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AaaEplisib § Ayl AU Biopolymer electrolytes based on cornstarch and polyvinyl pyrrolidone blend
Published online: with different weight per cent of sodium fluoride salt were synthesized using
25 April 2022 solution casting technique. The amorphous nature of the polymer blend with the

addition of NaF had been studied by X-ray diffraction studies. Fourier Trans-
© The Author(s), under form Infrared studies helped to discover the presence of functional groups and
exclusive licence to Springer the complex formation between the bonding of polymers chains. Using AC
Science+Business Media, LLC, impedance analyzer, the dielectric behaviour was recorded in the frequency
part of Springer Nature 2022 (1 Hz-1 MHz) and various ranges of temperature (303-373 K). The ionic con-
ductivity was improved with the increase of salt concentration as well as tem-
perature. The maximum conductivity of 4.6629 x 10™* S cm™' was obtained for
15 wt% of sodium fluoride-added electrolyte. The temperature dependence of
conductivity for polymer electrolyte films has followed the Arrhenius relation
and minimum activation energy of 0.1775 eV was noted for the sodium fluoride-
added sample. Relaxation time () was identified from the tangent loss peak
observed at 303 K. Wagner’s DC polarization technique confirmed that the
conductivity was due to the ions. The modulus spectra indicated the Non-Debye
nature of the electrolytes. Argond plot investigated the relaxation process.
Electrochemical stability was confirmed by Cyclic voltammetry.

1 Introduction pollution. For this reason, we prefer biopolymer
electrolytes based on extracts such as starch and

Recent research is based on solid electrolytes for ~ green gum. Normally, every biological substance

numerous applications like a weightless battery with ~ (polymer) has ionic-conductive properties that are

high voltage, and also focussed on whether it has essential for ionic motion [1].

biodegradable properties which help to reduce land
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The structure of the battery comprises two elec-
trodes separated by an electrolyte. Our work focuses
on biopolymer electrolytes for energy storage devices
[2]. The best characteristic of solid polymer elec-
trolytes is that it does not react with electrodes. Sev-
eral applications for energy storage devices are fuel
cells, solar cells, portable batteries, sensors, power
banks, and supercapacitors [3].

Synthetic polymers such as PEO, PVdF, PVA, and
PAN are often used as a polymer host in solid
polymer electrolytes, which are non-biodegradable
and toxic and can cause environmental problems.
The remedy for environmental pollution is to use
natural polymers such as chitosan, starch, pectin,
agar, methylcellulose, and cellulose acetate, which
have been suggested by researchers to form Solid
Biopolymer electrolytes [4-8].

Corn starch is a natural polymer starch. It is used
as the host polymer for electrolytes. Starch is usually
formed in plants by photosynthesis. Corn flour con-
tains amylose (poly-o-1, 4-d-glucopyranoside) and
the bronchodilator and amylopectin (poly-o-1, 4-d
glucopyranoside and o-1, 6-di-glucopyranoside)
Corn starch (CS) is a semi-crystalline polymer that
consists of two chains, a linear amylase, and a chain
of branched amylopectin [9-11].

Polyvinylpyrrolidone (PVP) is used as a blend
polymer to improve the deformation for ionic
mobility. Polyvinylpyrrolidone (PVP) is a polymer
that combines exceptional possibilities such as eco-
friendliness, easy processing, and complex-forming
capabilities [3, 12-14]. The side chains of PVP contain
a carbonyl group (C=0), which helps to create dif-
ferent complexes with different mineral salts. It
interacts more with different types of ions and
increases the number of free ions in the system
[15, 16].

