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Abstract

Solid-state polymer electrolyte system that relies on an Iota carrageenan/Acacia gum blend and ethylene glycol as plasticizer
incorporated with LiNO; has been synthesized using the solution cast technique. The structural characterization has done
by X-ray diffraction and Fourier transform infrared (FTIR) analysis. FTIR deconvolution reveals that ion—ion interaction
analysis and the free ion and contact ion percentage. The electrolyte with 30 wt% LiNO; (IAN30) has the higher conductivity
as 1.77x 107 S cm™!, activation energy as 0.02 eV and ion transport number as 0.999. The non-Debye property of polymer
electrolytes is confirmed by studies on the frequency dependence of dielectric and, dielectric loss tangent parameter . UV
spectra of IAN30 also confirms the reduction in band-gap. IAN30 is used for the fabrication of Electric double layer capacitor
(EDLC) and Electrochemical cell. There are no redox peaks in the Cyclic voltammetry response through its entire potential
range for EDLC behavior. From the galvanostatic charge/discharge studies of prepared symmetrical capacitor, discharge
time and specific capacitance (C,) values are calculated as 16s and 22 F/g respectively.

Keywords Iota carrageenan - Acacia gum - Lithium nitrate - AC impedance - TNM - CV - GCD, XRD, FTIR - Conduction

mechanism - FTIR-deconvolution - UV

Introduction

Devices with the ability to store and release electrical
energy as desired are known as electrical devices. Research-
ers are keener to create photovoltaic panels, sensors, super
capacitors, fuel cells, and batteries as a result of the con-
sumption for creating quality electrochemical devices. Solid
biopolymer electrolytes (SBE) have experienced a drastic
development in recent years [1, 2].The evolution of electrical
energy storage devices took a new turn with the invention of
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supercapacitors. Supercapacitors are regularly employed in
systems and devices that demand a high power supply due
to their various benefits.

The electrode in a supercapacitor is crucial in storing a
lot of charge on its surface. So, while choosing an appropri-
ate electrode material for a super capacitor, features of the
electrode including porosity, surface morphology, surface
area, high specific capacitance, large scan rate capability,
high cycle stability and electrical conductivity are taken into
consideration. Materials that have been widely employed as
electrodes include Activated carbon, CNT, Graphene, Car-
bon Aerogel, Metal Compounds, Conducting Polymers, and
their Composites. In addition, the toxicity and cost of the
active materials used in an electrode design should be taken
into account as well [3, 4].

Supercapacitors use polymer electrolytes that are sig-
nificantly thinner and electrodes with much greater surface
areas to reduce the distance between the electrodes. This
result in an increase in energy and capacitance. Electrolytes
are the key for supercapacitive devices to have a high power
and energy density, long cycling life, and safety. Ionic mobil-
ity and conductivity are the important factors to evaluate the
performance of electrolytes.
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The primary goal of conducting polymer research is to
create higher ionic conductivity polymer electrolytes for
applications in energy storage devices. For environmental
concern, biopolymers are selected and many methods are
adopted to increase the conductivity. In this, Polymer blend-
ing is a method used by researchers to enhance the proper-
ties of polymers. The bio-polymers are the polymers derived
from the naturally occurring renewable sources. These bio-
polymer electrolytes are cost-effective, and eco-friendly.
These advantages have made the bio-polymer electrolytes
a promising substitute for synthetic polymers in electro-
chemical applications. Natural biopolymers such as chitin,
starch [5], pectin, carrageenan, agar-agar, methylcellulose,
as well as cellulose acetate have been proposed by research-
ers to develop the Solid Biopolymer Electrolytes(SBE)
as a cure for pollutants [6-9]. groups in its structure [10].
Among green polymers, carrageenan is one of the recom-
mended host polymers attributed to its ability to dissolve
in water without the need of using organic solvent. Carra-
geenan is classified into three varieties such as Iota, Lamda,
and Kappa depending on the position and amounts of ester
sulphate. K-carrageenan as well as I-carrageenan are con-
sidered as gel-forming carrageenan. lota-carrageenan is
made up of monomers of f-v- galactopyranose and a-v-
galactopyranose that are joined by a-(1 — 3) and pf-(1 — 4)
glycosidic bridges. The nature of iota-carrageenan is flexible
[9, 11-13].

Iota carrageenan comprises of hydroxyl groups where
it can form cross-linking networks with other elements in
the polymer electrolyte [8]. Besides, it has large distribu-
tion of oxygen atoms in the structure which help to form
coordinated bond with cations [9]. Pure iota carrageenan
sample shows 3.86 X 107° Scm™! [9]. Nevertheless, after the
addition of salt, iota-carrageenan polymer still has low ionic
conductivity at room temperature.

Gum based polymers from a microbial, animal, plant,
and marine sources are likewise polysaccharides. As
water is added, the majority of gums tend to become a
gel. Acacia gum [14], Gellan gum [15], Tragacanth gum
[16], Guar gum [17], Moringa gum [18], and Xanthan gum
[19] are some of the kinds of gums. The Acacia tree’s
exudate of tree gum is known as the AG or gum Arabic.
Highly branched polysaccharide from acacia gum con-
tains parts of glycoproteins. Though an emulsifier, sta-
bilizer, and thickening ingredient, Gum Arabic is widely
accessible to blend with another polymer. According to a
recent study, one of the current methods frequently used
to solve the low conductivity problem is plasticization of
the biopolymer electrolyte system [9, 20]. In order to pro-
duce a smooth texture, more flexibility, and strengthen
the chemical and mechanical durability of membranes,
plasticizers are added. They can penetrate and extend

the distance between molecules while reducing the polar
groups of polymers [21, 22].

The prepared plasticizer incorporated SBEs are used in
energy devices, such as EDLC, serving as possible substi-
tute for traditional lithium batteries. Long lifecycle, safety,
fabrication cost-effectiveness, and excellent performance are
the highly desired properties of EDLC [23]. According to
Manjuladevi et al. [24], primary lithium-ion battery was fab-
ricated with 30% Pectin: 70% LiNO; electrolyte membrane
and the open circuit voltage (OCV) was measured as 1.4 V.
Another Biopolymer cellulose acetate with LiNO; added
polymer electrolyte has reported in Monisha et al. [25].A
Electrochemical cell has prepared by using the higher con-
ductivity polymer electrolyte and the Open circuit voltage
(OCV) of the manufactured lithium-ion battery is 1.8 V.
Arokiamary et al. has done a research on kappa carrageenan
doped LiNO;.

