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KEYWORDS Abstract In this work, the free-standing plasticized solid polymer electrolyte films were made uti-
Polymer blends; lizing methylcellulose (MC) and dextran (DN) doped with ammonium fluoride (NH4F) and plasti-
Ammonium salt; cized with glycerol by a typical solution casting approach. Based on the characterizations, MC-DN-
FTIR study; NH,F electrolyte has been shown to improve the structural, electrical, and electrochemical proper-
EIS and EEC modeling; ties resulting from the dispersion of glycerol plasticizer. The electrochemical impedance spec-
TNM and LSV troscopy (EIS) measurement for the highest inclusion of plasticizer revealed a conductivity of

2.25 x 107 S/cm. The electrical equivalent circuit (EEC) model has established the circuit elements
for each electrolyte. The variation trend of dielectric constant and DC conductivity was matched
and confirmed by the EIS data. The fourier transform infrared (FTIR) analysis displayed credible
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confirmation of polymers-ion-plasticizer interactions. The dielectric study is extra highlighted the
conductivity behavior. The dielectric constant and loss (¢' and €”) quantities were reported to be
high at low frequencies. On the other hand, the irregular shape of the imaginary part of modulus
(M*) spectra denotes the non-Debye behaviors of relaxation. The ion transference number (to,)
value for the maximum plasticized system is 0.944, where the ions are the primary components
for the charge transfer process. Stability of the highest conducting sample is determined to be

1.6 V, using linear sweep voltammetry (LSV).
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Electrochemical capacitors (ECs), also known as supercapacitors
(SCs), are now being studied extensively due to their unique properties
in terms of energy and power densities. ECs are electrical devices that
can accumulate and share out charges in an extremely reversible man-
ner (Yang et al., 2010). For decades, SCs have been employed in a
diversity of applications including, common household electronics,
vehicles, medical devices, and defense-related systems (Kumar et al.,
2012). Unlike batteries, supercapacitors offer a very much longer ser-
vice life and high cycling capabilities without sacrificing energy storage
capacity. SCs are available in two configurations; symmetric (elec-
trodes have the same capacitance) and asymmetric (electrodes with
varying capacitance). Whereas, an asymmetric capacitor may possess
a pair of separate pseudocapacitive electrodes or a double-layer elec-
trode plus pseudocapacitive electrode (Gao and Lian, 2014). SCs are
categorize according to their charge storage mechanism. It can be
divided into pseudo capacitors (PCs), hybrid capacitors (HCs), and
electrical double-layer capacitors (EDLCs). Pseudo capacitor stores
energy by transferring charge between electrolyte and electrodes
through Faradaic mechanisms while (EDLC) stores energy electrostat-
ically at the interfaces between electrolyte and electrodes as charge sep-
aration using non-Faradaic mechanisms. However, (HCs) combine
(PCs) and (EDLCs) methods (Nofal et al., 2020; Iro et al., 2016;
Kiamahalleh et al., 2012).

Polymer electrolytes (PEs) have gotten a lot of interest since they
could be used in electrochemical devices. It has a lot of compensation,
including strong mechanical qualities, the capability to create appro-
priate electrode—electrolyte interactions, and its ease to film fabrica-
tion. These features make it possible to be employed in a variety of
electrochemical device applications (Ahmed and Abdullah, 2020;
Khiar et al., 2006). The majority widespread polymer electrolytes con-
sist of neutral polar polymers, which it is complex with alkali metal
salts, including ammonium and lithium salts, divalent transition met-
als, and acids. The key commonly researched biopolymer electrolytes
are cellulose and its derivatives (Shuhaimi et al., 2012; Dueramae
et al., 2020), chitosan (Hadi et al., 2020), dextran (Hamsan et al.,
2019), and starch (Shukur et al., 2013). A methylcellulose (MC) is a
water-soluble biopolymer made up of B (1-4) glycosidic units in its lin-
ear chain and substituting with a methyl group. MC possesses a variety
of exceptional properties for instance non-toxic, low-cost, and oxygen-
containing atoms with electron pairs that allow salt cations to interact
with the polymer in a loose manner. These properties provide inspira-
tion for research on methylcellulose-based polymer electrolytes (Nofal
et al., 2021; Shuhaimi et al., 2010). On the other hand, dextran (DN)
ensures the ability to operate as an ionic conductor by the presence
of two important functional groups (-OH) and glycosidic bonds. It
is attained from Leuconostoc mesenteroides bacterial cultures
(Hamsan et al., 2020; Dumitrascu et al., 2012). In this study, a simple
technique of polymer blend has been used in which two or more poly-
mers are combined to generate a better material. This is due to the
functional groups of each polymer interacting with one another, pro-
viding additional ion routes (Aziz et al., 2021). Recent studies have
shown that biodegradable polymer electrolytes have the potential to
be used in energy conversion devices. Our earlier studies for the