The Sodium fluoride (NaF) is added to the blend
polymer electrolyte to further increase the conduc-
tivity value. Sodium-bonded biopolymer electrolytes
are a probable competitor to replace lithium ion-
based batteries owing to the low cost of sodium in
battery application [6, 17]. NaF with a synthetic
polymer such as PVA-PVP has been reported by the
incorporation of salt with blend polymer [18]. PVP-
PVA with 2 wt% of NaF blend electrolyte reported
the conductivity of 10* S em™' [19] and PVP-PEO
blend and NaF shows maximum conductivity of 10~®
S em ™! [20]. From the earlier reports, it is confirmed
that the blend of 80 wt% cornstarch and 20 wt% PVP
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is having the high conductivity of 4.90217 x 107 S
cm™' and low activation energy (0.16 eV) [21]. For the
environmental friendly purpose and to increase
maximum conductivity of electrolytes, 80 wt%
Cornstarch:20 wt% PVP blend polymer electrolytes
has prepared as blend polymer and then salt is added
to the system to attain the maximum conductivity in
the range of 107* S cm™" [11].

2 Experimental method
2.1 Materials

Cornstarch with monomer C¢H;0Os was purchased
from SRL chemicals (SISCO RESEARCH LABORA-
TORIES PVT. LTD) with NF grade and PVP with
monomer CsHgINO was procured from Sd fine-chem.
Ltd., India (SDFCL) with USP grade. 98.5% purity of
Sodium fluoride was procured from oxford labora-
tory chem. Ltd and double-distilled water is used as a
solvent.

2.1.1 Characterization technique

X-Ray diffractometer designed by Bruker was used to
confirm the phase structure of the polymer elec-
trolyte. This instrument scanned in the range of
2 = 10° to 60° at a rate of 5° per minute with CuKa
radiation. To evaluate the complication, The SHI-
MADZU IR Tracer 100 spectrometer was used to
observe FTIR spectra with a resolution of 4 cm™" at
wavenumbers ranging from 4000 to 400 cm™'. The
ionic conductivity and dielectric properties of the
polymer electrolytes were investigated using a com-
puter-controlled HIOKI 3532 LCR metre in the tem-
perature range of 303-368 K and a frequency range of
42 Hz-1 MHz. Using the CH-Instrument Model
6008e, the electrochemical property of the sample
was examined using cyclic voltammetry (CV).

2.2 Preparation method

The solution casting technique was used for the
preparation of solid biopolymer electrolyte (SBE).
Using magnetic stirrer, 80 wt% of cornstarch was
dissolved by 30 ml of deionized water with 0.42 ml
acetic acid for 20 min at 85 °C. At the same time 20
wt% of PVP was dissolved in 20 ml of deionized
water for 1 h at room temperature and different X (5,
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10, 15, and 20) wt% of sodium fluoride (NaF) was
dissolved in 10 ml of deionized water. The solutions
were mixed by a 1-h time interval to make a
homogenous solution. The final dissolution was
poured into a 50 mm Petri dish and placed without
any disturbance for 8 days to evaporate the solvent.
The prepared electrolytes were kept in desiccators for
further characterization. The image of the prepared
solid polymer electrolyte is given in Fig. 1a. The
possible chemical interaction with the blend polymer
chain and sodium fluoride salt is given in Fig. 1b. The
details of the quantity of chemicals in gms for the
preparation of PBE are given in Table 1 rather the
wit%.

3 Result and discussion
3.1 XRD

XRD helps to study the impact of various wt% of
sodium fluoride salt with 80 wt% CS:20 wt% PVP
(CS/PVP) blend polymer sample which is observed
in the diffraction pattern in the angle of 10°-60°
range. The recorded patterns are shown in Fig. 2. The
sample code CPF5, CPF10, CPF15, and CPF20 stands
for the prepared solid polymer electrolyte with 5, 10,
15, and 20 wt% of NaF salt, respectively. The
observed XRD pattern confirms the presence of
Cornstarch which are having humps at 16.8°, 19.5°,
21.8° [22], and the appeared broad hump at 30.5° for
PVP [23]. The intensity of the humps is decreased by
increasing the salt concentration. For CPF 15, the
intensity of humps related to CS is decreased and the
hump related to PVP is slightly increased. The
amorphous nature of the blend polymer is increased
while increasing the wt% of sodium fluoride salt up
to the CPF15 sample. After increasing the salt con-
centration, the CPF20 electrolyte shows the new peak
at 31° and 39° which is due to the NaF salt which is
confirmed using JCPDS no-36-1455 [14, 23, 24]. The
absence of peaks representing NaF up to CPF15
ensures the thorough dissipation of NaF salt in the
blend polymer system [24, 25]. As the NaF salt con-
centration is increased for CPF20 Sample, a peak at
31° tends to appear resulting in a decrease in ionic
conductivity.