The high biocompatibility of Iota carrageenan and Acacia
gum with Ethylene glycol as plasticizer has been reported
in our previous work. The optimized blend electrolyte has
reported the conductivity as 2.96x 10~ Scm™! [9]. Alkali
metal salts are commonly added to achieve good conduction
[26, 27] (including lithium salts). However, lithium-based
ionic salts are most popular because lithium ions (Li+) are
smaller in size, which leads to a high gravimetric Coulombic
density. Li* ion incorporation with the polar group of the
blend polymer is made possible by feeble coordination in
the presence of salt LiNO; and increases the charge carriers
and thereby rises the ionic conduction [25, 28].

The fabrication of symmetric capacitors and the analy-
sis studies for this polymer blend electrolyte are novel, and
researchers in this work achieve conductivity in the order of
1072

Materials and Methods
Materials

The polymers, iota carrageenan (IC) and acacia gum were
purchased from HiMedia chemicals (HiMedia Laboratories
Pvt. Ltd.) and Qualigens Fine Chemicals Pvt. Ltd., respec-
tively. The monomer of iota carrageenan (IC) has a high
molecular weight of 946.8 g/mol with 99% purity, while
acacia gum (AG) has a low molecular weight of 92 g/mol
with SQ grade. 99% pure ethylene glycol with a molecular
weight of 62.07 g/mol was purchased from Merck Special-
ties Private Limited. From Sisco Research Laboratories Pvt.
Ltd., we got lithium nitrate (LiNO;) with a molecular weight
of 68.95 g/mol in AR grade (extremely pure).The solvent
employed throughout the preparation was Deionized water.
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Experimental Details

Plasticized biopolymer electrolytes (PBE) were prepared
using the solution casting method. PBE was made using an
optimum mixture of IC (60 wt%) and AG (40 wt%) with
ethylene glycol (0.75ml). Iota carrageenan was liquefied
in 40 ml of deionized water for 3 h at 60 °C, and the aca-
cia gum solution was made by using 20 ml of deionized
water and stirred at room temperature for the same amount
of time. To get a clear solution, these two solutions should
be progressively combined and stirred for 3 h. After that,
0.75 ml of ethylene glycol was added as a plasticizer. Fol-
lowing that, specified concentrations of lithium nitrate
(LiNO3) (10%, 20%, 30%, and 40%) were dissolved utiliz-
ing 10ml of distilled water which was then agitated for 2 h

60wt.% IC, 40wt.% AG and Xwt.%
LiNO3(X=10%, 20%, 30%, and 40%) stir
separately with EG

at room temperature using a magnetic stirrer. The polymer
blend solution was then added to this salt solution, and the
mixture was stirred for 20 h. Finally, the clear solution was
poured into a Petri dish and let to evaporate at 50 °C in the
oven. By changing the weight proportion of salt, four dif-
ferent PBEs were synthesized and the preparation steps is
given in Fig. 1a and the Photograph of the prepared polymer
electrolyte are clearly shown in Fig. 1b. The prepared PBE
has thickness ranging from 0.032 to 0.036 cm. The ratio of
prepared electrolytes is shown in Table 1.

Fabrication of Electrode

The preparation of the carbon electrodes is the first stage of
the EDLC preparation. The activated carbon (bought from

E‘:

Prepared polymer electrolyte

Salt added blend polymer matrix castinto
Petridis and kept in oven at 70°C
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Fig. 1 a Solid biopolymer electrolyte preparation flow chart. b The picture of prepared electrolyte. ¢ The design of fabricated symmetrical

capacitor (EDLC)
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Table 1 ‘Prepare(.i samples ratio S.no Sample code The ratio of IC:AG:LiNO; wt% with Ratio in grams

in grams and weight% 0.75 ml ethylene glycol
1 IAGB 60:40:00 0.9366:0.0634:0.0000
2 IAN10 54:36:10 0.9285:0.0628:0.0086
3 TIAN20 50:30:20 0.9205:0.0624:0.0170
4 IAN30 46:24:30 0.9127:0.0617:0.0255
5 TAN40 43:17:40 0.9050:0.0612:0.0331

SANWA Components, Inc.), poly (vinylidene fluoride)
(PVdF) and N-methyl pyrrolidone (NMP) were taken in the
ratio of 8:1:1. Then PVdF and activated carbon were mixed
with NMP using mortar and pestle to obtain ahomogeneous
slurry. The homogeneous slurry was pasted evenly on nickel
foil and dried at 80 °C for 12 h. The prepared electrodes
were stored in a desiccator filled with silica gel to remove
the moister.

Characterization Techniques
X-ray Diffraction Spectroscopy

The amorphous nature of the polymer electrolyte was con-
firmed using a Bruker X-Ray diffractometer. This gadget
was scanned with Cu-Ka radiation at a rate of 5° per minute
between 2 =10° to 60°.

Fourier Transform Infrared Spectroscopy

The SHIMADZU IR Tracer 100 spectrometer was used to
detect FTIR spectra with wavenumbers ranging from 400 to
4000 cm™! and a resolution of 4 cm™".

AC Impedance Spectroscopy

The ionic conductivity and dielectric tests of the polymer
electrolytes were carried out using a computer-controlled
HIOKI 3532-50 LCR Hitester throughout a frequency range
of 42 Hz-1 MHz and a temperature range of 303-368 K.

UV/Vis Spectrophotometer

Optical properties were measured using a Beckman DU640
UV/Vis spectrophotometer in the range of 200-900 nm.

Electrochemical Performance

Electrochemical performance was investigated using cyclic
voltammetry (CV) and galvanostatic charge/discharge
(GCD) with the CH-Instrument Model 6008e.

Transference Number Analysis

Wagner’s polarization technique was used to identify the
ionic and electronic transference number.

Fabrication of Symmetric Capacitor

Symmetrical capacitors with a solid polymer electrolyte
have a rapid charging/discharging rate in addition to low
electrical resistance and non-combustibility [29]. In this
paper, higher conducting sample TAN30 serves as an elec-
trolyte, activated carbon (AC)-based electrode systems are
used to create a symmetrical super capacitor device with the
design shown below. The design of the fabricated supercap-
citor is given in Fig. lc.

EDLC: AC || 60 wt% lota carrageenan: 40 wt% Acacia
gum: 30 wt% LiNO, with 0.75 ml Ethylene glycol || AC.

