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Theoretical and Predictive Models of Particle Dynamics in Cassava Starch-
Polyvinylpyrrolidone Nanocomposite Polymer Electrolytes for Lithium-Ion Batteries
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ABSTRACT

Due to the growing demand for an eco-friendly lithium-ion battery sustainable
energy storage system, this study investigated the theoretical and predictive
models of particle dynamics in cassava starch (CS)-polyvinylpyrrolidone (PVP)
nanocomposite polymer electrolytes for lithium-ion batteries. In this study, the
material composition consists of CS and PVP in five different mass ratios, with
the addition of fixed additives comprising glycerol, borax, TiO, and lithium
acetate dihydrate. These materials were condensed into nanocomposite polymer
electrolyte films using the direct-heating solution casting method. The data
collected from these samples were analyzed using ionic conductivity, Nernst-
Einstein, Fick’s law of diffusion, Faraday’s law of electrolysis, stress-strain, and
Kissinger activation theoretical models; while, multiple regression model was
employed as the predictive model. Results indicated that Sample 3 recorded the
highest ionic conductivity (1.74 x 10~3 s/cm), highest ionic diffusion coefficient

Keywords: (3.34 x 1072 cm?/s), highest diffusion flux (2.31 x 10™* mol/m?. s) and highest
Nanocomposite polymer electric charge (3.94 x 1073 C/s). Tensile results showed that Sample 1 had the
electrolyte, highest ultimate tensile strength (0.589 N/mm?), and strain (55.25 %).
Cassava starch biopolymer, Thermal analysis revealed that Sample 5 recorded the highest thermal
Polyvinylpyrrolidone stability (194 K] /mol). Predictive model showed a strong predictive
synthetic polymer, performance for activation energy (R? = 0.97). Overall, Sample 3 (2.5 gCS: 2.5
Theoretical Models, g PVP) demonstrated the best combination of electrochemical, tensile, and
Predictive Model. thermal properties for an eco-friendly lithium-ion battery application.
INTRODUCTION including ionic conductivity, tensile strength, and
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In the advancement of polymer electrolytes for energy
storage systems- particularly lithium-ion batteries (LIB)-
the role of particle dynamics in nanocomposite polymer
electrolytes is of critical importance. In physics, the
behavior of matter at the quantum scale -such as atoms,
electrons, ions, and molecules- can be described in terms
of its motions and interactions. These microscopic
motions and interactions, collectively referred to as
particle  dynamics, influence the macroscopic
performance of materials (Griffiths, 2008). In
nanocomposite polymer electrolytes, quantum entities
include polymer functional groups (hydroxyl and
carbonyl), lithium salt species ( Li*), and nanoparticle
constituents (Ti** and 0%7). Their motion involves
translational motion and polymer segmental motion of
polymer chains. These dynamic behavior at quantum
level is often analyzed using theoretical models to predict
the macroscopic performance of the electrolyte system,

thermal stability (Cabaret et.al., 2022; Patel, 2021).
Building on this understanding, at the microscopic level,
the Lit in nanocomposite polymer electrolyte is what is
responsible for the charging and discharging processes in
LIBs. This charging-discharging cycles give LIBs a
longer lifespan and faster charging capabilities compared
to traditional batteries (Nagaura & Tozawa, 1990). Asa
result, they can be used in a variety of applications
ranging from small electronics, such as smart phones and
laptops, to large-scale systems, such as electric vehicles
and renewable energy storage devices (Kittel, 2005). This
electrical property defined by Li* transport, can be
analyzed using theoretical models, including frequency-
dependence response theory (Macdonald & Barsoukov,
2005), the Nernst-Einstein model (Armand & Tarascon,
2008), Fick’s law of diffusion (Fong et. al, 2021), and
Faraday’s law of electrolysis (Bard & Faulkner, 2021).
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The tensile strength and thermal stability of
nanocomposite polymer electrolytes are defined by
polymer segmental chain motion and nanofiller
interfacial motion of nanoparticles. The theoretical
models used in the analysis of tensile strength and strain
are stress-strain theory (Smith & Lee, 2021) and the rule
of mixtures theory (Callister & Rethwisch, 2020), while
the theoretical model used to analyze thermal stability is
the Kissinger model (Song & Kwak, 2022), which is used
to compute activation energy.