MC-DN blend polymers proved their suites in the development of
high-performance electrochemical devices (Hadi et al., 2022; Aziz
et al., 2022). In particular, methylcellulose-based electrolytes possess
a relatively high energy density which is almost close enough to lead-
acid batteries (Aziz et al., 2022).

Many ionic sources could be used in solid polymer electrolyte
applications like potassium, sodium, lithium, silver, and ammonium
salts. Ammonium fluoride (NH4F) has been employed in the construc-
tion of proton conducting MC-DN polymer mix electrolytes in this
study. Since ammonium salts have excellent ionic conductivity, com-
patibility with other elements, and thermal stability, they have been
studied as a possible source of a proton (H ). Inorganic acids can also
provide proton (H™) like phosphoric acid (HsPO,) and sulfuric acid
(H,SOy4) while their chemical breakdown is not beneficial for energy
storage applications (Prajapati et al., 2010; Asnawi et al., 2020;
Hamsan et al., 2020). The NH4F salt has been shown to increase the
ionic conductivity of an electrolyte system by up to 102 S/cm as
reported by Hamsan et al. (Ikmar Nizam Mohamad Isa et al., 2014).
Furthermore, it has also been noted that adding NH4F salt enhanced
the ionic conductivity for the carboxymethylcellulose (CMC) based
polymer electrolytes, as reported by M. A. Ramli and M.LLN Isa
(Aziz et al., 2021). It was proven that the ionic conductivity is
enhanced in the plasticization methodology by providing more path-
ways for ions to move comfortably, resulting in high salt dissociations.
There has been numerous research published in the literature that has
generated polymer electrolytes with varied glycerol contents (Chai and
Isa, 2016; Mustafa et al., 2020; Hadi et al., 2020). Lately, sophisticated
models for calculating ion transport parameters based on EIS and
dielectric relaxation theories were reported (Nofal et al., 2021;
Shuhaimi et al., 2010; Aziz et al., 2022). Thereby, in this study, the
influence of various glycerol concentrations on ion transport properties
of the MC-DN-NH,F-based polymer electrolyte will be investigated.
Then, the eligibility of the prepared polymer based electrolyte for
energy device application will be explored using various electrochemi-
cal analysis techniques.

2. Experimental details

2.1. Raw materials and sample preparation

As provided by Sigma-Aldrich (Kuala Lumpur, Malaysia) and
to fabricate the electrolytes, methylcellulose (MC), dextran
(DN), ammonium fluoride (NH4F), and low molecular weight
of glycerol plasticizer were used. At ambient temperature, each
of 40 wt% of DN (0.4 g) and 60 wt% of MC (0.6 g) were dis-
solved in two different containers in a 1 % solution of acetic
acid (50 mL) for about 2 h to synthesize the MC-DN blend
polymer. Later, by dissolving a specific amount of NH4F
(40 wt%), polymer electrolytes based on MC-DN-NH4F were
obtained. Following that, the solutions were mixed and stirred
for approximately 4 h with a magnetic stirrer to achieve a
homogeneous solution. After that, glycerol was gradually
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added to the MC-DN-NH4F mixture, with varying the quan-
tities from 14 to 42 wt% in steps of 14 wt% during continuous
stirring, which to yielded plasticized solid polymer electrolytes.
The MC-DN-NH,F electrolytes containing 14, 28, and 42 wt
% of glycerol were coded as PBGF1, PBGF2, and PBGF3,
respectively. After that, the whole electrolytes were left at
room temperature in the designated Petri dishes for slow evap-
oration, so the solution casting process was carried out.
Finally, the dried films were put into a desiccator to ensure
complete evaporation.

