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A?:\é;ied f;f;i improved lithium-ion battery (LIB) applications. In this study, five

Available online xxxxx  electrolyte samples were produced using the direct-heat solution casting

Keywords: method. The data obtained from these samples were analyzed using SEM
Nanocomposite micrographs, and theoretical models including ionic conductivity equation,
polymer Nernst-Einstein equation, Fick’s law of diffusion, and Faraday’s law of
electrolyte, electrolysis. The results showed that Sample 3, which contained equal
Cassava starch, amounts of CS and PVP, exhibited a smooth surface with minimal cracks
Polyvinylpyrrol and the highest ionic conductivity (1.74 x 1073 S /cm), diffusion coefficient
idone, (3.34 x 1072 cm?/s), diffusion flux (2.31 x 10~* mol/m?.s), and electric
Lithium salt, charge (3.94 x 1073 C/s). The high ion transport properties observed in
lon transport, Sample 3 indicate excellent homogeneity between the components of the
lon-transport electrolyte film, making it ideal for enhanced lithium-ion battery
models. applications.

1 INTRODUCTION

The growing demand for energy storage systems, particularly LIB, has necessitated increased
investigation into ion transport in nanocomposite polymer electrolytes. In polymer electrolyte,
lithium salts serve as charge carriers by supplying mobile lithium ions (Li*) [1]. Lithium salt
dissociates within the electrolyte system, allowing Li* to migrate through the polymer matrix and
conduct electric charge [2]. The motion of Li* and the rate at which they move inside the polymer
matrix determine the electrolyte’s ability to conduct electric charge. Thus, polymers and
nanoparticles play a significant role in enhancing Li* transport [3].
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According to Zhang [4], polymers act as the host matrix for ion transport because they contain
functional group chains, such as ether (-C-O-C-) groups in synthetic polymers or hydroxyl (-OH-
) groups in biopolymers. These functional groups provide coordination sites that enable Li* to hop
along the polymer backbone, thereby enhancing ionic mobility [5,6]. In addition, nanoparticles
modify the polymer matrix through interfacial interactions with the polymer chains [7]. Their
nanoscale size, typically between 5 and 100 nm, results in a high surface-area-to-volume ratio,
which increases the amorphous content of the polymer matrix and creates additional pathways for
ion transport [8].

The pathways created by polymers and nanoparticles enable Li* to move more rapidly toward the
cathode to maintain charge balance, while electrons travel toward the anode through the external
circuit, generating electric current. These simultaneous ionic and electronic movements contribute
directly to the material’s macroscopic electrochemical performance, commonly observed during
the charging and discharging cycles of batteries [9].

The charging-discharging cycles give LIBs longer lifespans and faster charging capabilities
compared to traditional batteries [10]. As a result, LIBs are widely used in various applications
ranging from small electronic devices such as smart phones and laptops to large-scale systems such
as electric vehicles and renewable energy storage devices [11].

lon transport properties, which are related to impedance values, are experimentally determined
using Electrochemical Impedance Spectroscopy (EIS). These impedance values are further
analysed using theoretical models, including ionic conductivity model [12], the Nernst-Einstein
model [13], Fick’s law of diffusion [14] and Faraday’s law of electrolysis [15].

In this study, nanocomposite polymer electrolytes consist of CS biopolymer and PVP synthetic
polymer in varying mass proportions, while lithium acetate dihydrate salt, titanium dioxide
nanoparticles, glycerol plasticizer and borax crosslinker are maintain at fixed proportions. The
variation of CS and PVP compositions is intended to determine the formulation that produces the
best ion-transport performance, while simultaneously assessing the viability of CS as a sustainable
alternative material.

In energy storage systems, biopolymer materials such as cellulose and starch derivatives are being
investigated as alternatives to synthetic polymers because of the environment challenges associated
with synthetic polymers. Synthetic polymers are plastic-based materials that are often toxic and
non-biodegradable nature [16], whereas [17] emphasized that biodegradable materials are
inexpensive, abundant, less toxic, and environmentally friendly.

Research on biopolymers used either wholly or partially to replace synthetic polymers in
nanocomposite polymer electrolytes is relatively recent compared to the numerous studies on
polymer electrolytes that utilize only synthetic polymers [18]. However, findings from [19] on the
effect of lithium salts on the properties of cassava starch solid biopolymer electrolytes showed that
the highest ionic conductivity was achieved using lithium sulphate salt. Similarly, another study
by [20] on the influence of various concentrations of lithium triflate on the electrochemical
properties of cassava starch biopolymer electrolytes revealed that the highest ionic conductivity
value was obtained at a salt concentration of 0.17 mol.
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As a result of the important role played by polymers in ion transport and the subsequent
enhancement of electrochemical properties, this study investigates the performance of ion-
transport mechanisms using a composite blend of CS and PVP polymers for LIBs.