Most nanocomposite polymer electrolytes contain
synthetic polymer, lithium salts, and additives, notably
nanoparticles. The synthetic polymers in the system,
contribute significantly to environmental challenges due
to their toxic and non-biodegradable nature. Due to this
problem, recent innovation is to include biopolymer
either partially or wholly for the purpose of producing an
ecofriendly environment (Wang et. al., 2019). Raihan et.
al. (2022) further emphasized that biopolymer materials
are biodegradable, inexpensive, abundant, less toxic, and
eco-friendly.

In energy storage systems, biopolymer materials such as
cellulose and starch derivatives have recently emerged as
alternatives to synthetic polymers because of the
flexibility of their polymer chains (Pathak et.al., 2014).
Research studies on cassava starch biopolymers, used
either wholly or partially to replace synthetic polymers in
nanocomposite polymer electrolytes, are relatively new
compared to numerous studies on polymer electrolytes
that utilize only synthetic polymers (Patra et.al., 2024).
In this study, the objectives are to evaluate the
electrochemical performance (ionic conductivity, ionic
diffusion coefficient, diffusion flux, and electric charge),
tensile strength (ultimate tensile strength, and strain), and
thermal stability performance of CS-PVP nanocomposite
polymer electrolytes using theoretical and predictive
models, for the purpose of determining the overall best
performing ecofriendly electrolyte. The need to
investigate the composite blend of CS and PVP in
nanocomposite polymer electrolytes arises from the goal
of developing more sustainable, efficient, and cost-
effective materials for energy storage applications.
Consequently, this study evaluates the particle dynamics
in nanocomposite polymer electrolytes using theoretical
and predictive models for LIBs applications.

Theoretical and Predictive Models

The theoretical and predictive models of particle
dynamics in nanocomposite polymer electrolytes consist
of the following:

Theoretical Models

Ionic Conductivity Model

Ionic conductivity (Lasia, 2014) is expressed as:
L
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where ¢ = ionic conductivity (S/cm)

L = film thickness (cm)

Rb = bulk resistance (2)

A = electrode-electrolyte contact area (cm?)

Typical ionic conductivities of nanocomposite polymer
electrolytes at room temperature range from 1076 —
1073s/cm (Ramesh & Arof, 2021).

Nernst-Einstein Model
Nernst-Einstein model relates ionic conductivity to
diffusion coefficient (D) of mobile ion in an electrolyte
(Barde & Deschamps, 2015). Nernst-Einstein equation
(Maier, 2004) is expressed as:
__ nz%e?D
T KgT

(2)
: . . S
where ¢ = ionic conductivity (%)

n = ion number density (ions/cm?)

z= charge number of Li* (1)

e = elementary charge (1.602 x 1071° C)

D = diffusion coefficient (cm?/s)

K = Boltzmann constant (1.38x10723 J/K)

T = absolute temperature (K)

Typical D values for polymer electrolytes at room
temperature are 102 to 10° cm? /s (Zhang et. al., 2019).

Fick’s Law of Diffusion

Fick’s first law of diffusion states that the diffusion flux
is proportional to the negative gradient of concentration
(Fong et. al., 2021). It is given by:

=-D 3)

but — ~ —
Wax T1

where J = diffusion flux (mol/m?.s)
D =diffusion coefficient (m?/s)
5—; =concentration gradient (mol / m*)
C = concentration of lithium salt (mol/m?)
L =thickness of electrolyte (m)
Typical theoretical values for diffusion flux at room

temperature lie within 10°-10* mol/m?(Zhang et.al,
2022).