2.2. Characterization techniques

The FTIR spectra ranging from 500 to 4000 cm ™' with a res-

olution of 1 cm ™" were obtained using Spotlight 400 spectrom-
eter (Perkin Elmer, Waltham, MA, USA) to established the
synthesis of the plasticized polymer blend electrolyte. Using
a 3532-50 LCR HIiTESTER (HIOKI, Nagano, Japan), elec-
trochemical impedance spectroscopy (EIS) was utilized to
investigate the materials’ electrochemical characteristics. The
thickness of the electrolytes was installed between a pair of
stainless-steel (SS) electrodes and set at 150—152 pA. After con-
necting the cell to a computer, it was programmed to derive the
complex (Z*) impedance spectroscopy’s real (Z’) and imagi-
nary (Z*) components. Using a polarized SS/uppermost con-
ducting electrolyte/SS cell and a voltage of 02 V,
transference number measurement (TNM) computed the ion
and electron transference numbers (t;,, and te)). To determine
the sample’s transport numbers, a DP 3003 Digital DC power
supply was used at room temperature (V & A instrument,
Shanghai, China). A Digi-IVY DY2300 potentiostat was used
for linear sweep voltammetry (LSV) to determine the highest
conducting system maximum working potential. TNM and
the cell layout were accurately matched.

3. Results and discussion

3.1. Impedance analysis

EIS is a widespread device for evaluating the ionic conductiv-
ity and electrical characteristics of original materials in electro-
chemical device applications. Because of their wide range of
uses as energy storage devices, ion conducting materials have
received much interest in recent years. A semicircle and a spike
in polymer electrolytes impedance responses at high and low
frequencies, respectively, are common observations. Fig. |
demonstrates the impedance plot (Z; vs Z,) for the MC-DN-
NH4F containing various concentrations of glycerol
(Awasthi and Das, 2019).

As an EIS was examined, a simple electrical equivalent cir-
cuit (EEC) model was chosen since it provides a clear image of
the system. Usually, EEC is composed of a constant phase ele-
ment (CPE) comprising bulk resistance (R)) for the charge car-
riers. Impedance spectrums for circuits containing capacitors
and resistors in parallel must be semicircle in shape, with a
diameter that corresponds to the real axis. Because there is
no semicircle at higher frequencies, ions are most likely respon-
sible for conduction, according to the findings in this study. At
the blocking electrodes, an electrical double-layer capacitance
causes a linear line to appear at low frequencies. It is notewor-
thy that the glycerol plasticizer is responsible for the absence of

semicircles at high frequencies, as shown in Fig. 1 (a-c). The
impedance of CPE (Zcpg) is calculated using the following
relation (Aziz et al., 2021; Aziz et al., 2020; Malathi et al.,
2010):

o= by os(2) - () f

Where C stands for the capacitance, w denotes the angular
frequency, and P represents the plots’ deviation measure. CPE
is linked in series with the bulk resistance of samples in our
study, and their EIS responses show simply the spike. The fol-
lowing equation, which contains only a spike, can be used to
represent the real (Z’) and imaginary (Z*) components of
impedance:

_p 08 (3)
Z=Rt @)
,_sin (%)

Table 1 lists the P and CPE values for the MC-DN-NH4F
containing various glycerol content. The rise in free ion num-
ber in the electrolyte systems may explain the elevated CPE
levels with the increment of glycerol. Consequently, the elec-
trode polarization (EP) acceleration increases, resulting in a
higher capacitance value at low frequencies. Therefore, the
insertion of glycerol supports salt dissociation and increases
ionic mobility.

It is crucial to apply the following equation to obtain the
(04c O4c) 1onic conductivity for the MC-DN-NH4F containing
different glycerol concentrations based on the (R,) value
(Maheshwari et al., 2021; Hadi et al., 2020; Nik Aziz et al.,
2010):

1

Ode = H <[4l “

Where ¢ stands for the thickness of the sample, and A
denotes the area of the electrode. The (o,.) ionic conductivity
values for the MC-DN-NH4F-glycerol systems are summa-
rized in Table 2. It has been shown that rising the glycerol plas-
ticizer from 14 to 42 wt% enhances the (o) from 1.62 x 107
S/em to 2.65 x 107 S/em. The glycerol ratio is vital in improv-
ing the electrolyte’s ionic conductivity (see Table 2) (Brza et al.,
2021). The conductivity is governed by two factors a number
of charge carriers and ionic movements. In this study, a charge
carrier density of 42 wt% of glycerol was found to be optimal.
The relationship between (o) of the electrolytes and ions
mobility and ions density is well-understood and represented
as follows:

o= mqu ®)

Where, (1) denotes the density of the charge carriers, ¢
stands for the simple charge, and the mobility of the ions is
denoted by (n). As predicted, a rise in both 1 and g in the elec-
trolytes improves ionic conductivity.

