate ions that 
possess the ability to traverse their structure, hence 
enabling the transportation of ions during 
electrochemical reactions [6]. In contrast to liquid 
electrolytes, which possess the ability to flow and 
potentially experience leakage, polymer electrolytes 
exhibit stability and resistance to leakage owing to their 
solid state [7]. The ion conduction mechanism in polymer 
electrolytes entails the movement of ions through the 
polymer matrix through diffusion. 

In the electrochemical device, the movement of ions 
occurs between the positive and negative electrodes, 
facilitating the generation of an electric current. The 
regulated diffusion mechanism facilitates efficient ion 
transfer while mitigating the potential dangers 
associated with liquid electrolytes. For electrochemical 
storage devices, polymer electrolytes offer a safer and 
more stable alternative to liquid electrolytes [8]. Their 
solid composition, combined with strong ionic 
conductivity and controlled ion diffusion, makes them 
essential components for modern energy storage 
technologies. 

The mechanical characteristics of solid polymer 
electrolytes, specifically their flexibility, have an impact 
on their ionic conductivity [9]. The ions present in SPE are 
mobilized differently depending on the elasticity of SPE. 
Because of the SPE’s more amorphous crystal structure, 
ion transport is made easier the more elastic the SPE is 
produced. SPE’s amorphous crystal structure makes the 
cavities wider, allowing ions to move more freely and 
smoothly. In order to determine the mechanical 
characteristics of the SPE, a tensile test is required. The 
polymer polyvinyl alcohol (PVA) can be used as a polymer 
electrolyte [10, 11]. PVA is suited for usage as an 
electrolyte for green energy due to its hydrophilic and 
biodegradable characteristics [12]. 

The solid polymer electrolyte necessitates the 
addition of salt to enhance its ionic conductivity, while 
glycerol serves as a plasticizer to enhance the elasticity of 
the polymer’s structure [13, 14]. This, in turn, facilitates 
the transit of electrons, resulting in an increase in ionic 
conductivity up to 7.5 × 10−4 S cm−1 [15]. The objective of 
this study is to enhance the conductivity of polymer 
electrolytes based on polyvinyl alcohol (PVA) and glycerol 
by incorporating Na2SO3 salts, which are recognized for 
their exceptional compound stability and capacity to 
improve anodic current density [16]. 

2. Experimental 

2.1. Materials 

The materials employed in this study were polyvinyl 
alcohol (PVA), a water-soluble polymer obtained from 

Sigma Aldrich, glycerol (Himedia, 85%), sodium sulfite 
(Na2SO3) (Anhydrate, Pudak Scientific), and distilled 
water. 

2.2. Synthesis Stage 

Afterward, all the tools were cleaned with 96% 
ethanol to remove any contaminants after preparing the 
instruments and supplies. A 50 mL measuring cup was 
prepared, followed by the addition of 50 mL of distilled 
water. Subsequently, the cup was subjected to heat until it 
reached a temperature of 90°C. The subsequent procedure 
involved the addition of 1 gram of PVA and Na2SO3 salt to 
the solution, with increments of 0, 0.05, 0.1, 0.15, and 
0.2 grams. After that, a hot plate was used to stir the 
mixture until it was homogeneous. While the solution 
reached homogeneity, 0.5 grams of glycerol were 
introduced. The quantity of glycerol was carefully 
adjusted to achieve the optimal composition, serving 
several purposes: it acted as a plasticizer, enhanced ionic 
conductivity, adjusted viscosity, and provided beneficial 
solvent properties. The temperature was then reduced to 
room temperature and stirred for 24 hours. The solution 
was poured onto the petri dish using the Teflon casting 
method and dried in the oven for 12 hours prior to use. 