Faraday’s Law of Electrolysis

Faraday’s law of electrolysis, which 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 (Bard &
Faulkner, 2021).

The Faraday’s first law of electrolysis (Bard & Faulkner,
2021) is expressed as:

n== 4)
ZF

Therefore, Q =n.Z. F (5)

Q=J.At.ZF (6)

where

n = moles or amount of Li*(mole)
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Q = electric charge (coulombs)

Z =valence of Li* (+ 1)

F= Faraday’s constant (96, 485 C/mol)

J = diffusion flux

A = electrode area (m?)

t = model time (15)

Typical electric charge values are within 10 to 10
4C/s (Bard & Faulkner, 2021).

Stress-Strain Model

Stress-strain model describes how materials respond to
mechanical loads through elastic or plastic deformation
(Zhao et. al., 2018). From this theory, the ultimate tensile
strength and strain equation (Smith & Lee, 2021) is as

follows:
Fmax

omax = (7
where omax = ultimate tensile strength (N/mm?2)
Fmax =load at break (N)

A = cross-sectional area (mm?)
AL
&= E (8)
where ¢ = tensile strain
A L = extension at break or change in length

Lo = tensile strain gauge length or original length

Kissinger Model

Kissinger Model determines the activation energy (Ej)
of a material’s decomposition using TGA data (Song &
Kwak, 2022). The Kissinger equation is as follows:
Kissinger equation:

By —n (2R = fa
In(z) =1n (E) e 9)
Rearranged Kissinger equation becomes,
Ea _ 10 (2R _1n (£
= ln(Ea) In (1) (10)
Where

B =heating rate (K /min)

T,, = peak temperature (in kelvin)

E, = activation energy (K J/mol)

A = pre-exponential factor (s~1) for polymer degradation
is generally within the range of 10" to 10" s71.
(Vyazovkin et. al., 2011)

R = gas constant (8.314/ /mol. K)

Vyazovkin (2019) gave the criterion for thermal stability
as follows:

1. Low thermal stability (low activation energy):
<100K]J/mol
il. Moderate thermal stability (moderate activation

energy): 100 — 200KJ /mol
iii. High thermal stability (high activation energy):
>200K] /mol

Iyamu et al.,
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Predictive Model

Multiple Regression Model

A multiple regression model is a predictive statistical
technique used to evaluate the relationship between a
dependent variable and several independent variables
(Frost, 2019). In this study, the dependent variables are
the theoretically analyzed values of ionic conductivity,
ultimate tensile strength, and activation energy, while the
independent variables are the varying mass ratios of
cassava starch and PVP. The Multiple Regression model
is as follows:

Y, = b + bX; + bs3X,

where ¥; = predicted dependent variables
X,= mass of cassava starch (g)

X, =mass of PVP (g)

by, by, by = regression coefficients

(1n

MATERIALS AND METHODS

Materials

The materials used in this work consist of lithium acetate
dihydrate (Li0OOCCH5.2H,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;.2H,0, PVP, TiO,, borax, glycerol and
deionized water were purchased through a vendor at
African University of Science and Technology,
Galadima, FCT-Abuja.

Preparation of Cassava Starch Powder

Cassava starch powder was prepared based on Arrieta ef.
al. (2023) 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.