Many equations are used in this study to calculate transport
parameters from impedance data that only contained a spike,
such as (n), diffusion coefficient (D), and (x). Here are the for-
mulae that were used to compute the D:

D= Doexp{ —0.0297[InD,)*> — 1.4348inD, — 14.504} (6)



containing various glycerol concentrations.

Sample code pl k1 CPEl1
PBGF1 0.53 173,800 5.75 x 107
PBGF2 0.48 14,900 6.71 x 107
PBGF3 0.36 11,200 8.93 x 107
4K P
Dy=|—5— (7)
Rb wmin}

Where the thickness of the electrolyte is represented by (/),
and the angular frequency at the minimum (Z;) value is
denoted by (wpmi,)- In addition, equation (8) is utilized to com-
pute ionic mobility (Turhan et al., 2001):

eD
— 8
=) ®)
Here, the Boltzmann constant is indicated by (K,) while the
absolute temperature is represented by (7). Since the (og.) is

known, the equation (5) can be used to compute the ions den-
sity (n). It can be noticed that the value of D increased consid-
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Fig. 1 Impedance spectroscopy plots for the MC-DN-NH4F containing different glycerol concentrations (a) PBGF1, (b) PBGF2, and
(c) PBGF3.
Table 1 The P and CPE values for the MC-DN-NH4F Table2 Impact of glycerol content in MC-DN-NH4F samples

on ionic conductivity and transport parameters values.

Sample code oy D n n

PBGF1 1.62 x 10* 2.69 x 10° 1.05 x 107 9.67 x 10
PBGF2 1.15x 10° 1.97 x 107 7.66 x 10° 9.34 x 10
PBGF3 225 x 107 9.88 x 107 3.85 x 10° 3.65 x 10%°

erably with increasing glycerol concentrations from 14 to 28 wt
% (see Table 2). It is also observed that a comparable tendency
is followed for ionic mobility. Glycerol plasticizer encourages
chain flexibility, which results in an increase in the ionic con-
ductivity. Due to the presence of glycerol, salts are more likely
to be dissociated into free ions (Hadi et al., 2020).

3.2. FTIR study

The FTIR method was used to analyze the engagement
between ions and atoms in the PBGF electrolyte systems.
Fig. 2 depicts the FTIR spectra for the MC-DN-NH4F con-
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Fig. 2 FTIR spectra for the MC-DN-NH4F containing various glycerol concentrations (a) PBGF1, (b) PBGF2, and (c) PBGF3.

taining different glycerol concentrations. Infrared spec-
troscopy shows development in the hydrogen bond in the elec-
trolyte samples where the hydrogen bond affects the stretching
vibrations (Nofal et al., 2021). A broad peak appearing at a
wavenumber of ~ 3400 cm™' for each is corresponding to
the (O—H) band of the polymers, and the ether band is linked
to the peak appearing at ~ 1050 cm™~'. Approximately peaks at
around 1480 cm™! and 1640 cm™!, are measured for (COO-)
symmetric stretching and asymmetric stretching, as well as
(C—H) aliphatic, respectively. (Abdulwahid et al., 2022;
Vettori et al., 2012; Shigel, 2002). A peak was observed at
about 1040 cm™! is connected to the C—O band in ether, as
shown in Fig. 2. The (C—H) stretching modes of the DN can
be seen at ~ 2900 cm™'. The covalent vibration and glycosidic
bridge of the (C—O—C) band cause to appearing a peek
at ~ 920 cm ™!, proving the glycosidic bond. The NH** ion
has derived from the NH4F in conjugation with the oxygen
atoms of the (O—H) and (C—O—C) in the blended polymers.
Furthermore, the protonation of the electrolyte systems is
enhanced by these functional group interactions of (-NH2,
C—O in ether, —OH) (Nofal et al., 2022; Deraman et al.,
2014). Previous studies have shown that the irregular peaks
and variations in the functional group intensities could be uti-
lized to identify the interactions between electrolyte compo-
nents. In this work, the inclusion of glycerol as a plasticizer
causes to dissociation of more salts into free ions, resulting
in changes in the band intensities. It is worth noting that
changes in band intensity are highly linked to changes in
macromolecular arrangements (Aziz et al., 2020). The acquired
result is regarded as solid evidence of complexation and excel-
lent miscibility, which are crucial in the production of polymer
electrolyte systems.