Results and Discussion

XRD

XRD investigation is carried out to establish whether the
new derivative samples are amorphous or semi crystalline.
Figure 2 shows the XRD pattern of optimized blend poly-
mer IAGB (60wt% IC: 40 wt% AG: 0.75ml EG) and 10 to
40 wt% LiNO; added blend polymer. The X-ray diffraction
patterns of pure Iota carrageenan (IC) electrolyte exhibits
hump at 20=20°, 30°, and 41° and, gum acacia pure (AG)
electrolyte exhibits hump at 260 =20° and 40°. The diffrac-
tion humps of IAGB polymer electrolyte are at 26 =20°,
30° and 40°.

The intensity of the diffraction hump at 26 =20°, 30°,
and 40° decreases and wide as the concentration of LiNO,
increases. It may suggested that the interaction between pol-
ymer chains and salt particles is decreased, and thereby the
amorphous character is increased, which is definite by peak
broadening and reduction in the intensity of hump as shown
in Fig. 2. IAN30 sample attains the low intensity hump at
20°, 30°, and 40°.

There is no Crystalline peaks belongs to pure lithium
nitrate (20=35.4°, 46.4°, and 51.1° (JCPDS-76-0164)) for
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Fig.2 X-ray diffraction pattern for all prepared samples and JCPDS
pattern of LiNOjsalt

all the lithium nitrate added samples. This is a confirma-
tion of the complete disolvation of lithium nitrate with the
optimized blend.

FT-IR

Figure 3a displays the Fourier transform infrared spectra
of optimized IAGB and various weight percentages of the
LiNO; added system. The noted vibrational bands of the
electrolytes are shown in Table 2. The O-H band assign-
ments are observed at 3354 cm™'for the IAGB sample. This
O-H band is slightly shifted to 3352 cm™! for salt-added
samples. This shows that the oxygen atoms in the hydroxyl
groups of the IC interacted with the lithium ions via ion
dipole interactions [30]. In all prepared samples, the vibra-
tion band appeared at 2932 cm™! is owing to alkyl group of
C-H stretching due to presence of AG [31].

Figure 3b presents the vibration band of the samples
range from 1800 to 600 cm™! elaborately. The incorpora-
tion of LiNO; with JAGB polymer leads to the shifting of
peak. While blended with 10-40 wt% of LiNO;, the peak
appeared at 1635 cm™' is recognized as H-O-H deformation
band [32].The asymmetrical and symmetrical axial vibra-
tion of the —COO group in AG [33] are indicated by the
band at 1438 cm™' and this band dislocates to 1453 cm™!,
1458 cm™!, and 1463 cm™! with the increase of salt concen-
tration. The band at 1224 cm™! is relevant to S—O sulphate
stretching of pure iota carrageenan(IC) [34]. For 10 wt%,
20 wt%, and 30 wt% of LiNO; added systems, this band is
moved slightly.

The vibration band around 1032 cm™" and 842 cm™ is
due to CH, asymmetric stretching and —O-SOj stretching
of D-galactose-4-sulphate for all prepared electrolytes [35,
36]. In all salt-added electrolytes, there is a shift in typical
peak at 1064 cm~'which corresponds to C-O of 3,6-anhy-
drous galactose stretching and C-O stretching is observed
at 977 cm™!. The wavenumber of the peak at 1064 cm™!
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Fig.3 a FT-IR spectra of prepared electrolytes and b the FT-IR spectra in the range of1800-600 cm-1 wavenumber. Deconvolution of FT-IR

spectra at a wavenumber between in the range of 1440-1490cm ™
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Tab]e 2 Functional group Assignment Wave number (cm™)

assignments for ICP, AGP, IAG,

IAGO1, IAGO02, and IAG03 IAGB IAN10 TIAN20 TIAN30 TIAN40
O-H stretching 3354 3352 3352 3352 3352

C-H stretching

H-O-H (Water deformation band)

2932 2932 2932 2932 2932
1635 1639 1639 1639 1639

—COO~symmetrical and asymmetrical streching 1438 1453 1458 1463 1463

S—O sulfate stretching
CH, asymmetric stretching

1224 1222 1222 1222 1220
1032 1032 1032 1032 1032

C-O stretching of 3-6 anhydro galatose stretching 1064 1070 1070 1068 1066

C-0 stretching 977 970 970 970 970
C-0O-C of 3-6 anhydro galatose stretching 920 922 923 925 920
—O-SO0; stretching at D-galactose-4-sulphate 842 842 842 842 842
Sulfate C-4 galactose 738 732 734 734 736

is decreased as the concentration of lithium ions increased
because more of the oxygen atoms (C-O) in the IC are
affected by interactions with the lithium ions [37]. The peak
around 920 to 925 cm™! is related to the C—-O—C of 3,6-anhy-
drous galactose stretching [32]. The vibrational band at 732
to 738 cm™! corresponds to the presence of Sulfate C-4
galactose stretching in the electrolytes. In all electrolytes,
the intensity of this peak increases due to increase in the
amount of functional group associated with the molecular
bond and also confirm the physical interaction between the
iota-carrageenan, Acacia gum structure, LiNO; salt and EG
[38, 39].

FTIR Deconvolution

The characteristics of ions in the prepared electrolyte are
better understood using an FTIR-deconvolution method
via Origin 9.1. The FTIR spectra are deconvoluted by
using curve fitting and line-based correction at the chosen
wavenumber region. The percentage of free and contact
ions is calculated using the FTIR deconvolution technique.
The —COO~ ‘s in carboxylate group causes a strong attrac-
tion towards Li* and enables the ion transportation. The
region from 1440 to 1490 cm™' corresponding to the car-
boxylate group is selected due to the nucleophilicity of the
COO™ which exerts an attraction towards Li* from LiNO;.
This allows the ion—ion interactions by the weak bonds of
COO™-Li-NOj; in biopolymer matrices. Due to the break-
ing of weak bond and less ionic mass, the Li* transporta-
tion occurs mostly, which could be useful in quantifying the
transport features. This pattern has suggested that a higher
concentration of LiNO; dissolves into a greater number of
free Li* ions, that are essentially provide conductivity [2].
The free ion peaks are appeared at 1451 cm™! and
1463 cm™!. Then the peak appeared at 1476 cm™! is attrib-
uted to the contact ions for the electrolyte TAN30.1t was
possible to identify free and contact ions in that case based

on the deconvoluted area as shown in Fig. 3c [2]. The per-
centage of free ions and contact ions of salt observed in the
COO™ band region can be determined using the equation
below:

Percentage of free ion (%) = ((Af/ (Af + Ac) )) % 100,
ey
where A; is the total area of the free ion region and A,
is the overall area of the contact ion region based on the
deconvoluted FTIR peaks. The area of deconvoluted bands
is used to calculate the percentage of free ions and contact
ions, and these values are tabulated in Table 4. The charac-
teristic peaks of free ions are usually larger than the contact
ions [28].