Preparation of Nanocomposite Polymer Electrolyte
Films

The nanocomposite polymer electrolyte films were
prepared using direct heating solution casting method as
illustrated by Isnugroho and Endarko (2018). The
nanocomposite polymer  electrolyte materials
composition is presented on Table 1.
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Table 1: Compositions of Cassava Starch-Polyvinylpyrrolidone Nanocomposite Polymer Electrolytes

Glycerol Borax Titanium Lithium Acetate
Sample CS (@ PVP (g) (ml) (g) Dioxide (g) dihydrate (g)
S1 0 5 2 0.3 0.15 0.5
S2 1.5 35 2 0.3 0.15 0.5
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 composition, the PVP or CS solutions ~ was cast onto three Teflon sheets and dry at room
were prepared using 15-50mL of deionized water. The temperature for 48hrs. The dried films were then peeled
solution was heated at 60 °C for 30minutes and stirred  off from the Teflon sheets using a razor blade and used
using a magnetic stirrer at 750rpm. After 30 minutes, for experiment.

glycerol was added and mixed for another 10minutes.  The preparation of Cassava Starch-Polyvinylpyrrolidone
Subsequently, borax and TiO, were added and mixed for  nanocomposite polymer electrolyte film using direct
an additional 10 minutes. Finally, lithium acetate heating solution casting method is shown in Figure 1.
dihydrate was added and mixed with the solution for

another 20 minutes. At end of 20 minutes, the solution

Cs PVF Glvcerol Borax TiO,  Lithium Direct heating Nanocomposite

Acetate solution casting polymer electrolyte
dihydrate method film

Figure 1: Preparation of Cassava Starch- Polyvinylpyrrolidone Nanocomposite Polymer Electrolyte

Electrochemical Impedance Spectroscopy Method al., 2018) to derive the ultimate tensile strengths and

EIS (Gamry Reference 600) was used to record strains of nanocomposite polymer electrolyte films.

impedance spectra from 1Hz to 1MHz at 10mV AC

amplitude, with films placed between stainless-steel Thermogravimetric Analysis

blocking electrodes. Bulk resistance from Nyquist plots TGA (PerkinElmer TGA 4000) was used to record

was used to compute ionic conductivity (Yan, 2020). thermal stability data to 950°C at a heating rate of

Conductivity values were further analysed using the  10°C/min, producing weight-loss versus temperature

Nernst-Einstein model (Maier, 2004), Fick’s law of plots. The Kissinger model was applied to TGA data to

diffusion (Fong et. al, 2021), and Faraday’s law of compute activation energy of thermal degradation, which

electrolysis (Bard & Faulkner, 2021). is used to quantify thermal stability (Song & Kwak, 2022,
Vyazovkin, 2019).

Universal Testing Machine Method

UTM (Instron 3345) was used to record the tensile = RESULTS AND DISCUSSION

strength data. The recorded data are the imposed loads  Theoretical Models

and the film extensions. The UTM also provided the Ionic Conductivity Model

load-extension plot, and other details such as the stain at ~ The ionic conductivity of Sample 1-5 was examined

break, extension at break and load at break. These data  using Nyquist plot and ionic conductivity equation, as

were analyzed using stress and strain models (Zhao er.  presented in Figure 2(a-¢) and Table 2.

271

NIGERIAN JOURNAL OF PHYSICS NJP VOLUME 35(1) njp.nipngr.org




Theoretical and Predictive Models... Iyamu et al., NJP

120000

160000 —s—Sample1

80000 - / -

60000 - — -

40000 - /. 4

20000 o - -

g _

0 10000 20000 30000 40000
thal [n]

'Zimg_ @)

Figure 2a: Nyquist Plot of Sample 1

80000
50000 | —=—Sample 2 -

40000 -

A

& 30000
£
r~d

20000

10000

0 10000 20000 jopoo 40000 s0000
Z ai(52)

Figure 2b: Nyquist Plot of Sample 2

—me—Sample 3 ..-—ff

-F
10 -
g A -
-10 T T T T T T T T
1] 5 10 15 20 25 30 35

Z real {ﬂ }
Figure 2c: Nyquist Plot of Sample 3

272

NIGERIAN JOURNAL OF PHYSICS NJP VOLUME 35(1) njp.nipngr.org




NIGERIAN JOURNAL OF PHYSICS

Theoretical and Predictive Models...