3.3. Dielectric properties

It has been established previously that dielectric parameters
could be used to estimate the ionic transport mechanism and
ionic conductivity behavior of polymers-based electrolytes.
The frequency-dependent changes in dielectric constant (&)
and dielectric loss (¢”) are shown in Figs. 3 and 4, which mea-
sure the amount of charge stored and energy loss during the
movement of ions, respectively. Fig. 3 illustrates the instability
in frequency with a dielectric constant for the MC-DN-NH4F
containing different glycerol concentrations (Basha et al.,
2018; Dannoun et al., 2022). It can be seen that the dielectric
constant drops with increasing frequency, attributed to the
ion drifting. It is observed to be high for the sample comprising
42 wt% glycerol concentrations (PBGF3), resulting in high
ionic conductivity, and electrode polarization. This indicated
that the NH4F salt has entirely dissolved in the MC-DN blend
polymer chains, resulting in ion mobility. At the electrode—
electrolyte interface, the forming of the space charge area
causes to observe a fluctuation in the dielectric constant with
frequency, suggesting non-Debye behavior (Pritam et al.,
2020). After extracting (2’ and Z”°) from the EIS data, by using
the following equations, we are then able to determine (¢’ and
€”") (Arya and Sharma, 2018; Rauf et al., 2022; Aziz et al.,
2021; Smaoui et al., 2009):

Z//
oS- = 9
& va(z/z +Z"2) )
Z/
= (10)

Cow(le + Z//z)
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Fig. 3 The ¢ trends for the PBGF samples in the studied frequency range.

Where o represents the angular frequency, and C,
denotes the capacitance, which are given by (w = 2nf) and
e,A/t, respectively. In the regions of low frequencies, both
the (¢/ and &”) were observed to be improved with rising
plasticizer content. The absence of clear dielectric relaxation
peak in Fig. 4 indicates that polymer segmental relaxation is
mostly responsible for the ionic conductivity in the systems.
However, the increasing frequency causes to decline in the
(¢’ and ¢”) values and followed by unchanged, ascribing to
the electrical field’s periodic reversal that happened rapidly
among the electrodes (Arya and Sharma, 2018). The
impact of glycerol content on the (¢ and €”) values in elec-
trolytes has been shown by the dielectric plots, where the
treatment of glycerol supports in improving these properties,
which are also constituents with conductivity trend. Further-
more, the non-Debye character is also appropriate for
explaining the conductivity behavior of electrolytes (Brza
et al., 2021).

The reciprocal of the complex relative permittivity is the
complex electric modulus (M*), which is crucial for studying
the dielectric characteristic of materials, predominantly at
low frequencies. Transformed real (M’) and imaginary (M)
components of (M*) were used to get electric modulus formal-
ism. The (Z’ and Z”°) of (M*) were obtained from the EIS data
and applied to determine the (M’) and (M”’) via the following
relations (Agrawal et al., 2009; Nofal et al., 2022; Aziz, 2016;
Castillo et al., 2009):

/

M =—
(8— +8”2)

=wC,Z' (11)

8/I
M = gy = 0C 7 (12)

Figs. 5 and 6 display the real (M’) and imaginary (M”)
parts against frequency for all PBGF samples at room temper-
ature. At low frequencies, the (M’) and (M”) values move
toward zero, representing that the electrode polarization
(EP) has a insignificant effect on these parameters. The longer
tails in low frequencies in M’ and M figures are due to high
electrode capacitance. On the other hand, the (M’) values
climb with increasing frequency, and the greatest (M’) value
is reached at a high frequency. This might be due to the fact
that the relaxation process takes place at different frequencies.
The disappearance of various peaks in (M”’) spectra might be
related to the frequency limitation of the LCR meter. No
equivalent characteristic peaks in the (¢”) spectra (Fig. 4) sug-
gest that the samples have varying relaxation times with vary-
ing glycerol contents (Dave and Kanchan, 2018). Therefore,
the carriers are saturated in potential and may travel over dis-
tance at high frequencies. The absence or development of
peaks in the imaginary EIS diagram is related to the effects
of space charge and non-localized conductivity. To recognize
the conductivity behavior of the films, the (M*) spectrum is
promising. Because of the reduction in the effect of (EP) and
ionic mobility, highest conducting system moves to beneath
of the curves in M’ and M~ patterns (Aziz et al., 2010;
Shukur and Kadir, 2015).