2.3. Testing Stage 

Both characterization testing and performance tests 
were run as part of this investigation. The performance 
testing was carried out utilizing electrochemical 
impedance spectroscopy (EIS) with the AutoLab system 
and tensile tests with the ZwickRoell. Each sample 
underwent three runs of the performance test for each 
type of test conducted on the samples. The ionic 
conductivity value of the sample was calculated by 
measuring its resistance on the Nyquist plot analysis. 
Meanwhile, the Ultimate Testing Machine (UTM) was 
used for tensile testing. When conducting ionic 
conductivity tests for polymers, it is essential to maintain 
operating conditions that support environmental 
humidity. This is because humidity can significantly 
influence the conductivity values of materials by affecting 
ion mobility and potentially causing polymer degradation 
[17]. A glove box and desiccator were utilized for storage 
and a crimped cell was employed for testing to prevent 
moisture from entering throughout the experiment. 

 

Figure 1. The physical observation of the PVA and 
glycerol synthesis with different amounts of Na2SO3 
added (a) 0%, (b) 5%, (c) 10%, (d) 15%, and (e) 20% 
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Figure 2. The XRD diffractogram of the PVA-
Glycerol/Na2SO3 film with salt and pure SPE added 

For the parameters and equipment used during the 
analysis, Fourier Transform Infrared (FTIR) spectroscopy 
measurements were conducted using a Thermo Scientific 
Nicolet iS5 spectrophotometer equipped with an ATR iD7 
accessory. The measurements were taken over a 
wavenumber range of 4000 to 400 cm−¹. X-ray diffraction 
(XRD) patterns were recorded using Olympus BTX-534 
with Cu-Kα for 2θ measurements ranging from 5° to 90°. 
Fourier Transform Infrared (FTIR) spectroscopy, a 
powerful analytical technique, was employed to identify 
functional groups in molecules based on their absorption 
of infrared radiation. 

3. Results and Discussion 

3.1. SPE Synthesis Results 

Solution casting is a synthetic technique used to 
create solid polymer electrolytes (SPEs). In this process, 
the host polymer, additives, salts (ionic dopants), and 
solvents that constitute an SPE were mixed and 
gelatinized. The resulting mixture was then cast into petri 
dishes to form the final product. PVA serves as the host 
polymer, glycerol as an additive, sodium sulfite salt as an 
ionic dopant, and distilled water as the solvent. In this 
investigation, the salt ratio in every sample was 
considered when modifying the SPE. SPE’s ionic 
conductivity is improved by the salt. There were five 
different ways to apply salt: 0, 0.05, 0.1, 0.15, and 0.2 g. 
To hydrolyze the Na2SO3 salt and produce Na+ and SO3

2− 
ions, the polymer and salt must be dissolved in distilled 
water at 90°C until homogenous. 

Table 1. FWHM value calculation results on SPE 
variations 

PVA-Glycerol-Na2SO3 (%) FWHM 

0 11.981 

5 21.494 

10 22.647 

15 27.440 

20 20.988 

 

Figure 3. The XRD diffractograms of (a) Na2SO3 salt and 
(b) PVA 

After becoming homogeneous, the solution’s 
temperature was decreased to room temperature, and the 
glycerol was added dan stirred for 24 hours. The 
gelatinization process was carried out using a hotplate. 
A homogenous solution was created in a petri dish with a 
90 mm diameter and 15 mm side height. SPE films were 
then created by drying the SPE solution for 12 hours at 
50°C. Before testing was done, the produced film was then 
placed in a plastic clip for storage. According to the results 
of the synthesis, the amount of salt added had an impact 
on the physical characteristics of SPE. With more salt 
applied, SPE film becomes more fragile and less elastic 
[18]. There is no visible color shift on the SPE film for all 
samples with varying salt variations (Figure 1). Further 
effects of salt addition on the SPE film were investigated 
through characterization and performance tests in the 
following stage. 