@ Springer

J Mater Sci: Mater Electron (2022) 33:12648-12662

3.2 FT-infrared analysis

The functional groups and structure identification
can be carried out based on FTIR spectral analysis.
Figure 3a depicts the vibrational bands present in
CS/PVP blend with different sodium fluoride con-
centrations. Observed FTIR transmission bands of all-
polymer electrolytes are explained in Table 2. The
wide bands of the hydroxyl group (O-H) stretching
for the sample are reported at 3323 cm™' [26]. The
vibrational band are recognized at 2924 cm',
1655 cm ™!, 1427 em ™!, and 1422 cm ™! which corre-
sponds to CH, asymmetric stretching, C=0, C-H,
and CH, wagging stretching, respectively [27, 28].

Figure 3b clearly shows the vibrational bands in
the 1800-600 cm ™' range. The band corresponding to
C-N stretching is observed at 1288 cm ™. The inten-
sity of the C-C stretching get increased and this band
is located at 1001 cm™"' and C-O in C-O-C stretching
observed at 995 cm ™" for all the prepared samples.

The C-O stretching for the salt-added sample is
observed at 1151 cm™". The vibration band observed
at 1560 cm™! is assigned to C=C Stretching and the
band at 646 cm™' is assigned to CF, bending [29].
This band represents the evidence of the complexa-
tion and interaction of the polymer blend system
with NaF salt on the chemical structure of the
electrolyte.

3.2.1 FT-infrared deconvolution

Origin 8.5 fitting software is used to execute the
deconvolution method, which is based on the Gaus-
sian—-Lorentz function. The dotted line represents the
experimental peak, whereas the solid lines reflect the
fitting data. Based on the interaction of NaF with
blend electrolyte there are two possible interrela-
tionships with CH, and CH stretching. Figure 3c
shows the FTIR deconvolution for different NaF
compositions. Absorbance peaks at 1427 cm™' denote
the anion vibration mode of C-H stretching, which
proved the IR active in FTIR study. Figure 3d depicts
the fundamental modes proved that peak at
2924 cm™' was corresponding to CH, asymmetric
stretching for NaF. As a result, the F~ band became
extremely important in the study of ion dissociation
in the polymer electrolyte system [29, 30]. The per-
centage of free ions/conduct ions of salt within the
polymer host in C-H band region can be measured
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Fig. 1 a Prepared solid
polymer electrolyte and the
flexibility. b Possible chemical
interaction within the polymer
matrix
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using the deconvolution technique using the follow-

ing equation:

Percentage of free ion (%) = (A¢/ (As + Ac)) x 100.

(1)

From the deconvoluted FTIR peaks, Ay is the total
area of the free ion region and A. is the total area of
the contact ion region. As a result of the obvious ions
interaction in CPF5, CPF10, CPF15, and CPF20, the
region between 1480 and 1400 cm ™' was chosen for
the percentage of free and contact ion calculation, the
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Table 1 The quantity of
chemicals in gms for the

Cornstarch:PVP:NaF Composition in wt%

Cornstarch:PVP:NaF Composition in grams

preparation of PBE

0.8421:0.1443:0.0136
0.8307:0.1424:0.0269
0.8197:0.1405:0.0398
0.8090:0.1386:0.0524

80:20:5
80:20:10
80:20:15
80:20:20

>

)

c
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£
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Fig. 2 X-ray diffraction pattern of CS/PVP, CPF5, CPF10,
CPF15, and CPF20

calculated values are given in Table 3. The percentage
of free ions in NaF-added polymer electrolyte is
enhanced up to CPF15 due to increased ion dissoci-
ation [31, 32].