Iyamu et al.,

NJP

40000
35000 - = Sample 4
10000 o

25000 4

iy

== 20000

ng

~I 15000 o ()

10000 - o

5000 4
g

5000 T

L
0 500

L)
000

T T
1500 2000 2500

Zran (22)

Figure 2d: Nyquist Plot of Sample 4

—=—Sample §

1] s000

T T T T T T
10000 15000 20000 25000 30000 35000

zllll{ﬂ)

40000

Figure 2¢: Nyquist Plot of Sample 5

Table 2: Ionic Conductivities of Nanocomposite Polymer Electrolytes

Sample Rb (ohms) Thickness, (cm) Diameter, D(cm) Area, A Ionic Conductivity, ¢ (s/
(cm?) cm)

1 500 0.02 1.5 1.77 2.26x 107

2 1000 0.02 1.5 1.77 1.13x 1073

3 6.5 0.02 1.5 1.77 1.74x 1073

4 50 0.02 1.5 1.77 2.26x 10*

5 6250 0.02 1.5 1.77 1.81x 10

Sample 3 recorded the highest ionic conductivity
(1.74x10 — 3 s/cm). This is consistent with optimal
polymer chain mobility at a balanced CS-PVP ratio;
while Sample 5 has the lowest ionic conductivity of
1.81x10%s/cm. However, all samples ionic conductivities
fell within the typical ionic conductivities of 107 to 10
3s/cm (Ramesh & Arof, 2021). This finding agrees with
that Chu (2023), Gustav (2016) and Jing et.al. (2021),
who reported an ionic conductivity that fall within the

same range of 10 to 10s/cm. However, the finding
disagrees with that of Wijanarko et.al. (2024) who
reported low ionic conductivity of 10!!'s/cm for corn
starch polymer and lanthanum nitrate superconductor.

Nernst-Einstein Model
The ionic diffusion of Sample 1-5 was analysed using
Nernst-Einstein model, as presented in Table 3.
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Table 3: Ionic Diffusion Coefficients in Nanocomposite Polymer Electrolytes

Temp. Num. Density, n Elem. Diffusion Coefficient

Sample o (s/cm) KB (J/K) (K) (ions/cm?) Valence, z Charge,C D (cm?/s)

1 2.26x10°  1.38x102 298 8.337x10% 1 1.602x10° 4.34x10!!
19

2 1.13x10°  1.38x102 298 8.337x10% 1 1.602x10° 2.17x10!
19

3 1.74x10°  1.38x102 298 8.337x10% 1 1.602x10-  3.34x10°
19

4 2.26x10*  1.38x102 298 8.337x10% 1 1.602x10° 4.34x1071°
19

5 1.81x10° 1.38x102 298 8.337x10% 1 1.602x10° 3.48x107'2

19

The diffusion coefficient followed the same trend as ionic
conductivity, with Sample 3 exhibiting the highest value
(3.34x10° cm?/s); while Sample 5 has the lowest
diffusion coefficient of 3.48x10'2cm?/s. However, all
samples diffusion coefficients fell within the typical

diffusion coefficients ranges
(Zhang et. al. 2019).

of 102 to 10°cm?/s

Fick’s Law of Diffusion
The diffusion fluxes of Sample 1-5 were analysed using
Fick’s law of diffusion, as presented in Table 4.

Table 4: Diffusion Fluxes in Nanocomposite Polymer Electrolytes

Sample Diffusion Coefficient, Concentration, ¢  Thickness, Diffusion Flux, J
Dcm?/s) (mol./m3) L(m) (mol./m?.s)

1 4.34x10°1 1.38x103 0.0002 2.995x10¢

2 2.17x101! 1.38x103 0.0002 1.50x10¢

3 3.34x107 1.38x10° 0.0002 2.31x10*

4 4.34x10710 1.38x10° 0.0002 2.99x107

5 3.48x10°'? 1.38x10° 0.0002 2.40x1077

Sample 3 again showed the highest diffusion flux
(2.31x10* mol/m?s), while Sample 5 has the lowest
diffusion flux of 2.40x107mol/m?s. confirming its
enhanced ion mobility relative to other compositions. All
samples diffusion fluxes fell within the typical diffusion
fluxes ranges of 10 to 10" mol/m’s (Zhang et. al. 2022).