In comparison to the other concentration electrolytes, the
higher conducting electrolyte (IAN30) achieves the highest
percentage (82.93%) of free ions and the lowest percentage
(17.07%) of contact ions (Table 3).

Cole Cole

Analyzing of electrochemical properties can be done simply
and effectively using alternative current impedance spectros-
copy. Figure 4a—f displays the cole cole plots for prepared
polymer electrolytes with equivalent circuits. In the com-
plex impedance plots, there exists two substantial different
zones which is due to the bulky nature of the electrolytes. A

Table 3 Measured IR deconvolution free ions and contact ions per-
centage

Sample code Free ion % Contact ion %
TAN10 62.83 37.17
TAN20 81.39 18.60
TAN30 82.93 17.07
TAN40 68.60 31.39

@ Springer



1156 Journal of Polymers and the Environment (2024) 32:1150-1169
180 50
1404 | —"—lAcB P —=—IAGB = 1AN10
® 1AN10 o 160 45
120 | 4Nz A
v 1AN30 140 " opet 40+ & 2 w
*— AN P —_—A—
i) ’ 120, 35 o wn
s -
30 -
g 80 ‘A .f §1oo- ./ Sl E
£ T H -
N 6 A N 80 Vs N 0] -
40 gy f- l\ iy 15 =
9 A - b d ' F-
v";‘ 40 4 104 -
20
[/ a| " J % .r/f
0 o b 0 ¢
X 1 4 . & H % T T T T T T T T T T T T T +
0 2 “ & % W 129 W 0 20 40 60 80 100 120 140 160 180 30 35 40 45 50 55 60 65 70
z(@ Z'(Q) z'(@)
60 70
140 = 1AN20 = I1AN30 " I3 o ou = 1AN4O
—/v—m—m—»—
- o | | wu i
1204 7 = B o
w w  we
ot = 50 o A
100 4 - 40 -
_. 80 - g S ad 4 "
el = N 30 N », ]
= - -
N 1 - » =] -
40 - 204 V4 =
= - 204 =
204 =
104 7 10 &
- LY
d 04 (Y 0+ i f
T . T T T T T T T T T T T T T T [ AL =y o
20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 60 70 80 90 100 110 120
Z' () Z(Q) Z'(Q)

Fig.4 a—f AC impedance spectrum with an equivalent circuit

semicircle in the high-frequency region and low-frequency
spike are caused by the polarizing action in the electrolyte-
electrode contact area [40-42]. Equivalent circuit model-
ling is the most widely used method and is accomplished
by approximating the experimental data with an electri-
cal circuit, followed by complex non-linear least squares
(CNLYS) fitting using ZView software. Figure 4b shows a
low-frequency spike region with an equivalent circuit of
series arrangement of resistance and capacitance phase ele-
ments (QPE) for the sample IAGB.

The Ry, value is determined using the ZView software.
The following equation has been used to determine the sam-
ple conductivity based on the value of Ry,

_ (1 I -1
o= <Rb>X<A>Scm ,

where t is the electrolyte thickness, A is the electrolyte
area and Ry, is the bulk resistance of the electrolyte. For the
TAN10 sample, two semicircle occurs with an equivalent
circuit as two sets of parallel combinations of resistance (R)
with QPE, as shown in Fig. 4c. For IAN20, there exists a
semicircle with spike shown in Fig. 4d. The corresponding
equivalent circuit is parallel combination with bulk resist-
ance Ry with QPE for a semicircle, and also a series circuit
of a different capacitor, QPE, represents a sloping spike at a
lower frequency [9, 43, 44].

@
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For IAN30 and IAN40, there exhibits two semicircles
with spike fitted by an equivalent circuit of parallel com-
bination of resistance and QPE and series combination of
another QPE (Fig. 4e and f). The two semicircles occurred in
IAN10, IAN30 and TAN40 is the result of increased molecu-
lar packing of Iota carrageenan polymer chain [45].Those
semicircles are fitted using ZView software to obtain the
resistance values. Then the resistance values are added to
get the bulk resistance.

The chains are made as irregular and entwined in amor-
phous regions. As a result, the molecular packing in the
amorphous state is weak and the molecular chains can move
more easily than in the crystalline form. As a result, the
chains in the amorphous phase are more malleable and may
so orient themselves substantially more quickly. This allows
for considerable ion mobility in the amorphous material.

However, when more than 40 wt% of LiNOj; salt added
into the polymer blend matrix, the intensity of the humps are
increased, which leads to increase in the viscosity of the pol-
ymer electrolyte films. As a result, because there is less free
space for ion transmission, charge carriers are less mobile.
So that, the conductivity is reduced. Li* ions are made easier
to access by the rise in amorphous form with salt weight%.
This increase of amorphous nature with the increase in wt%
of salt facilitates Li* ions movement in the polymer network.
The absence of the peak is related to LiNOj; salt concentra-
tion in the electrolyte system clearly indicating the complete
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dissolution of the salt in the polymer matrix. The obtained
results are in good agreement with conductivity studies in
this work.

As the concentration of LiNOj salt increases, the bulk
resistance (R,) value decreases that is shown in Figs. 4 and
30 wt% of LiNO; added sample (IAN30) attains the
minimum R, value and maximum conductivity value as
1.77x 1073 Sem™".

Conductance Spectra

Ion conduction and the hopping movements of the ionic
charge are described by the conductance spectra for SPE.
For all prepared samples, the conductance spectra is shown
in.

Figure 5. It has a high-frequency plateau region and a
low-frequency dispersion region. There is dispersion at
lower frequencies due to the effects of the electrolyte and
electrode polarization. The DC conductivity of SPE is cal-
culated using the high-frequency plateau area. As the LiNO,
salt concentration increase up to 30 wt%, the low frequency
dispersive region gets prominent and shifts to a higher fre-
quency. This is due to the improvement of free charge carri-
ers available in the system [46].