The system with CPF15 achieves the highest pro-
portion of free ions. The percentage of free ions in
electrolytes decreases beyond the indicated value
CPF15 due to ion association. Hence, the peak of NaF
at 1450 cm™' and 1463 cm™' is thought to be
attributable to the free ion. Thus, the peak of NaF at
1425 cm™! and 1450 cm ™' was assigned to the free
anion and the peak at 1463 cm ™" is attributed to the
contact ions [33, 34]. Higher conducting electrolyte
attains highest value of 55.5% of free ion and lowest
value of 44.5% of contact ion than the other concen-
tration electrolytes. The presence of free and contact
ions in the prepared electrolyte system is shown in
Fig. 3c and d.
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3.3 AC impedance spectroscopy

3.3.1 Cole—Cole plot

An impedance plot (Z” vs. Z') is also known as the
Nyquist plot, in which Z’' describes the resistance
area and Z” values describe the capacitance area [35].
The conductivity of the prepared electrolytes are
calculated based on the equation below:

o = I/R A, (2)

where [ is the thickness of electrolyte, R}, is bulk
resistance, and A, is the electrode—electrolyte contact
area. A screw gauge is used to measure the thickness
of all solid polymer electrolytes [36]. Figure 4a shows
the Cole—Cole plot observed from AC Impedance
measurements of the CS/PVP, CPF5, CPF10, CPF15,
and CPF20 electrolyte. Cole—Cole plot for the pre-
pared samples shows a low-frequency spike with the
high-frequency semicircle. The low-frequency spike
is based on the polarization effect in the electrolyte—
electrode conduct area. The semicircle is formed in
the high-frequency region owing to the bulk resis-
tance effect [37].

The equivalent circuit for the electrolytes is char-
acterized by Z view fitting software and the calcu-
lated conductivity values of CS/PVP, CPF5, CPF10,
CPF15, and CPF20 are listed in Table 4. Two sets of
Parallel combination of resistance (R) and capacitance
phase element (QPE) are used to fit the high-fre-
quency semicircle region, which is based on supple-
mentary interaction of salt and polymer chain and the
spike is fitted by capacitance phase element (QPE)
[12, 22, 29]. In all the prepared electrolytes, 15 wt%
sodium fluoride-doped polymer sample shows
maximum conductivity 4.6629 x 107*S cm™" at room
temperature (303 K).

Figure 4b shows the cole—cole CPF15 polymer
sample which is heated to different temperatures. By
way of the temperature increases, the bulk resistance
reduces and leads to the improved conductivity of
the sample [38].
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«Fig. 3 a Fourier Transform Infrared analysis of CS/PVP and
different wt% of sodium salt-doped system in 4000 cm™' to
600 cm™' range. b Fourier Transform Infrared analysis of CS/
PVP and different wt% of sodium salt-doped system in
1800 cm™' to 600 cm™' range. ¢ Deconvolution of the FTIR
spectra at a wave number lies in the range of 1480-1400 cm™".
d Deconvolution of the FTIR spectra at a wave number lies in the
range of 3000-2800 cm ™"

Table 2 FTIR functional group analysis

Assignment Wave number (cm™")
O-H stretching 3323
CH, asymmetric stretching 2924
C=0 Stretching 1655
C—H stretching 1427
CH, wagging 1422
C—N stretching 1288
C—O stretching 1147
C-O in C-O0-C 995
C—C stretching 932
C-H asymmetric stretching 854
CF, bending 651