3.2. XRD Test Results 

SPE sample variations in crystal structure were 
examined using XRD. The interaction between the PVA 
polymer and salt causes changes in the crystal structure 
of the SPE. The ionic conductivity of the sample is 
influenced by its crystal structure, with higher levels of 
amorphousness correlating to increased ionic 
conductivity [19]. XRD analysis was performed on SPE, 
PVA, and Na2SO3 salt. Figure 2 presents the findings of the 
XRD characterization test. Diffraction graphs for the SPE, 
salt, and PVA polymer samples demonstrate distinct 
discrepancies in the test results. Specifically, the largest 
diffraction peaks for the Na2SO3 salt were observed at 2θ = 
26.7°, 37.3°, and 48.05°. In contrast, diffraction peaks for 
pure PVA polymer were found at 2θ = 6.15°, 12.7°, 18.3°, 
22.6°, 25.75°, 31.9°, and 47.4°. 

Compared to pure PVA polymer powder, SPE film 
made from PVA polymer exhibits a lower diffraction peak. 
This demonstrates that the manufactured SPE film 
samples are amorphous. The PVA polymer’s crystal 
structure finally transformed into an amorphous state 
due to the release of the OH chain and the viscosity rising 
during the gelatination process. The crystal structure of 
SPE changes due to the addition of the Na2SO3 salt. This 
discrepancy in diffraction peaks between pure PVA and 
PVA-Glycerol-Na2SO3 is illustrated in Figure 3. Pure PVA 
polymer has a diffraction peak at 2θ = 31.9°; however, the 
PVA-Glycerol-Na2SO3 sample lacks a diffraction peak at 
that corner. In the PVA-Glycerol-Na2SO3 sample with 
changes of salt above 0%, the peak expands at 2θ = 18.3°, 
25.75°, and 47.4°, demonstrating the difference at those 
angles. 
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Figure 4. FTIR spectra of (a) PVA-Glycerol-Na2SO3 with various amounts of salts (b) Na2SO3 enlargement 

 

Figure 5. Graph of tensile strength and elongation test of 
PVA-Glycerol-Na2SO3 with variations of 0% and 15% salt 

The release of the OH chain during the SPE synthesis 
process was responsible for broadening the diffraction 
peaks. The crystal structure of the 0% PVA-Glycerol-
Na2SO3 SPE sample was altered by the addition of the 
Na2SO3 salt. Changes in crystal structure are located at 
angles 2θ = 18.3°, 25.75°, and 47.4°, indicating the 
presence of diffraction peaks in the 0% PVA-Glycerol-
Na2SO3 samples. However, diffraction peaks at these 
angles are absent in 5% PVA-Glycerol-Na2SO3, PVA-
Glycerol-Na2SO3 10%, PVA-Glycerol-Na2SO3 15%, PVA-
Glycerol-Na2SO3 20%. These modifications show that salt 
makes the SPE structure more amorphous [20, 21]. 

Utilizing the OriginLab application to measure the 
full-width half maximum (FWHM) value revealed 
significant differences attributable to variations in salt 
content across samples. As the amount of salt increased, 
the FWHM value also increased, reaching a maximum of 
27.439 in the 15% PVA-Glycerol-Na2SO3 sample. This 
trend indicates that the SPE sample adopts a more 
amorphous phase with enhanced conductivity, ductility, 
and stability. These characteristics are reflected in a 
larger FWHM value and lower crystallinity. The 
increment of the amorphous phase led to increasing ionic 
conductivity due to the relaxation of the matrix polymer 
and allowed ion movement easier [22]. Nevertheless, the 
FWHM value exhibited a decline in the 20% sample, 
primarily due to the increase of crystallization degree by 
salt addition. This occurred because the host polymer in 
the SPE sample was unable to accommodate the 
additional salt [23]. 

3.3. FTIR Test Results 

The functional groups present in the SPE sample 
were identified using FTIR testing. A test is conducted to 
determine whether the addition of Na2SO3 salt to the SPE 
sample results in the formation of new functional groups 
or the loss of existing ones due to the breaking and 
forming of chemical bonds. A spectrum graph displaying 
changes in transmittance for each infrared radiation wave 
represents the findings of the FTIR characterization test 
[24, 25]. The FTIR test results in this investigation 
revealed an infrared spectrum with wavelengths ranging 
from 600 cm-1 to 4000 cm-1. The spectrum produced in 
this study was compared with reference research and 
compound spectrum correlation tables to ensure the 
presence of functional groups in the FTIR test results. 
Figure 4 displays the FTIR spectra of this study’s result. 