2 THEORETICAL MODEL FOR ION TRASPORT MECHANISMS

The theoretical model for ion transport used in this study is based on the frequency-dependent
response theory proposed by [21]. This theory assumes that ion transport in an electrolyte depends
on the frequency response of the applied signal. Information on the frequency response of the
applied signal in the nanocomposite polymer films was obtained from EIS. This technique was
used to analyse ion transport properties, including ionic conductivity, diffusion coefficient,
diffusion flux and electric charge. These parameters were evaluated using the ionic conductivity
model, the Nernst-Einstein equation, Fick’s law of diffusion, and Faraday’s law of electrolysis,
respectively.

a. lonic Conductivity Equation
The ionic conductivity values of Samples 1-5 were calculated using Equation (1).
L
7= Rp. A M
Where:

o = ionic conductivity of the samples (S/cm)

L = thickness of the samples (cm)

R, = Bulk resistance («) of the samples and corresponds to the point on the real impedance
axis (Z,.4;) of the Nyquist plot where the curve begins to rise steadily.

A = Area of the samples (cm?)

Since the samples are circular, the area of the samples is obtained as follows:
A = n(d/2) (2)

where d = diameter of the samples (cm)

b. Nernst-Einstein Model
Nernst-Einstein model is used to derive the diffusion coefficient (D) by relating it with ionic
conductivity [22]. The diffusion coefficient values of Samples 1-5 were calculated using Equation

(3).
Nernst-Einstein equation [23] is expressed as:
__nz%e?p 3
o="2 3)
Making the diffusion coefficient (D) the subject of the formula;
_ KBTO' 4)
" nz2e? (
Where:

o = ionic conductivity of the samples (S/cm)
n = number density of charge carrier (LiCH;C00.2H,0) (ions/cm?3)
z = charge number of Li* (z = 1 for Li™)
e = elementary charge of Li* (1.602x1071°C)
D = diffusion coefficient of the samples (cm?/s)
Ky = Boltzmann constant (1.38x10723] /K)
T = absolute temperature in Kelvin (K)
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The number density of charge carrier (LiCH;C00.2H,0), (n) was calculated using Equations
(4) = (8).

n = Csqt QICVINA 5)
_ it
Csare = VL, (6)
dry film.
Msait
Mgy = —2t 7
salt MMsqe ( )
m
thus, n = ( salt )xNA (8)
MMgqitX Vdry film.

N, = Avogadro’s number (6.022x1023mol™1)
Csqir = concentration of charge carrier (LiCH3C00.2H,0)
Mg = Moles of charge carrier (LiCH;C00.2H,0)
Mgqr = Mass of lithium salt in the samples
mmg,;; = molar mass of charge carrier (LiCH;C00.2H,0) =(102.02g/mol)
MmmMgge = Li: (1x 6.94g/mol) + C (2 x 12.01g/mol) + H (7 x 1.008g/mool)
+ 0 (4x 16g/mol) = 102.02 g/mol
Vary ritm. = Volume of the samples
Vary fitm. = d?L €©))
Where:
d = diameter of the samples
L = thickness of the samples

C. Fick’s Law of Diffusion

Fick’s law of diffusion is used to derive the diffusion flux of a sample by relating it with their
diffusion coefficient. Fick’s law of diffusion states that the diffusion flux is proportional to the
negative gradient of concentration. It can also be defined as the number of moles of ions passing
through a unit area per unit time [14]. The diffusion flux values of Samples 1-5 were calculated
using Equation (10).

The Fick’s first law of diffusion [14] is expressed as:

ac
J=-D— (10)
but &£ ~ &
ax L
Therefore, | = —D% (11)

Where:
] = diffusion flux of the samples (mol/m?.s)
D = diffusion coefficient of the samples (m?/s)
;—; = concentration gradient (mol / m*)
C = concentration of lithium salt (mol / m3)
L = thickness of the samples (1)

d. Faraday’s Law of electrolysis

Faraday’s law of electrolysis is used to derive the electric charge of a sample by relating it with
their diffusion flux. Faraday’s first law of electrolysis states that the amount of substance deposited
at an electrode during electrolysis is directly proportional to the quantity of electric charge passed
through the electrolyte [15]. The electric charge values of Samples 1-5 were calculated using
Equations (12) — (15).
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The Faraday’s first law of electrolysis [15] is expressed as:

n=—= (12)
Making the electric charge (Q), the subject of the formula
Q=n.ZF (13)
but n = JAt (14)
thus Q=J.At.Z.F (15)