Table 3 FTIR deconvolution free ions and contact ions

percentage

Sample Free ion % Contact ion %
CPF5 49.6 50.4

CPF10 45.2 54.8

CPF15 55.5 44.5

CPF20 50.1 49.9

3.3.2  Conduction spectra

Figure 5 represents the distinction of electrical con-
ductivity with the function of frequency for the pre-
pared electrolyte system. The conductivity
behavioural aspect of CS/PVP, CPF5, CPF10, CPF15,
and CPF20 has two distinct areas which are the high-
frequency dispersion region by bulk relaxation and
low-frequency independent plateau region [11].
Electrolyte CPF15 has a plateau region and logarith-
mic conductivity value slightly rises in the high-fre-
quency region. In the low-frequency region, the DC
conductivity can be determined by extending the
plateau region on the (log o) y-axis [18, 39].
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The ionic conductivity from operating frequency
for the prepared electrolyte and salt mixing elec-
trolytes at 303 K temperature is discussed using
Jonscher’s general power law as follows:

o(w) = 0, + Ao", (3)

where g, is the limiting zero frequency conductivity,
A is the pre-exponential constant, and o is the
angular frequency [40]. However, the addition of
different wt% of the salt leads to an increase in o,
value. CPF15 electrolyte attains a high conducting
value of 4.6629 x 107* S cm™' owing to the increase
in the number of ions in the sample. Further, with the
increase in salt concentration, conductivity value
decreases [3].

3.3.3 Temperature-dependent conductivity

Figure 6 depicts the Arrhenius plot for different
polymer blend electrolytes. The activation energy (E,)
is calculated by using the following expression:

o = 6oexp (—E./kyT), (4)

where ¢, is the pre-exponential factor, ki, is the
Boltzmann constant, and T is the temperature. Acti-
vation energy is the energy required by ions to
overcome the barrier to move freely. The movement
of ions in this system follows the ion hopping
mechanism. The conductivity increases as the tem-
perature increases, some of the ions in the electrolyte
acquire energy become free electrons and promote
conduction [41, 42]. Calculated activation energy is
0.18 eV for higher conducting sample which is lower
than the others [43]. Determined activation energy is
given in Table 5.

3.3.4 Dielectric studies

Dielectric constant (¢)) and dielectric loss (¢”) are
detected over the frequency range 42 Hz to 1 MHz at
room temperature. Figures 7 and 8 show the varia-
tion of ¢ and ¢” with a function of frequency for CS/
PVP blend with different wt% of sodium fluoride salt
[44]. The real and imaginary parts of the complex
permittivity have been premeditated by a relation
[26].

&(w) = d(w) — id(w) (5)

The complex dielectric constant ¢, and dielectric
loss, ¢ are calculated as follows:
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Fig. 4 a Cole—cole plot of CS/PVP blend and various wt% of sodium fluoride-added electrolytes. b Higher conducting sample CPF15 at

different temperatures

Table 4 Calculated conductivity value using bulk resistance Ry
value

Sample Conductivity @, (S cm™")
CS/PVP 5.3405 x 107°
CPF5 3.3413 x 107°
CPF10 4.0955 x 107
CPF15 4.6629 x 107*
CPF20 9.7919 x 107°
A
-2 4
-39
"

log o (S cm™)

—=&— CS/PVP

- —e— CPF5
% —A— CPF10
4 v CPF15
¢ CPF20
-10
L] L) L) L) v
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Fig. 5 logarithmic angular frequencies (w) versus conductance
(o) for all the prepared samples at ambient temperature
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Fig. 6 Plot of 1000/T versus logarithmic conductivity value

Table 5 Activation energy for the prepared electrolytes

Sample Activation energy E,
CPF5 0.3858
CPF10 0.3558
CPF15 0.1775
CPF20 0.2204

From Figs. 7a and 8a, the frequency dependence of ¢
(w) and ¢’ (w) at room temperature can be explained
about the space charge polarization effect at the
electrode-electrolyte  interface. =~ The  dielectric
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permittivity value of CPF15 is higher than CS/PVP
electrolyte at low frequencies. The periodic reversal
of the field occurs when the frequency increases,
dielectric permittivity (¢' (w), ¢’ (w)) is initiated to
reduce and become zero for all samples. It represents
there is no conceivable orientation for the charge
carriers in the field direction as well as there is less
diffusion of charge carriers towards the field direc-
tion [44].