The remaining O-H and C-H bond region (between 
2500 and 4000 cm-1), the double bond region (1500 and 
2000 cm-1), the triple bond region (between 2000 and 
2500 cm-1), and the fingerprint region (between 600 and 
1500 cm-1) are the four regions that make up the FTIR 
spectra. The O-H stretching functional group is detected 
as having a broad absorption region at wavenumber 
3291 cm-1 in the spectrum of sample 0% absorbing region. 
This absorption falls within the single bond region, 
encompassing all such bonds. The asymmetrically 
stretched C-H functional group has an absorption region 
at wavenumber 2917 cm-1. No functional group 
absorption zones exist in the triple bond region, which 
has wavenumbers between 2000 and 2500 cm-1. This 
demonstrates that functional groups with triple bonds are 
absent in the SPE synthesis’s final products. 

Additionally, the FTIR peaks in this region exhibit a 
shifting pattern when Na2SO3 is combined with PVA as a 
composite. The observed shifting could potentially 
signify a hydrogen bonding interaction between the 
polymer matrix and salt, as polyvinyl alcohol is a 
repeating unit polymer that contains hydroxyl (-OH) 
groups that establish hydrogen bonds. Several functional 
group absorption regions were identified in the 
fingerprint area of the spectrum. These include the 
bending vibration of the CH2 functional group at a 
wavenumber of 1248 cm−¹ and the stretching vibration of 
C-H at a wavenumber of 1437 cm−¹, originating from CH2 
in the PVA backbone. Additionally, stretching vibrations 
of C-O were observed at a wavenumber of 1035 cm−¹, 
characteristic of PVA polymers. 
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Table 2. Ionic conductivity value at elevated temperature 

PVA-Gliserol-
Na2SO3 (%) 

Ionic conductivity (S cm-1) 

25°C 40°C 50°C 60°C 70°C 

0 1.35 × 10-6 1.57 × 10-6 2.14 × 10-6 4.01 × 10-6 4.34 × 10-6 

5 1.03 × 10-5 1.09 × 10-5 1.14 × 10-5 1.58 × 10-5 1.79 × 10-5 

10 1.93 × 10-5 2.39 × 10-5 2.50 × 10-5 3.58 × 10-5 4.15 × 10-5 

15 3.45 × 10-5 3.91 × 10-5 4.22 × 10-5 4.71 × 10-5 1.05 × 10-4 

20 2.35 × 10 -5 2.94 × 10-5 3.23 × 10-5 3.88 × 10-5 6.36 × 10-5 

 

Figure 6. Nyquist plot of PVA-Glycerol-Na2SO3 samples 
at room temperature (25°C) 

Furthermore, an absorption region at a wavenumber 
of 611 cm−¹ was noted in samples containing salt, 
attributed to the SO3

2− functional group from the salt 
compound. From these results, it is evident that the 
addition of salt alters the functional groups compared to 
the 0% sample. The degradation of the magnitude of the 
crystalline band in the region of 1437 cm−¹ suggests that 
the CH2 functional group is weakening due to the salt 
addition. This observation is further supported by the 
XRD results, indicating that weakening the CH2 bond in 
PVA leads to the degradation of crystallinity in the 
sample. 