For IAN30 electrolyte, the bulk amount of ions pass over
the potential barrier as a result of the charge carriers’ colum-
bic interaction, which causes disorder in the structure and
the improvement in conductivity [47, 48]. However, as salt
concentration rises, association of ions begins to repeatedly
to form neutral ion aggregates and reduce electrical conduc-
tivity [49], resulting in the conductivity value for the IAN40
sample decrease and also the plateau region shifts to lower
frequency region.
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Fig.5 Frequency dependence conduction spectra of Blend and differ-
ent concentration lithium nitrate added samples

Table4 Measured conductivity and activation energy values of all

samples
Sample code Conductivity Activation
energy
(eV)
IAGB 2.96x107*S cm™! 0.068
IAN10 3.49%107*S cm™! 0.056
TAN20 1.00x1073 S cm™ 0.034
IAN30 1.77%1073 S cm™ 0.022
IAN40 2.11x107*S cm™! 0.054

Temperature-Dependent Studies

To identify the mechanism of ionic conduction in polymer
electrolytes, temperature-dependent ionic conductivity
is used. The Arrhenius plots for the prepared electrolytes
in the temperature range 303-338 K are shown in Fig. 6.
A thermally activated process is suggested by the linear
change of log ¢ versus 1000/T plots. The conductivity can
be expressed by,

_Ea
0 = 0(yexp T ) 3)

where o) is pre-exponential factor, k is the Boltzmann con-
stant, T is the temperature in Kelvin, and E, is the activation
energy [50]. By the addition of salt with the polymer blend,
the ions require less energy to diffuse, migrate within the
salt-added plasticized polymer electrolyte. From a result,
strong plasticizing action and salt incorporation strengthen
the polymeric backbone and thereby increases the conduc-
tivity [51]. The Arrhenius equation properly describes the

2.0
22 B 1AGB
I ® IAN10

i A 1AN20
2.4 ¥ IAN30
@ 1AN40
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Fig.6 Arrhenius plot of IAGB, IAN10, IAN20, IAN30, and IAN40
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data in Fig. 6. The calculated activation energy and conduc-
tivity values are explained in Table 4. By the addition of 30
wt% of LiNO; to the polymer electrolytes, the activation
energy significantly reduces from 0.068 to 0.022 eV. The
direct relationship between ionic conductivity and activation
energy value is caused by a decrease in the energy barrier
for lithium ion, which directly lowers the activation energy
[5, 49].

Conduction Mechanism

By using Jonscher’s universal power law, it is possible to
determine the electrolyte’s ionic conduction mechanism. The
ac conductivity patterns with rising temperature is reflected
by using the Jonscher’s universal power law as follows,

6, = 04 +AG, @)
s — Ode
o' = —F, )

where @* is hopping frequency and A is the temperature-
dependent parameter. Typically, the power-law exponent s
is less than one. According to the aforementioned calcu-
lations, higher conducting samples follow the Jonscher
power law. As seen in Fig. 7, the IAN30 sample exhibits a
high-frequency plateau region due to space charge polariza-
tion. Some of the theories that characterize the conduction
mechanism are quantum mechanical tunnelling (QMT), cor-
related barrier hopping (CBH), overlapping large-polaron
tunnelling (OLPT), and non-overlapping small polaron tun-
neling (NSPT) [9, 52, 53]. The QMT model is implied by
the observation that both exponents s; and s, are temperature

Region Il

1000000

10000 100000
o (Hz)

Fig.7 Conduction mechanism of higher conducting sample at vari-
ous temperatures

@ Springer

independent [54]. Figure 8a and b depicts whether the expo-
nents s; and s, corresponding to Region I and Region II.
The corresponding fitting equation can be expressed as,

8.6E — 3T — 1.65 x 1072, (6)

Sy

s, = 3.9E — 3T +2.07 x 107, (7

Studies on the QMT model have revealed that the tun-
neling distance appears to be temperature independent,
whereas the frequency exponent parameter is not tempera-
ture dependent. Conducting ions and stress fields interact to
create the polaron, which is based on quantum mechanical
phenomena. That polarons tunnel through the potential bar-
rier and travel through it. According to the QMT model, the
AC conductivity is caused by either electronic or atomic
tunnelling between equilibrium sites [55, 56].

a 020

0.15

0.05

0.00

b Temperature (K)

320 330
Temperature (K)

Fig.8 Exponential s versus temperature (K)
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Dielectric Spectra

. | W =
The findings from impedance measurements are used in the . S
current study to analyze the dielectric behavior of polymer by v—1AN30
electrolytes. The energy lost after a sudden reversal of the 12000000 AT La L

electric field’s polarity is known as dielectric loss €; whereas
a substance’s capacity to store charge is known as the dielec-
tric constant (g,). The following formulas are used to calcu-
late the two dielectric values:

ZII

T w2+ 2 ®
Z/

ST aCy(zrrzm) ©)

where Z' and Z” represents the real & imaginary imped-
ance, o is the angular frequency, C,, represents the vacuum
capacitance, and g, and ¢, are the imaginary and real permit-
tivity. Figures 9 and 10 demonstrate how the space charge
polarization causes the value of €; and €, to increase dramati-
cally with increase of salt concentration at low frequency.
By adding salt to the polymer blend matrix, the dielectric
constant rises and is directly correlated with the quantity of
free charge carriers. The high value of the dielectric constant
and loss at the low-frequency window is due to the electrode
polarization event, which is still related to the ion accumula-
tion and shows that the salt has completely dissociated. This
nature further supports the non-Debye dependence [57]. Due
to the periodic reversal of the applied field, the values of ¢;
and €, become constant at high frequencies. When a sam-
ple with 30 wt% LiNO; (IAN30) is compared to an IAGB
sample, a high dielectric loss value is seen, and this may be

21000000 — = IAGB

—8— IAN10
—A— IAN20
v IAN30
15000000 v — & IAN40

18000000 -

12000000 b

w
9000000
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Fig.9 Dielectric constant as the function of log frequency of LiNO;
doped blend biopolymer
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Fig. 10 Dielectric loss spectra as the function of log frequency of
LiNO; doped Blend biopolymer electrolytes

explained by the electrical conductivity, which is connected
to the dielectric loss. The dielectric loss is increased in the
low-frequency range due to the ability of polymeric dipoles
to align themselves with the applied field. Increase the salt
content further, (up to 40 wt%), there exists a minimal value
of dielectric loss at low frequency. However, the dipoles can-
not align themselves in the direction of the applied field and
diminishes the value of the dielectric loss which is almost
constant in the high-frequency region [58].

Modulus Spectra

The dielectric modulus (M*) can be determined using the
formula below:

M= M +iM", (10)
M| = /(M) + (M2), (11)

M’ gl‘
T2 e (12)

fon

" _ i
M= €2+ (13)

where real and imaginary moduli are represented respec-
tively by M', M". The real (M') and imaginary (M") parts of
the modulus approaches zero at low frequencies as shown in
Figs. 11 and 12, indicates the negligible impact of electrode
polarization phenomena. There is a significant tail at lower
frequencies as a result of the enormous capacitance con-
nected to the electrodes. The bulk effect results in a gradual
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Fig. 11 Real modulus spectra for blend and salt added system
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Fig. 12 Imaginary modulus spectra for blend and salt added system

increase in modulus values with increasing frequency. This
supports the non-Debye behavior of the samples [5, 59, 60].