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

Table 5: Electric Charges of Nanocomposite Polymer Electrolytes

Sample  Diffusion Flux, Area Model Valence, z Faraday’s Constant  Electric Charge,
Jmol./m?.s) (m?) Time (s) (13) Q (0)

1 2.995x10°¢ 0.000177 1 1 96,485 5.11x10°

2 1.50x10¢ 0.000177 1 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 5.11x10*

5 2.40x1077 0.000177 1 1 96,485 4.1x10°

Electric charge values followed the established trend,
with Sample 3 yielding the highest (3.94x10-3C/s), while
Sample 5 has the lowest electric charge of 4.1x10°C/s
All samples electric charges fell within the typical
electric charges ranges of 10® to 10%C/s (Bard &
Faulkner, 2021). This further showed that it is consistent

with ionic conductivity, ionic diffusion and diffusion
flux.

Stress and Strain Model

The ultimate tensile strength and strain parameters of
Sample 1-5 was analysed using Stress and Strain model,
as presented in Table 6.
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Table 6: Ultimate Tensile Strengths and Strains of Nanocomposite Polymer Electrolytes
Sample Gauge Length Cross Sectional Load at Extension at Strain or Ultimate Tensile
(mm) Area (mm?) Break (N)  Break (mm) Elongation (%) Strength(N/mm?)

1 50 0.8 0.471 27.628 55.25 0.589

2 50 0.8 0.0646 14.191 28.38 0.081

3 50 0.8 -1.668 18.610 37.22 -2.085

4 50 0.8 -0.037 8.023 16.05 -0.046

5 50 0.8 -0.646 14.535 29.07 -0.808

All samples exhibited low ultimate tensile strength,
which may be due to its soft condensed nature; however,
in terms of flexibility, Sample 1 exhibited the highest
strain (55.25%); which was followed by Sample 3 having
a strain of 37.22%. These results align with the findings
of Chu (2023), who reported that higher tensile strain is
associated with polymer content. However, the findings
contrast with Raut et.al. (2019), who observed that

2
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composite solid polymer electrolytes can exhibit tensile
strength values up to 6 times higher than those of pure
solid polymer electrolytes.

Kissinger Model
The activation energies of Sample 1-5 were analyzed

using Kissinger model, as presented in Figure 3(a-¢) and
Table 7.
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Thermogravimetric Curve of Sample 1
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Figure 3b: Thermogravimetric Curve of Sample 2
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Figure 3e: Thermogravimetric Curve of Sample 5
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Table 7: Activation Energies of Nanocomposite Polymer Electrolytes

Sample Heating Peak Temperature, Pre-Exponential Gas Constant, Activation Energy,
Rate, p (K/s) Tp (K) Factor, A (s) R (Kj/mol.K) Ea(KJ/mol)

1 0.1667 623.15 10" 8.314x1073 179

2 0.1667 643.15 1013 8.314x1073 185

3 0.1667 653.15 1013 8.314x1073 188

4 0.1667 658.15 1013 8.314x1073 189

5 0.1667 673.15 1013 8.314x1073 194

Sample 5 recorded the highest activation energy of
194KJ/mol; while other samples including sample 5
activation energies fall within the moderate thermal
stability of 100-200KJ/mol, as stated by Vyazovkin
(2019). These results are consistent with the findings of
Andersson et.al. (2022), Tsurumaki et.al. (2022), Gustav
(2016), Arrieta et.al. (2024) and Slesanrenko et. al.
(2023) who reported that polymer electrolytes exhibited
moderate thermal stabilities above 100°C. However, the
result is in contrast with the findings of Arrieta et.al.