Figures 7b and 8b denote the dielectric studies of
higher conducting sample (CPF15) with the increase
of temperature, dielectric permittivity and loss both
are increased. The reason is that the free-moving ions

@ Springer

get more energy and this creates the ions to line up
with the externally applied field by increasing the
temperature. Hence, at low temperatures, mobile ions
fail to line up at the externally applied field owing to
low energy content [45, 46].

3.3.5 Modulus spectra

AC impedance spectrum provides electrical beha-
viour in the low-frequency range. Modulus studies
give more information about dielectric behaviour.
The equations for real electrical modulus M’ and
imaginary modulus M" can be expressed as follows:
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M/ _ 8//(8/2 + 8//2) (8)
Mn = en/ (e + &) (9)

Figures 9 and 10 show the real (M’) and imaginary
(M) part of the electric modulus, respectively
[47, 48]. At the low-frequency region, M’ and M"
decrease due to the electrode polarization process
and a long tail is observed in the plot and it confirms
a large capacitance related with electrodes [49].

This confirms the non-Debye behaviour in the
samples. From Fig. 9a, the value of M’ rises with
increasing frequency and touches the maximum at
higher frequency lacking relaxation peaks, which is
owing to the supply of relaxation processes over a
range of frequencies [50]. Figures 9b and 10b plots
show the variation of M’ and M"” with temperature
for the higher conducting sample CPF15. As tem-
perature rises, the value of the electric modulus
moves towards a higher frequency [41].

3.3.6  Argond plot

The bulk dielectric effect of the higher conducting
sample is interpreted from complex modulus spectra.
Figure 11 represents the argond plot of sample CPF15
observed at different temperatures. The spectrum
explained the occurrence of the imperfect semicircle.
Primarily, dielectric data can be changed into mod-
ulus data and complex modulus (M*) which are sta-
ted as [3, 11, 51, 52]

a  0.00020
0254 = CSIPVP u S —
4 ."f.. -
If.
0.000154 °* ;
s :
0409 -
0.000104 °*1 ™ J'."
" R S
= log o (Hz)
A
)
= CPF5 ‘A‘
0.00005 < —CPF10 L
A— CPF15 A
—v— CPF20 L
9 A
0.00000
L) L) v L] L) L]
2 3 4 5 6 7

log o (Hz)
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M = M () + [M" (0) (10)
M* = j/CoZ" (11)

From Fig. 11 the curves reveal clearly incomplete
semicircles, indicating non-Debye behaviour. The
radius of the semicircle arcs reduces as the temper-
ature increases and it is confirms the improvement in
conductivity. When the radius of the semicircle arc is
reduced, the ions’ relaxation time in polymer elec-
trolytes is also shortened [3].

3.3.7 Tangent studies

Figure 12 illustrates tan ¢ with the variation of fre-
quency for CS/PVP, CPF5, CPF10, CPF15, and CPF20
at 303 K temperature. The dielectric loss tangent can
be defined as

tand = ¢'/¢ (12)

The wide dispersion peak detected at low fre-
quencies could be accredited to the interfacial polar-
ization mechanism. The sharp dispersion detected at
the highest frequencies could be credited to the
dipolar relaxation [12]. For the Salt mixed system, the
height of the hump is enlarged and get rid of the
higher frequency side signifying the increase of
movement of charge carriers [11, 38]. The alignment
of polar groups is estimated to be associated for the
dielectric relaxation phenomenon. The dielectric
relaxation time can be calculated with the equation
ot =1. o represents the peak frequency and <t