Tangent Spectra

It is also possible to establish the frequency dependence
of the dielectric loss tangent (tand) in order to compre-
hend relaxation processes. With the help of the dielectric
properties, the tand is determined. The dissipation factor,
also referred to as tan O is frequently a ratio of energy
dissipated to energy conserved in an electric field. The
following equation is used to get the tand,
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Fig. 13 Tangent spectra for all prepared samples

Table 5 Observed tangent spectra parameters

Sample FWHM Relaxation time (1/w) (s) Beta (f)
IAGB 1.42 6.71893x 1077 0.8
TIAN10 1.22 1.02731x 107 0.9
T1AN20 1.36 1.02991 x 107 0.8
T1AN30 2.73 2.39883x 1077 0.4
1AN40 1.68 2.09122x 107 0.6
"
5
tan § = —. (14)

g’

The loss tangent vs. frequency plot for each electrolyte at
room temperature is shown in.

Fig. 13. When dielectric relaxation occurs, the loss tan-
gent peak shifts to a high-frequency area. Dipoles, whether
they are induced or permanent, cause the dielectric relaxa-
tion peak. Furthermore, it is demonstrated that induced
diploes also impact the relaxation function of the polarized
mobile charge carriers [61]. The peaks in Fig. 13 represent
the linear ion dynamics that are related to the conductiv-
ity and relaxation of the mobile ions. The relaxation time
(7) is calculated using the reciprocal of the corresponding
frequency (log w) of the greatest height of the hump and is
shown in Table 5.The higher conducting electrolyte TAN30
obtains a lowest relaxation time than other electrolytes. In
terms of the conductivity relaxation, the Kohlrausch—Wil-
liams—Watts (KWW) function ¢(¢) is given below,

o) = el 319, (15)
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Since P is the Kohlrausch exponent parameter and is
established by f=1.14/FWHM. The non-Debye model is
suggested when the calculated value of f is less than one
(0<B<1)[55, 62]. Table 5 shows the calculated tangent
spectra parameters.

UV studies—Optical Properties
Absorbance Spectra

At room temperature, UV absorbance spectra is obtained
in the wavelength range of 190-900 nm by UV—-Vis Spec-
trophotometer. As reported by Aziz et al. [63], absorbance
peaks of all the electrolytes are appeared within the range
of 200-250 nm wavelength. According to molecular orbital
theory, absorption of light from the ground state to the
higher excited state occurs with possible transitions from
o and © and n-orbitals. As a result, transitions 6 — 6*, n
— o*,n — ¥ and 1 — n* take place [60]. It is possible to
change the polymer electrolyte’s optical properties by adding
salt to the blend.

In Fig. 14, The variation of optical absorbance with
wavelength is clearly illustrated. The blend electrolytes
show higher absorption by the addition of LiNO; salt [64,
65]. Due to the n — w* transition, the absorbance curve is
appeared in the wavelength 214-231 nm for the blend. The
absorbance peaks are appeared in the range of 215-238 nm
for the salt added plasticized polymer electrolytes. The
appeared peaks are shifted to higher wavelength with the
increase in salt concentration. The absorption coefficient
must be analyzed to know about the possibility of any band
structure modifications [66, 67]. The absorption coefficient
t1a’ is calculated using the following equation,

3.5

—|AGB
—1AN10
—IAN20
= ]AN30
—1AN40

Absorbance

Absorbance
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Fig. 14 Optical absorption spectra for blend and different weight per-
centage of LiNOzadded samples

a=="" XA, (16)

where ‘A’ is the absorption and ‘d’ is the sample thickness
[3, 6].

Optical Band Gap Energy

The optical band gap energy (E,) is typically observed
through an optical investigation. When a photon is absorbed
by a polymer electrolyte, a transition takes place in the band
gap region. The Tauc’s plot is plotted in Fig. 15a—e for the
different ‘n’ values and the band gap energy (E,) values are
calculated. There exists a variation in the band gap energy
with the addition of LiNO; is observed. The optical band gap
energy (allowed, forbidden, direct, and indirect) is one of the
optical parameter that may be calculated using these absorb-
ance characteristics [68]. The formula used to calculate the
optical band gap energy is given by,

ahv = A (hv — E,)", (17)

where “E,” stands for photon energy, “a” for absorbance
coefficient, “A” for constant, and “n” for the type of transi-
tion [69]. The n values for direct allowed, indirect allowed,
direct forbidden, and indirect forbidden transitions are
denoted as 1/2, 2, 3/2, and 3 respectively. Plotting the graphs
between photon energy and (ahv)" gives the optical band gap
energy. The optical dielectric loss parameter and the Tauc’s
model should be compared in order to determine the band
gap and comprehend electron transition events [70].

Figure 15e gives the band gap values by plotting the
graph between Photon energy (E,) and optical dielectric
loss [71]. Table 6 presents the values in tabular form. Direct
transitions happen when the electrons’ wave vector is con-
stant. An indirect transition occurs if the lowest site of the
conduction band is located at separate part of the k-space
from the valence band, at which point the interaction with a
lattice vibration actually occurs [70].Comparing all the band
gap energy values with the dielectric band gap energy value,
the indirect forbidden transition (n=3) values are calculated
as 5.355, 5.069, 5.00, and 5.148 eV which is similar to the
dielectric band gap energy values 5.387, 5.096, 5.029 and
5.11 eV for the samples TAN10, IAN20, IAN30, and IAN40
respectively. Thus, we conclude that the indirect forbidden
transition is taken place in the prepared samples.