Where:
n = moles of Li* (mole) of the samples
Q = electric charge (Coulombs) of the samples
J = diffusion flux of the samples
A = area of the samples
t = 1 sec. This isthe theoretical time for diffusion-based ion transport in a polymer
electrolyte [15].
Z = valence of Lit = +1
F = Faraday’s constant = 96,485 C/mol

3 MATERIALS AND METHOD

3.1 Materials

The materials used in this work consist of lithium acetate dihydrate (LiOOCCH5.2H,0) (99%),
polyvinylpyrrolidone (PVP) (98%), cassava starch powder (95%),titanium dioxide
(Ti0,(99%), borax (98%), glycerol (98%), and deionized water (99.9%). Cassava starch powder
was locally prepared, while LiOOCCH;3. 2H,0, PVP, TiO,, borax, glycerol and deionized water
were purchased through a vendor at African University of Science and Technology, Galadima,
FCT-Abuja.

3.2 Preparation of Cassava Starch Powder

Cassava starch powder was prepared based on [19] procedures. The procedures involved washing
and peeling off the skin of a cassava tubers. The peeled tubers were then disintegrated by grinding
using industrial grinding processor. The grinded tubers were then placed in deionized water, stirred
for 15mins, and filtered through muslin cloth. The filtered liquid was left to settle down for 12
hrs., to allow it to precipitate. The precipitated starch was obtained after removing water left on
top of it. The precipitated cassava starch was then washed three times with deionized water and
dried in an oven for 24 hrs. at 50°C. The dried precipitated cassava starch was then grinded using
household electric grinding machine to obtain cassava starch powder.

3.3  Preparation of Nanocomposite Polymer Electrolyte Films

The nanocomposite polymer electrolyte films were prepared using direct heating solution casting
method as illustrated by [24]. The nanocomposite polymer electrolyte materials composition is
presented on Table 1.

Table 1: Compositions of Cassava Starch-Polyvinylpyrrolidone Nanocomposite Polymer

Electrolytes
Sample CS(g) PVP  Glycerol Borax Titanium Lithium
(9) (ml) (9) Dioxide Acetate
(9) dihydrate (g)
S1 0 5 2 0.3 0.15 0.5
S2 1.5 35 2 0.3 0.15 0.5
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S3 2.5 2.5 2 0.3 0.15 0.5
S4 3.5 1.5 2 0.3 0.15 0.5
S5 5 0 2 0.3 0.15 0.5

Based on the above material compositions, five CS-PVP nanocomposite polymer electrolyte
samples were prepared using the direct-heat solution casting method. As shown in Figure 1, CS
and PVP solutions were prepared using 15-50mL of deionized water. The solution was then heated
at 60°C for 30 minutes and stirred using a magnetic stirrer at 750rpm. After 30 minutes, glycerol
was added and mixed for another 10minutes. Subsequently, borax and TiO, were added and
further mixed for another additional 10 minutes. Finally, lithium acetate dihydrate was added and
mixed with the solution for another 20 minutes. At end of the 20 minutes, the solution was cast
onto three Teflon sheets and dry at room temperature for 48hrs. The dried films were then peeled
off using a razor blade and used for the experiments.

T
’v / ‘ Direct heating i. Nanocomposite
B ' Lithi solution casting " polymer electrolyte
CS Glycerol - ithium film
PVP Borax 192 Acetate method
dihydrate

Figure 1: (a) Materials of CS-PVP nanocomposite polymer electrolytes, (b) The prepared polymer
electrolyte solutions, based on the sample compositions, were heated on a hot-plate magnetic
stirrer. In addition, a magnetic stirrer bar was placed inside the solution to ensure uniform mixing,
(c) nanocomposite polymer electrolytes placed on a Teflon sheet, and allow to dry at room
temperature.

3.4  Scanning Electron Microscopy Method

Scanning Electron Microscopy was used to collect data on SEM surface morphology images of
nanocomposite polymer electrolyte films. The instrument used consist of Tescan Vega 3 SEM to
capture an image at an accelerating voltage of 15kV at field of view of 745um and magnification
size of 500x, to enable detailed surface analysis. SEM imagery data was analyzed using visual
method to check out for surface defects such as roughness, cracks, voids, and nanoparticle
agglomeration. These defects reveal the miscibility levels of the nanocomposite polymer
electrolyte film preparations, and this level is likely to affect ion transport and mechanical strength
[25].