3.4. Tensile Strength Results 

The SPE samples in this investigation were evaluated 
three times for the most and the least amorphous SPE 
variations. The 15% PVA-Glycerol-Na2SO3 sample was 
identified as the most amorphous SPE variation, whereas 
the 0% PVA-Glycerol-Na2SO3 sample was considered the 
least amorphous. The tensile test chart and the elongation 
chart are then updated with the average value of the test 
results. The difference between the samples for each SPE 
modification in Figure 5 highlights the relationship 
between the material’s UTS and elongation value. The 
amount of salt added to the SPE sample significantly 
impacts both the UTS value and its elongation: as more 
salt is added, the UTS decreases. Conversely, the 
elongation value increases with the addition of salt, 
exhibiting an inverse correlation with UTS. For instance, 
when salt was introduced to the 15% PVA-Glycerol-
Na2SO3 sample, the UTS value decreased from 18.9 MPa in 

the 0% PVA-Glycerol-Na2SO3 sample to 7.033 MPa. 
Meanwhile, the elongation value increased from 346.5% 
for the 0% PVA-Glycerol-Na2SO3 sample to 792.1% for 
the 15% PVA-Glycerol-Na2SO3 sample with the addition 
of salt. 

These results show that Na2SO3 plays a crucial role in 
altering the mechanical properties of the sample, 
particularly the UTS and elongation values. The increased 
salt concentration resulted in a notable reduction in UTS, 
while also raising the elongation value. This can be 
attributed to the higher degree of crystallinity in the XRD 
data. The increment in crystallinity degree observed in 
the XRD data suggests that the higher concentration of 
salt promotes more ordered packing of polymer chains 
that contribute to stronger polymer chain interaction 
[26]. 

3.5. EIS Test Results 

The analytical emphasis of this test is directed 
towards the determination of bulk resistance values 
derived from the Nyquist plot generated by the Nova 
application. A graph known as the Nyquist plot displays 
impedance value data (Z), which is made up of real 
impedance (Z’) and imaginary impedance (Z”). Figure 6 
shows the Nyquist pattern obtained from EIS testing for 
all samples at room temperature, with frequencies 
ranging from 10 Hz to 106 Hz. Semicircle curves and linear 
curves can be seen in the Nyquist plot findings. A high 
frequency can be found in the semicircle curve shown in 
Figure 6. This suggests that there has been an ion 
transfer. Conversely, the linear curve in Figure 6 indicates 
a diffusion process at low frequency. The 0% PVA-
Glycerol-Na2SO3 sample has the greatest semicircle curve 
in the illustration. 

Meanwhile, the semicircle curve is substantially 
smaller in PVA-Glycerol-Na2SO3 with salt addition. 
A slower ion transport is shown by a wider resultant 
semicircle curve, which also implies a higher resistance 
value. The semicircle curve formed in the PVA-Glycerol-
Na2SO3 sample with salt addition is significantly smaller 
than the semicircle curve formed in the PVA-Glycerol-
Na2SO3 sample without salt addition. This demonstrates 
that adding salt to the sample significantly reduces its 
resistance. The distance on the impedance axis (Z’) 
between the semicircle curve’s first and final 
intersections is known as bulk resistance (Rb). The Rb 
value was calculated using the Nova application’s circle fit 
approach, t and A correlate with thickness and area, 
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respectively, and the ionic conductivity value was 
calculated using Equation (1). 

 𝜎 =
𝑡

𝐴×𝑅𝑏
 (1) 

Table 2 shows that the sample containing 0% PVA, 
glycerol, and Na2SO3 had the highest bulk resistance, with 
an ionic conductivity of 1.35 × 10-6 S cm-1. After the 
addition of Na2SO3 salt, the resistivity of the sample 
decreased. The interplay of Na+ ions from the polymer’s 
salts and an increase in ionic conductivity causes a 
reduction in resistance. In SPE, the Na+ cation has a weak 
interaction with O−, allowing it to migrate freely from one 
open site to the next to create an ionic conduction 
mechanism [27, 28]. The ionic conductivity value 
increases as the salt content in SPE increases because 
more ions are concentrated in the SPE matrix [21, 29]. 