3.4. Transference number measurement (TNM )

A DC polarization technique (TNM) was used at room tem-
perature to investigate the impact of ionic diffusion on the sys-
tem’s conductivity performance (Aniskari and Mohd Ikmar,
2017) using a V&A Instrument DP3003 digital dc power sup-
ply (Chai et al., 2013). Fig. 7 depicts the DC polarization curve
of current in the study of time for the uppermost conducting
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Fig. 5 The M’ trends for the PBGF samples in the studied
frequency range.

electrolyte. Ionic transference number was calculated using a
graph of time-dependent normalized polarization current,
through applying a steady 0.2 V DC voltage across a sample
placed between two stainless steel electrodes (Sohaimy and
Isa, 2017). Equations (13) and (14) were utilized to estimate
the transport ion (tj,,) and transport electrons (tg) of the
PBGF3 sample:

I — I,
lion = . = 13
- 13

lion = 1 - Lol (14)

Where, I; represents the initial current, and I, represents
the steady-state of the normalized polarization current (Chai
et al., 2013). Due to the mainly ionic nature of the electrolyte,
the initial total current declines dramatically over time when a
voltage is given to the cell, until the cell reaches a stable state at

0.02
+ PBGF1
0.018 -
= PBGF2 .
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*
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*
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*
S 001 4
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S I e ]
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Fig. 6 The M” trends for the PBGF samples in the studied
frequency range.
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Fig. 7 The DC polarization curve of current in the studied of
time for the PBGF3 sample.

which the cell is polarized due to ionic movements. Moreover,
the electronic movement causes the residual current to flow
through the electrolyte. In the end, for the highest conductivity
sample, the transference numbers resulted to be 0.944, which
demonstrates the general cationic nature of conduction species
(Hadi et al., 2021; Aziz et al., 2021). Comparable outcomes
were obtained for previous works based on the biopolymer
electrolytes (Aziz et al., 2021; Ramlli and Isa, 2016; Yusof,
2014). Ramlli and Isa (Li, 2017) have recognized the t;,, value
of 0.7 for their biopolymer electrolyte system using NH4F salt
as an ionic source.

3.5. Linear sweep voltammetry (LSV)

One of the most helpful decisive factors to evaluate a prepared
polymer electrolyte for device application is the electrolyte’s
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electrochemical stability and its membrane acceptance toward
the applied voltage (Kadir et al., 2018; Rani et al., 2014). Lin-
ear sweep voltammetry (LSV) measurement was carried out by
utilizing a three-electrode configuration as shown in Fig. 8 (a).
As reference electrodes, stainless steel electrodes were
employed (Aziz et al., 2021). Fig. 8 (b) depicts the LSV plot
for the PBGF3 sample at a working voltage of 10 mV/s. The
breakdown voltage of the polymer electrolyte is around
1.6 V at ambient temperature, according to the LSV result.
The breakdown voltage of the electrolyte is assumed to occur
at the onset current. At electrode potentials above 1.6 V, the
current develops gradually. This system’s electrochemical win-
dow standard is around 1 V, which means that the current sys-
tem can be used for the production of electrochemical devices
[71]. The current is starts to escalate progressively when the
breakdown voltage is lower than electrode potential (Aziz
et al., 2021). Our previous work for the same blend of
polymer-based electrolytes [72] using ammonium thiocyanate
(NH4SCN) salt as an ionic source displayed the LSV value

(a) LSV measurement configuration. (b) LSV plot for the PBGF3 sample at room temperature.

of 2 V. The low lattice energy of NH4SCN in comparison to
NH4F could explain the high decomposition voltage.

4. Conclusion

In conclusion, three films of solid polymer electrolytes based on MC-
DN-NH,F-glycerol were made using a solution casting process. The
impedance and FTIR methods demonstrate that the highest amounts
of plasticization have optimal compatibility with the whole elec-
trolytes. As determined by EIS spectroscopy, the PBGF3 sample
had a maximum ionic conductivity of 2.25 x 107 Sjecm. Also, the
transport parameters were found to be improved as the inclusion
of glycerol increased to the system. It was discovered that the signif-
icant dielectric values are due to electrode polarization caused by ion
movements. The ion dominancy as a charge carrier has been verified
by both TNM and LSV techniques. The ionic transference number
for the most conducting electrolyte (tio,) is 0.944, with its decompo-
sition potential of 1.6 V. The outcomes confirm the possibility and
eligibility of the prepared polymer based electrolyte for energy device
applications.
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