35 Electrochemical Impedance Spectroscopy Method

Electrochemical Impedance Spectroscopy was used to obtain data on impedance (Nyquist) plot of
nanocomposite polymer electrolyte films. Data were collected using Gamry Instruments Reference
600 (Potentiostat/Galvanostat/ZRA). The electrolyte films were sandwiched between two-coin
cells, which is a stainless-steel blocking electrode. Impedance data were collected over a frequency
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range of 1Hz to 1MHz with an applied AC amplitude of 10mV at room temperature. The complex
impedance spectra were analysed using Gamry software to generate Impedance (Nyquist) plot (real
vs. imaginary impedance). EIS data was analyzed using electrical properties models consisting of
ionic conductivity equation [6], Nernst-Einstein model [23], Fick’s law of diffusion [14], and
Faraday’s law of electrolysis [15].

RESULTS AND DISCUSSION

4.1  Surface Morphology of Nanocomposite Polymer Electrolytes

The SEM images showing the topography of Samples 1-5 at a magnification of 500x are presented
in Figure 2.

Figure 2: SEM micoraphs shwing the topography of (a) Sample 1 (Og S, 5g PVP),
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(b) Sample 2 (1.5g CS, 3.5g PVP), (c) Sample 3 (2.5g CS, 2.5g PVP), (d) Sample 4 (3.5g CS, 1.5g
PVP), (e) Sample 1 (5g CS, 0Og PVP). Apart from CS and PVP mass ratio, all the samples contain
fixed amount of 2ml glycerol, 0.3g borax, 0.15g titanium oxide and 0.5g lithium acetate dihydrate.
The topography of the samples was scan using an accelerating voltage of 15kV, and at field of
view of 745um and magnification size of 500X, to enable detailed surface analysis.

The SEM results revealed distinct microstructural features influenced by the varying ratios of CS
and PVP. Samples 3 and 4 exhibited the smoothest surfaces with minimal cracks, indicating better
mixing and compatibility of the material components. This was followed by Samples 1, 5, and 2,
respectively.

The smoother and more uniform surfaces observed in Samples 3 and 4 suggest that the CS and
PVP polymers formed a more homogenous matrix at these compositions. This improved
compatibility between the polymers may have enhanced the distribution of the components within
the electrolyte film, resulting in fewer structural defects such as cracks and surface irregularities.
A homogenous microstructure indicates that the polymer chains are well integrated, forming a
compact structure that can support stable material properties.

In contrast, the relatively rougher surfaces observed in Samples 1, 5, and 2 indicate less uniform
structural formation within the polymer matrix. The presence of more visible irregularities and
cracks suggests weaker interaction between CS and PVP at these compositions, which may lead to
uneven component distribution during film formation process.

The improved surface uniformity observed in Samples 3 and 4 may also facilitate better ion
transport within the polymer electrolyte. In polymer electrolyte systems, ion migration typically
occurs through the amorphous regions of the polymer matrix where polymer chain mobility is
higher. Therefore, a smoother and more homogenous microstructure can create more continuous
pathways for Li* movement, which may enhance ionic conductivity.

These findings agree with the reports of [26, 27, 17], who reported that smooth surfaces with
uniform particle distribution and minimal voids enhance ion transport and ionic conductivity in
polymer electrolyte systems. Overall, the SEM observations indicate that the intermediate CS-
PVP compositions in Samples 3 and 4 promote better structural compatibility within the polymer
electrolyte matrix, which may support improved ion transport and electrolyte performance.

4.2 lon Transport Analysis of Nanocomposite Polymer Electrolytes
4.2.1 lonic Conductivity Model