The 15% PVA-Glycerol-Na2SO3 sample, according to 
the testing results, has the lowest bulk resistance value of 
1840.915 Ω and the highest ionic conductivity value of 
3.45 × 10-5 S cm-1 at room temperature. After 20% salt 
addition, the ionic conductivity significantly drops due to 
the salt concentration being overcrowded in the polymer 
matrix so that ion mobility decreases [29]. The ionic 
conductivity of the sample progressively falls due to the 
reduction in ion mobility. Based on the XRD data, 20% salt 
addition, the crystallinity is increased and leads to a 
reduction in the ionic conductivity. At a certain amount of 
salt, the salt could act as a diluent for the polymer chain. 
After the optimum condition, excessive salt addition can 
lead to the agglomeration of salt particles, creating 
barriers within the polymer matrix that restrict the 
movement of ions. 

 

Figure 7. The trend of change in ionic conductivity at 
elevated temperatures 

In this work, EIS testing was done at high 
temperatures to observe how the materials’ ionic 
conductivity values changed as the temperature rose. 
According to Table 2, at a temperature of 70°C, the sample 
15% had the highest conductivity value, with an ionic 
conductivity value of 1.05 × 10-5 S cm-1. Figure 7 depicts the 
trend of conductivity values changing as the temperature 
changes. Figure 7 illustrates the changes in ionic 
conductivity as temperature increases. The graph clearly 
shows a direct correlation between rising temperature 
and increasing ionic conductivity. As the temperature of 
the SPE increases, its resistance decreases. This 
phenomenon occurs because the bonds between Na+ and 
O− ions are more easily loosened at higher temperatures, 
thereby enhancing ion mobility. 

The Arrhenius model can be used to study the rise in 
ionic conductivity that is influenced by variations in 
temperature. The link between ionic conductivity and 
activation energy is explained by Arrhenius modeling 
(Ea). Using the Arrhenius equation, it is possible to 
determine the activation energy (Equation (1)), the slope 
can be calculated through linear fit from Equation (2) 
from -Ea divided by R. 

 𝑙𝑛 𝜎 =  
−𝐸𝑎

𝑅𝑇
+ ln 𝐴  (2) 

Equations (1) and (2) show that the sample’s ionic 
conductivity value is inversely proportional to the 
activation energy level. Ionic conductivity values decrease 
as activation energy increases and vice versa. Obtaining 
the activation energy value involves analyzing the slope 
(gradient) of the log plot for ionic conductivity with 
respect to 1000/T. 

 

Figure 8. The link between the inverse temperature of 
1000/T and the logarithm of ionic conductivity (K-1) 

Table 3. Energy activation for the PVA-Glycerol-Na2SO3 sample 

PVA-Gliserol-Na2SO3 (%) Gradient Ea (J/mol) 

0 -2.965 24.645 

5 -2.116 17.591 

10 -2.047 17.017 

15 -1.306 10.860 

20 -1.761 14.641 
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Activation energy refers to the amount of energy 
required to break bonds in chemical compounds and 
create new ones. The capacity of ions to exit and migrate 
inside the polymer matrix is intricately linked to this 
phenomenon. Table 3 indicates a decreasing trend in 
activation energy because of salt addition. The observed 
decrease in activation energy indicates that ion transfer is 
characterized by rapid and facile occurrence. Moreover, 
the reduced energy activation condition facilitates the 
facile migration of the Na+ ion within the polymer matrix 
[30]. 

4. Conclusion 

The crystal structure of polyvinyl alcohol (PVA) 
becomes amorphous when SPE is synthesized from it. The 
SPE sample with 15% Na2SO3 was the most amorphous, 
with high conductivity, ductility, and stability. The tensile 
strength of SPE decreases with the addition of salt when 
Na2SO3 salt is added becomes 7.033 MPa, but its 
elongation value increases achieve 792.1%. The effect of 
adding salt to SPE reduces the samples’ bulk resistance. 
The ionic conductivity value progressively rises as the 
resistance value declines. The 15% PVA-Glycerol-Na2SO3 
SPE sample had the highest ionic conductivity, measuring 
1.05 × 10-4 S cm-1 at 70°C. 
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