Transference Number Analysis
Transference numbers are evaluated using Wagner’s DC

polarization technique using blocking electrodes. In this
technique, the setup is made by the configuration as one
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Table 6 Comparison of

. S.No Sample Direct-allowed  Direct-forbidden Indirect-allowed Indirect-forbid-  Dielectric
different n val}les bapd gap band gap band gap (n=3/2) band gap (n=2) den band gap band gap
energy with dielectric band gap (n=1/2) (n=3) V)
energy

1 IAN10 4.905 5.155 5.293 5.355 5.387
2 IAN20 4.629 4.892 5.042 5.069 5.096
3 IAN30 4.515 4.816 4.969 5.000 5.029
4 TIAN40 4.781 5.007 5.113 5.148 5.111

side graphite-coated silver electrode Il solid polymer elec-
trolyte Il silver electrode. A dc potential of 2 V is applied
over this setup. Current is taken as a function of time until
constant state is appeared. The initial current is decreased
with increase of time [33] [25] which is shown in Fig. 16.
The t;,, and t,,. values are calculated by using the formula.

through both ions and electrons, but the final saturation cur-
rent is completely caused by electron conduction [73]. The
calculated transference numbers of the prepared electrolytes
are listed in Table 7. The ionic transport number is 0.999
for higher conducting sample IAI30. This value is closer to
unity. From this, it is confirmed that ionic transport is higher
than electronic transport for prepared electrolyte.

tion = Li= Ig/T;, (18) Transference number (t,, and t;,,) and Conductivity (o)
are used to calculate the following parameters

tge = L/L, (19) D=D,+D_= KTa/nez, (20)

where t;,,, represents transport number of ions, t,, repre-

sents transport number of electron, I; represents final cur-
rent, I; represents initial current [72].

The graphite-coated silver electrode is used to block the
ions, the high initial current is the result of transmission

@ Springer
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o tele = ﬂ—//’l+ + H_s (26)
30 ——1aNa0| where D = Diffusion coefficient (cm?/s) K =Boltzmann
i constant (1.3806 x 10~ m? kg s=2 K™!), 6 = Conductivity
il of the sample (S cm™h), e =Charge of the electron (1.602
0.0 x 10712 C), u=Mobility (cm?*/Vs), n—Number of charge
195 | S carriers, N = Avogadro’s number (6.023 x 10> particles per

< 1 w‘ mole), p=Density of the salt (LINO;=2.38 g/em?).
é 130. The conductivity increases up to 30 wt% of LiNO; added
€ 65 \\ system and a similar pattern is seen in the diffusion co-
g 0- efficient and ionic mobility of cations and anions which is

=] i displayed in.

O 20'7- Table 7. Accordingly, values of D, and p, for cations
13'8_ are higher than the values of D_ and u_ for anions. The
6.9 diffusion co-efficient and ionic mobility induce the higher
0.0 L ionic conductivity [74]. This suggests that ions are primar-
1 ily responsible for the charge transport in all these polymer
it electrolyte films. Ion—ion and polymer-ion interactions may
9.6 have an impact on the macroscopic transport parameters,
48] \ which would explain by the high transference number [75].
1 As reported in Asnawi ASFM et al., the polymer electrolyte
£ ' . ' ; ’ ; system of chitosan/dextran-NaTf with12 wt% of glycerol
0 400 800 1200 1600 has attained maximum DC ionic conductivity and ¢,,, value
Time (s) as 6.10x 107 Scm™! and 0.988 respectively [62]. Dextran/

Fig. 16 Wagner DC polarization curve of IAN10, IAN20, IAN30 and
TAN40 at ambient temperature

tele = (D—)/(D+ + D_)’

W= p,+ p_=o/ne,

tion = #+/#+ tu,

(22)

(23)

(24)

(25)

and chitosan/42 wt % LiClO,: glycerol-based solid poly-
mer electrolytes attained the conductivity as 4.16x 107*
Scm~'and ¢,,, value as 0.948 [76]. Compared the previ-
ous reports, Iota carrageenan/Acacia gum/LiNO;Ethylene
glycol blend polymer electrolyte has attained the improved
conductivity and t,,, value as 1.77 x 10~ Scm~! and 0.999

respectively(See Fig. 17).

Electrochemical Analysis of Symmetrical
Capacitor

Cyclic Voltammetry

A symmetrical capacitor has fabricated by using the higher
conducting solid polymer electrolyte and their electro-
chemical performance has analyzed by cyclic voltamme-
try (CV) method. Figure 17a depicts the CV curve of a

Table 7 Mobility and diffusion coefficient of prepared solid polymer electrolyte

Weight of  No. of charge car- Transference Diffusion co-efficient in cm*/s Mobility (i) in cm?/Vs
salt in % riers (n) in cm™> number

Tion Tele D D+ D_ u Uy u_
10 1.03x10% 0993  0.007 5.53x1077  549x1077 370107  2.11x107°  2.10x107°  1.42x1077
20 2.06x10% 0995  0.005 7.92x1077  7.88x1077 3.72x107°  3.03x107°  3.01x107°  1.44x1077
30 3.09%10% 0999  0.001 9.32x1077  9.34x1077 4.67x107'"  357x107°  3.57x107°  1.79x107%
40 4.13%x10% 0977 0.022 835x1077  8.17x1077 1.86x107° 3.19%x107°  3.12x107%  7.12x107%
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Fig. 17 a CV curves of devices at different scan rates; b Comparison of specific capacitance and area for the devices

symmetric capacitor at various scan rates of 5-100 mV/s
in a potential window covering — 0.2to 1.4 V.

The CV plot displays the leaf shape which is indicative
of typical electric double layer capacitor (EDLC) behavior
and the specific capacitance of the designed EDLC has
been determined using the following equation:

S 1av

Cspe =—, @n
vm ( V= Vl-)

where the initial and final voltages, respectively, are denoted

by V; and V. The active material’s mass, scan rates, and the

actual %rea of the CV curve are all denoted by the letters m,

s
v, and [ IdV, respectively [77].
v

The lack of a redox peak in the CV profile is caused
due to the diffusion of the anions and cations from the
LiNOj; salt at the interface of the activated carbonic elec-
trodes rather than intercalation/deintercalation process. As
a result of non-Faradaic reaction, ions are accumulated as
charge double layer using electrons from activated car-
bonic electrodes based on potential energy. The leaf like
form of CV curve is satisfactory instead of being perfect
rectangular, when internal resistance and electrode rough-
ness are considered [73].

The calculated specific capacitance (Cy), at different
scan rate are tabulated in.

Table 8. The loop’s surface area increases along with
the scan rate due to the effective migration of ions. Due
to the decreased resistance, the CV graph’s surface area
increases. Hence the higher conducting sample IAN30 is
suitable to store energy as EDLC.

Figure 17b clearly explained about the relation between
specific capacitance and curve area with scan rate.
The value of specific capacitance (C,) of the device is

@ Springer

Table 8 The calculated device’s, specific capacitance, power density,

energy density, and area

Cyclic voltametric

Galvanostatic charge—discharge (GCD)

C, (F/g) C, (F/g) Power density ~ Energy
(W/kg) density (Wh/
kg)

31.41 22.86 1000 4.44

39.34 15.87 1100 3.09

50.39 12.02 1200 2.33

73.75 9.29 1300 1.806

89.22 5.01 1400 0.972

132.46 4.51 1500 0.875

decreased while the scan rates are increased. At a low scan
rate of 5 mV/s, the specific capacitance value of EDLC is
132.46 Fg~.