The ionic conductivity of Sample 1-5 was examined using Nyquist plot and ionic conductivity
equation as presented in Figure 3(a-e) and Table 2.
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Figure 3a: Electrochemical impedance Nyquist Plot of Sample 1 (0g CS, 1.5g PVP) recorded using a
frequency range of 1Hz to 1MHz with an applied AC amplitude of 10mV at room temperature. The bulk
resistance of the sample, R, = 5002 from the plot is used to analyse the ionic conductivity.
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Figure 3b: Electrochemical impedance Nyquist Plot of Sample 2 (1.5g CS, 3.5g PVP) recorded using a
frequency range of 1Hz to 1MHz with an applied AC amplitude of 10mV at room temperature. The bulk
resistance of the sample, R, = 10002 from the plot is used to analyse the ionic conductivity.
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Figure 3c: Electrochemical impedance Nyquist Plot of Sample 3 (2.5g CS, 2.5g PVP) recorded using a
frequency range of 1Hz to 1MHz with an applied AC amplitude of 10mV at room temperature. The bulk
resistance of the sample, R, = 6.5 2 from the plot is used to analyse the ionic conductivity.
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Figure 3d: Electrochemical impedance Nyquist Plot of Sample 4 (3.5g CS, 1.5g PVP) recorded using a
frequency range of 1Hz to 1MHz with an applied AC amplitude of 10mV at room temperature. The bulk

resistance of the sample, R, = 502 from the plot is used to analyse the ionic conductivity.
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Figure 3e: Electrochemical impedance Nyquist Plot of Sample 5 (5g CS, 0g PVP) recorded using a
frequency range of 1Hz to 1MHz with an applied AC amplitude of 10mV at room temperature. The bulk
resistance of the sample, R, = 6250« from the plot is used to analyse the ionic conductivity.

Table 2: lonic conductivity of Samples 1-5 with varying CS:PVP ratios, using bulk resistance (R,) of
each sample.

Sample R, ()  Thickness, Diameter, Area, A lonic
L D (cm?) Conductivity,
(ecm) (cm) o

(§/cm)
1 (0g CS,5g PVP) 500 0.02 1.5 1.77 2.26 x 1075
2 (1.59 CS,3.5g PVP) 1000 0.02 1.5 1.77 1.13x107°
3 (2.59CS,2.5g PVP) 6.5 0.02 1.5 1.77 1.74 x 1073
4 (3.5g CS,1.5g PVP) 50 0.02 1.5 1.77 2.26x107%
5 (59 CS,0g PVP) 6250 0.02 1.5 1.77 1.81x107°

The ionic conductivity results of Samples 1-5 as presented in Table 2, revealed a compositional
trend that may be attributed to the varying blend ratios of CS and PVP. The ionic conductivities
of all samples fall within the typical range reported for polymer electrolytes, 1076 — 10735 /cm
[22], however, Sample 3 exhibited the highest ionic conductivity of 1.74x1073S/cm. This
suggests that the balanced proportion of CS and PVP may have created an optimal polymer
network that enhanced ion transport within the electrolyte matrix. These results agree with several
reported studies including [9, 28, 19, 29]. However, it is in contrast with [30] who reported a lower
ionic conductivity of 10™1ts/cm for corn starch-lanthanum nitrate systems.

lonic conductivity in polymer electrolytes is influenced by the concentration of mobile charge
carriers and the segmental motion of the polymer chains. At the intermediate CS-PVP composition
observed in Sample 3, interactions between the hydroxyl groups of CS and the carbonyl groups of
PVP may have improved salt dissociation, thereby increasing the number of free Li* available for
conduction. The blending of the polymers may also reduce crystallinity and increase the
amorphous phase, where ion transport mainly occurs. Furthermore, the balanced composition may
have increased the free volume within the polymer matrix, creating additional pathways for ion
migration.
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4.2.2 Nernst-Einstein Model
The diffusion coefficients of sample 1-5, was analysed using Nernst-Einstein model, with the
results summarized in Table 3.

Table 3: Diffusion coefficients of Samples 1-5 with varying CS:PVP ratios, using ionic conductivity (o) of
each sample.

Sample o Kg Temp. Number Valence  Elementary Diffusion

(§/cm) J/K) (K) Density, n z Charge, Coefficient
(ionscm3) C D

(cm?/s)
1 2.26x1075  1.38x10723 298  8.337x10%22 1 1.602x1071° 4.34x10~11
2 1.13x1075  1.38x10723 298  8.337x10%22 1 1.602x1071° 2.17x10"11

3 1.74x1073  1.38x10723 298  8.337x10%2 1 1.602x1071°  3.34x107°
4 2.26x107*  1.38x10723 298  8.337x10%2 1 1.602x1071°  4.34x10°1°
5 1.81x107°%  1.38x10723 298  8.337x10%2 1 1.602x1071° 3.48x10712

The diffusion coefficient results of Samples 1-5 as presented in Table 3, revealed a trend that may
be influenced by the varying CS and PVP in the polymer electrolyte matrix. Among the samples,
Sample 3 exhibited the highest diffusion coefficient of 3.34x107° cm?/s. This result is consistent
with the ionic conductivity findings, where Sample 3 also recorded the highest ionic conductivity.
The higher diffusion coefficient observed for Sample 3 suggests that Li*™ diffuse more easily
through the polymer matrix, resulting in improved ionic conductivity.