(2023) and Raut et. al. (2019), who reported thermal
stability of polymer electrolytes to be below 100°C.

Predictive Model

Multiple Regression Model

The predicted performance parameters determined using
multiple regression models and their coefficient of
determination (R?) are presented in Tables 8 (a-c) and 9
respectively.

Table 8a: Predicted Ionic Conductivity Result using Multiple Regression Model

Sample Y; (Observed Ionic X; (CS) (g X, (PVP) (g) YAI (Predicted Ionic
Conductivities) (s/cm) Conductivities) (s/cm)

1 2.26x107 0 5 3.72x10*

2 1.13x1073 1.5 3.5 3.89x10*

3 1.74x1073 2.5 2.5 4.00x10

4 2.26x10* 35 1.5 4.12x10*

5 1.81x10 5 0 4.28x10*

Table 8b: Predicted Tensile Strength Result using Multiple Regression Model

Sample Y; (Observed Ultimate X; (CS)(g) X, (PVP)(g) ?, (Predicted Ultimate Tensile
Tensile Strength) (N/mm?) Strength) (N/mm?)

1 0.589 0 5 0.170

2 0.081 1.5 3.5 -0.204

3 -2.085 2.5 2.5 -0.454

4 -0.046 35 1.5 -0.703

5 -0.808 5 0 -1.078

Table 8c: Predicted Activated Energy Result using Multiple Regression Model

Y; (Observed Activated

Y, (Predicted Activated

Sample  pnergy) (Kd/mol) @ LEVDE®  Energy) kamo
1 179 0 5 180
2 185 1.5 3.5 184
3 188 2.5 2.5 187
4 189 3.5 1.5 190
5 194 5 0 194

Table 9: Multiple Regression Coefficient and Validation Parameters

Performance Regression Coefficients Validation Parameters
Parameters bl b2 b3 RMSE MAE R?
Ionic Conductivity 2.97x1073 7.97x107 6.85x10°  6.75x10*  5.36x10%*  8.02x10*
Ultimate Tensile Strength  -0.034 -0.21 0.041 0.83 0.65 0.21
Activation Energy -96.47 58.12 55.26 0.80 0.75 0.97
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The multiple regression analysis of predicted ionic
conductivity and ultimate tensile strength using CS and
PVP as independent variables, The multiple regression
analysis revealed a low coefficients of determination of
R? = 8.02x10* and R?= 0.21, for ionic conductivity and
ultimate tensile strength respectively, indicating their
unsuitability for prediction purposes. In contrast, the
activation energy model showed a strong predictive
performance (R>= 0.97).

CONCLUSION

The particle dynamics in nanocomposite polymer
electrolytes was analysed using theoretical and predictive
models. The findings on ion transport revealed that
Sample 3, with an equal blend proportion of CS and PVP
produces a nanocomposite polymer electrolyte that has
the highest ionic conductivity (1.74x10- s/cm), highest
ionic diffusion coefficient (3.34x10°cm?/s), highest
diffusion flux (2.31x10"*mol/m?.s), and highest electric
charge (3.94x107C/s).

Findings on ultimate tensile strength showed a general
low strength due to the soft nature of polymer
electrolytes, however, Sample 1 recorded the highest
strain (55.25%); followed by Sample 3 having a strain of
37.22%. All the samples activation energies fell within
moderate thermal stability of 100-200KJ/mol, with
Sample 5 exhibiting the highest activation energy of
194KJ/mol. Result on predictive model indicated that
only the activation energy result had a strong predictive
performance (R?= 0.97).

Based on these findings, it is recommended that Sample
3 nanocomposite polymer electrolyte with equal CS:PVP
ratios be considered for industrial-scale applications due
to their outstanding electrical properties, including high
ionic conductivity, diffusion coefficient, diffusion flux
and electric charge.
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