CPF15

—®— 313K

0.00010 =

0.00008 =

0.00006 =

0.00004 =

0.00002

0.00000 =

@ -
> -
o
o -
~

2
log o (Hz)

Fig. 9 a Real part of electric modulus for salt dopant system then the inserted plot represents M’ for blend system. b Real part of modulus

(M") with different temperatures for CPF15
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Fig. 10 a Imaginary part of electric modulus (M'") of CS/PVP and salt dopant system. b Imaginary part of modulus (M"") with different

temperatures for CPF15
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Fig. 11 Argond plot for higher conducting sample at various
temperatures

represents relaxation time of the electrolyte. Accord-
ing to the determined relaxation time, once the salt
concentration increases, the relaxation time decreases
up to the CPNC10 sample. These higher conducting
samples achieve the lowest relaxation time. The
relaxation time value for CPNC12 was enhanced.

¢ (t) = exp (/1) (13)

where 7 and f are tangent relaxation time and the
Kohlrausch exponent, respectively. The minimum
value of t indicates the more electrical relaxation
process [43]. Using the formula f = 1.14/FWHM
exponent value of all the prepared compositions is
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Fig. 12 Tangent Analysis (tan 6) for CS/PVP, CPF5, CPF10,
CPF15, and CPF20

calculated. The f values are listed in Table 6 indi-
cating the non-Debye nature of the electrolytes [53].

3.3.8 Transference number studies (TNS)

The ionic and electronic transport for conductivity
can be determined by Wagner's DC polarization
technique. A dc potential of 2 V is applied in between
graphite-coated silver electrodes which act as block-
ing electronic transport and silver electrode. Current
is taken as a function of time until the constant state
has appeared. The initial current is decreased with
the increase of time [25, 32] which is shown in Fig. 13.
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Table 6 Value of relaxation time and Kohlrausch exponent
parameter

Sample Relaxation time 7 (s) FWHM p

CPF5 2.5457 x 107 2.5093 0.4543
CPF10 2.0089 x 107 2.4381 0.4675
CPF15 9.3562 x 107 1.7885 0.6374
CPF20 4.8489 x 107* 2.5367 0.4494
t, = Ii_If/Ii (14)
. = If/]i, (15)

where t, represents transport number of ions; f_
represents transport number of electron; I; represents
final current; I; represents initial current [1]

The calculated transference numbers of the pre-
pared electrolytes are listed in Table 7. The ionic
transport number is 0.98 for higher conducting sam-
ple CPF15. This value is closer to unity. From this, it
is confirmed that ionic transport is higher than elec-
tronic transport for prepared electrolyte [2].

n = (Np x molar ratio of salt)/molar weight of the salt

96« —@— CPF20
64«
324e
0
1230
<:th20
'é 410
t 0 4((©0000000000000000000000000000000000
>
O 7P —e— CPF10
780
\
39 ’j
\
0 - @000 o
69 p —e—CPF5
46
23
0 ©0000000000000000000000000000006 Bi
P 1 1 1 1 1 1 1 1 1

0 100 200 300 400 500 600 700 800 900 1000 1100
Time (s)

Fig. 13 Transference number analysis for different wt% of NaF-
added electrolytes
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where N = Avogadro’s number (6.023 x 10** parti-
cles per mole), p = Density of the salt (NaF =2.56 g
-3
cm™ 7).
Transference number (tg. and t,,) and Conduc-
tivity (o) are used to calculate the following
parameters:

D = D, + D— = KTg/ne? (16)
tion = Dy/Dy + D- (17)
tee = D_/D+ + D_ (18)
p=py+pu =o/ne (19)
ton = My /By + 1o (20)
tete = p_/ py + H, (21)

where D diffusion coefficient (cm? s™!); K Boltzman
constant (1.3806 x 1072 m? kg s 2K™Y; ¢ Conduc-
tivity of the sample (S cm™'); e Charge of the electron
(1.602 x 107" ©); i Mobility (cm? Vs [11]