The balanced composition of CS and PVP in Sample 3 may have produced a polymer network
with improved segmental mobility and increased amorphous regions. These amorphous regions
provide free volume and flexible pathways that facilitate ion migration through the electrolyte,
while the improved chain flexibility enhances the diffusion mechanism of Li* between
coordination sites within the polymer matrix.

4.2.3 Fick’s Law of Diffusion
The diffusion fluxes of Sample 1-5 were analysed using Fick’s law of diffusion, with the results
summarized in Table 4.
Table 4: Diffusion fluxes of Samples 1-5 with varying CS:PVP ratios, using diffusion coefficient
(D) of each sample.

Sample Diffusion Concentration, ¢ Thickness, L Diffusion Flux, J
Coefficient, D (mol./m?) (m) (mol./m?.s)
(cm?/s)
1 4.34x10" 11 1.38x10° 0.0002 2.995x107°
2 2.17x10711 1.38x10° 0.0002 1.50x107°
3 3.34x107° 1.38x10° 0.0002 2.31x107*
4 4.34x10710 1.38x10° 0.0002 2.99x107°
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5 3.48x10712 1.38x10° 0.0002 2.40x1077

The diffusion flux results of Samples 1-5, presented in Table 4, revealed a trend that may be
influenced by the varying proportion of CS and PVP in the blend. Among the samples, Sample 3
demonstrated the highest diffusion flux of 2.31x10~* mol/m?s, suggesting that this composition
promotes more efficient Li* transport. This observation aligns closely with the trends observed in
both the ionic conductivity and diffusion coefficient results, indicating a strong correction between
diffusion flux and overall ion mobility in the polymer electrolyte.

The higher diffusion flux observed in Sample 3 may be attributed to its balanced CS:PVP ratio,
which likely creates optimal polymer network structure. This network accelerates the flows of Li*
migration through a unit areas of the surface per unit time because of its concentration gradient,
thereby maximizing ion transport and enhancing electrochemical performance of the
nanocomposite polymer electrolyte.

4.2.4 Faraday’s Law of Electrolysis
The electric charges of Sample 1-5, was analysed using Faraday’s law of electrolysis as presented
in Table 5.

Table 5: Electric charges of Samples 1-5 with varying CS:PVP ratios, using diffusion flux (J) of each
sample.

Sample  Diffusion Area Model Valence, Faraday’s Electric
Flux, J (m?) Time z Constant Charge, Q
(mol./m?.s) (s) (F) (©)

1 2.995x107%  0.000177 1 1 96,485 5.11x107°
2 1.50x107 0.000177 1 96,485 2.56x107°
3 2.31x10~*  0.000177 1 1 96,485 3.94x1073
4 2.99x107° 0.000177 1 1 96,485 5.11x107*
5 2.40x1077  0.000177 1 1 96,485 4.1x107°

The electric charge results of Samples 1-5, shown in Table 5 revealed that Sample 3 exhibited the
highest electric charge of 3.94x1073C /s, indicating that it allows the greatest flow of electric
charge through the polymer electrolyte. It further indicates that the quantity of charges transported
by ions per unit time, suggest that Sample 3 possesses the highest density of mobile Li* and the
least resistance to their movement. This aligns with the trends observed in ionic conductivity,
diffusion coefficient, and diffusion flux, confirming that the optimal CS: PVP blend enhances ion
transport efficiency.

CONCLUSION

The Li* transport in CS- PVP nanocomposite polymer electrolytes were analysed using ion
transport theoretical models based on EIS measurements. The findings reveal that Sample 3, with
an equal blend proportion of CS and PVP, exhibited the fastest ion transport and superior
electrochemical properties, with an ionic conductivity of 1.74x1073 S/cm, a diffusion coefficient
of 3.34x107%cm? /s, a diffusion flux of 2.31x10~*mol/m?. s, and an electric charge of 3.94x1073C/s.
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The results demonstrated that the variation in CS: PVP composition significantly influences ion
transport in the nanocomposite polymer electrolytes, where higher ionic conductivity corresponds
to higher diffusion coefficient, diffusion flux, and electric charge, indicating enhanced mobility
and transport of Li* within the polymer matrix. This enhanced Li* transport may also be attributed
to the smoother and more homogenous surface morphology observed in the SEM micrograph of
Sample 3.
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