Galvanostatic Charge Discharge Curve (GCD)

Figure 18a and b displays the GCD curves and current den-
sity vs. specific capacitance of the prepared symmetrical
capacitor. Due to the low electrolyte resistivity of a system,
a discharge begins at a certain potential window relative to
its current density. A slight potential drop (self-discharge) is
observed at the beginning of the discharge curve.

The most important elements in the performance of elec-
trochemical supercapacitors are the specific energy density
and power density. Power density is the amount of power
in a given mass, and energy density (E,) is the quantity of
energy in a given mass (or volume). A system can store a
lot of energy in a relatively small amount of mass if it has a
high energy density. Power density is not always correlated
with energy density. Even though it has a low power density,
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Fig. 18 a GCD curves of devices at different current density. b Current density vs specific capacitance relation of EDLC
a device with a high energy density can work for a consider- 550
able amount of time.
The energy and power density are calculated from the
following relation, 500 -
E=1Lcy (28)
277 c
o 450 > b b P > b
E @ > >
P=—, (29) 1, » *
Ar >
where E—energy density (Wh kg~!') and P—power density M
(W kg™"). At—discharging time (s), V—potential window
(V). The measured energy density and power density are
shown in Table 8. ¥ —T T T
0 10 20 30 40 50 60

The equivalence series resistance (ESR) or internal resist-
ance of the fabricated symmetric capacitor is calculated by
using the following relation.

ESR =V,/i, (30)

where V stands for the voltage drop. The ESR value is
plotted versus cycle counts up to 100 cycles in Fig. 19.
This ought to be stated that the ESR value during the first
cycle is 420 ohm. It gradually increases as the cycle number
increases until the cycle number reaches its 50th cycle. The
increase in the V ; value is the main reason for the ESR value
to increase. The charge-discharge method, the gap between
the electrodes and the utilized polymer electrolyte for the
current collector are the major causes of the internal resist-
ance in the fabricated symmetrical capacitor [4].

The E, value at the first cycle was determined to be 0.87
Wh kg~! according to Fig. 20. Beyond this point, the E,
values are decrease and then essentially constant with a
mean value of 0.45 Wh kg™! at 50th cycle. According to
this, the energy barrier for anions and cations to transfer

Cycle number

Fig. 19 The ESR value against cycle numbers up to 50 cycles

in the electrolyte is essentially the same from the first to
the fiftieth cycle. Due to an increase in the ESR value, the
E, value slightly decreased during the course of 50 cycles.
Therefore, the amount of stored energy lost throughout the
charge—discharge cycles increases.

At the first cycle, the power density (P,) is 1500 W kgL
After that, a charge-discharge process causes the P, value
to steadily constant shown in Fig. 21. These could be con-
nected to the electrolyte’s depletion. Rapid charge—discharge
caused ion aggregations to develop, that prevented ions from
being transported to the electrode surface. The ions adsorp-
tion consequently decreases at the electrode and electrolyte
contacts [3, 78, 79].

As discussed in Aziz et al., the fabricated EDLC device
using chitosan (CS): poly (ethylene oxide) (PEO): LiClO,
electrolyte system shows a specific capacitance of 6.88 Fg~!,
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Fig.21 Power density (Pd) for the fabricated symmetric capacitor

throughout 50 cycles

power density and energy density as 305 W kg~! and 0.94
Wh kg~! for complete 100 cycles respectively at a current
density of 0.5 mA cm~2 [6]. As compared to the above one,
the fabricated symmetric capacitor performs well and the
obtained specific capacitance is 22.89 Fg~! at 0.20 Ag~!
current density. The attained galvanostatic charge—discharge
time (At) is 16 s. The values for energy density and power
density are 1000 Wh kg~! and 4 W kg~!, respectively. The
results reveal the fact that the minimal current density
gives a higher energy density and vice versa. Hence the
higher conducting polymer electrolyte is suitable for EDLC
application.

@ Springer

Conclusions

Biopolymer electrolyte based on optimized 60wt% Iota car-
rageenan:40 wt% Acacia gum: 0.75 ml Ethylene glycol blend
incorporated with various wt% of LiNO; have been created
using the solution casting method. The presence of LiNO; in
the polymer blend brings down the peak’s intensity, which
in turn increases the amorphous character of polymer elec-
trolytes. According to the XRD spectra of all of the syn-
thesized samples. Functional groups reveal the insertion of
alkali metal (LiNO;) that arises from wave number shifts
in the FTIR analysis. From FTIR deconvolution, the higher
conducting sample attains higher percentage of free ions
(82.93%) and lower percentage (17.07%) of contact ions. All
prepared samples’ impedance plots were fitted with equiva-
lent circuits using the ZView program. An impedance inves-
tigation reveals that the presence of LiNO; causes a reduc-
tion in resistance value. The TAN30 sample’s conductivity
is increased to 1.77x 1073 S em™, and the relaxation time
decreases to 2.39x 10~ s. All prepared biopolymer electro-
lytes follow Arrhenius’s behavior, as shown by the temper-
ature-dependent conductivity graph. The QMT conduction
mechanism is followed by the high-conducting electrolyte.
Dielectric results showed that all samples’ dielectric permit-
tivity constant & loss both increase as LiNO; wt% increases.
Modulus investigations revealed the impact of electrode
polarization. Wagner’s polarization method confirmed the
high ionic transport from high cationic number of 0.999 for
TAN30 sample. After examining the optical properties of the
electrolytes, it is discovered that the lower band gap value
of TAN30 is 5 eV. This complements the higher conduct-
ing sample’s minimum band gap than other samples. The
higher conducting electrolyte has used for the fabrication of
Symmetrical electric capacitor (EDLC) and Electrochemical
cell. The CV curves for the Symmetrical capacitor reveal the
non-faradaic reaction and are found to be suitable for energy
storage applications. A maximum power density of 1000 W/
kg and energy density of 4 Wh/kg are reached for EDLC
at 2 A/g current density. Ultimately, it is concluded that
the higher conducting electrolyte is a worthy candidate for
symmetrical capacitor applications. As a part of the future
work, it is advisable to select the metal organic framework
as electrode materials because of its very high porosity and
thereby high surface area and super performance is attained.
To improve the performance of electrolytes, it is preferable
to incorporate theionic liquid with the biopolymer. The ionic
liquids can contribute to the increase of the concentration of
cations and thus to the overall conductivity of the polymer
salt complexes.
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