Up to 15 wt% of NaF-added system, the conduc-
tivity increases and a similar pattern is seen in the
diffusion coefficient and ionic mobility of cations and
anions, which is displayed in Table 7. Along these
lines, the transference number uncover the end that
higher values of D, and p, are responsible for the
higher ion conductivity [11]. For CPF20, there is an
increase of charge carries and a decrease of mobility
which is due to collision of charge carrier in the lat-
tice. So, the Conductivity of CPF20 sample is
decreased.

3.3.9 CV plot

The stability and electrochemical behaviour of the
electrolyte can be discussed using cyclic voltammetry
[51]. Cyclic voltammetry is executed in the potential
window (— 0.06 to 0.06 V) at various scan rates.
Figure 14 represents CV curves of CPF15 electrolyte
[54]. The intrinsic Faradaic reaction current of 50 mV
s~! was much higher than that of the low scan rate.
All Scan rates of 5 mVs™, 10 mVs™}, 25 mVs™}, and
50 mV s~! in CV curves show two clear symmetric
peaks showing up in the negative and positive scans,
suggesting the amazing reversibility of the Faradaic
responses [55].

The closed loops of CV curve represent good
electrochemical performance possibility. CV curves
of the CPF15 for various cycles show symmetry shape

@ Springer
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Table 7 Transport parameters of different wt% of NaF-added CS/PVP blend systems

Weight No. of charge Transference Diffusion coefficient in cm? s~ Mobility () in cm?® Vs™!
of salt in  carriers (1) in number
% cm™3
Tion Tete D D, D_ © et U
5 5.16034 x 1072° 09714 0.0285 1.06 x 10° 1.03 x 10® 3.02 x 107'° 4.05 x 107 3.93 x 107 1.16 x 10°®
10 1.03207 x 107" 0.9834 0.0161 6.48 x 107 638 x 10° 1.05 x 107'° 248 x 107 2.44 x 107 4.00 x 107°
15 1.5481 x 107" 0.9841 0.0158 4.92 x 10° 4.84 x 107° 7.81 x 107" 1.88 x 10° 1.85 x 10°° 2.99 x 107
20 2.06414 x 107" 0.9827 0.0172 7.75 x 107 7.62 x 107° 134 x 10° 296 x 1077 291 x 107" 5.11 x 107
relaxation time (r), FWHM, f for CPF15 sample is
posooe 9.3562 x 107 s, 1.7885, and 0.6374, respectively. The
diffusion coefficient and mobility of cations are
0.0000041 higher than anions and maximum for CPF15. The
Faradic behaviour of this higher conducting sample
_ 0.000002 has been observed from the Cyclic Voltammetry
< study. From this, it is suggested that this eco-friendly,
g — cost-effective biopolymer electrolyte could be used
< for energy storage device applications.
-0.000002 —
ey I— Author contributions

—— v T
-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06
Potential (V)

Fig. 14 Cyclic voltammetry behaviours of the CPF15 samples

of oxidation and reduction peaks, which confirms the
better electrochemical action [56-58].

4 Conclusion

CS/PVP blends with different concentrations of
sodium fluoride polymer samples are prepared by
the solution casting process. The XRD patterns con-
firm the CS/PVP blend polymer samples. The addi-
tion of salt with the polymer blend improves the
decreased intensity peak. FTIR studied -clearly
explained the presence of blend polymers by the
functional groups and the addition of salt developed
shifts in wavenumber. The highest conductivity
obtained for CPF15 sample is 4.6629 x 107* S cm ™.
Dielectric studies explained that with the increase of
temperature, dielectric permittivity constant and loss
both are increased for all samples. The effects of
electrode polarization were observed from modulus
studies. Argond plot explained the relaxation pro-
cess. The tangent loss peak used to calculate the
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