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Due to the challenges faced by most electrolytes in withstanding high 

temperatures especially during peak operating conditions, this study 

analyses the thermal stability of cassava starch-polyvinylpyrrolidone 

nanocomposite polymer electrolytes for lithium-ion battery applications. 

The study employed five samples of cassava starch-polyvinylpyrrolidone 

nanocomposite polymer electrolytes prepared using direct-heating 

solution casting method. The data collected from these samples were 

analyzed using Bragg’s, Sherrer’s and Kissinger models. The results 

showed that all the samples are within the medium crystallite size and 

moderate activation energy range, with Sample 5 having the highest peak 

decomposition temperature and thermal stability of 194 KJ/mol. 
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Introduction 

The increasing demand for safe, efficient, and high-

performance energy storage systems has intensified 

research into solid-state polymer electrolytes as 

alternatives to conventional liquid electrolytes used in 

lithium-ion batteries (LIBs). Polymer electrolytes offer 

advantages such as flexibility, lightweight structure, 

good electrode-electrolyte contact, and improved safety 

by eliminating leakage and flammability concerns [1]. 

Despite these benefits, their practical application 

limited by challenges, including insufficient thermal 

stability, which can compromise battery performance 

and safety under elevated operating temperatures.   

Thermal stability is a critical requirement for polymer 

electrolytes intended for lithium-ion battery 

applications, as batteries are frequently exposed to 

elevated temperatures during charging-discharging 

cycles and possible thermal runaway events. Poor 

thermal resistance can lead to polymer decomposition, 

electrolyte degradation, and device failure [2]. The 

thermal stability of nanocomposite polymer electrolytes 

is defined by the polymer segmental chain motion and 

nanofiller interfacial motion of nanoparticles [3]. As a 

result, polymers and nanoparticles play the greatest role 

in determining the rate of thermal degradation because 

their degradation suggests the thermal resistance ability 

of the electrolytes.  

The Kissinger model [4], which is used to compute 

activation energy, is the theoretical model used to 

analyze thermal stability. TGA is widely used to 

investigate the thermal decomposition behavior of 

polymer electrolytes, providing information on 

degradation stages, mass loss profiles, and thermal 

endurance [5]. It measures the changes in sample mass 

as a function of temperature under controlled heating 

conditions, providing insights into moisture loss, 

decomposition stages, and thermal degradation profiles 

[6, 7]. 

The nanocomposite polymer electrolytes used in this 

study contain polymer materials, lithium salts, and 

additives, notably nanoparticles. These materials play a 

vital role in LIB performance. Although polymer 

materials play a significant role in thermal resistance, 

synthetic polymers, which are the most commonly used 

polymer electrolytes, contribute significantly to 

environmental challenges due to their toxic and non-

biodegradable nature. In addition, their production and 

processing are expensive because of the high energy 

requirements and costs of raw materials. Altogether, 

these factors render them less sustainable than their 

biodegradable alternatives [8]. Raihan et al. [9] further 

emphasized that biodegradable materials are 

inexpensive, abundant, less toxic, and eco-friendly.  

Biopolymer materials, such as cellulose and starch 

derivatives, have recently emerged as alternatives to 

synthetic polymers in energy storage systems because 

of their polymer chain flexibility. However, they 

require further optimization for high-performance 

applications [10].  Studies on cassava starch (CS) 

biopolymers, which are used either wholly or partially 
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to replace synthetic polymers in nanocomposite 

polymer electrolytes, are relatively new compared with 

numerous studies on polymer electrolytes that utilize 

only synthetic polymers [11]. Biopolymer-based 

polymer electrolytes have attracted increasing attention 

owing to their renewability, biodegradability, low cost, 

and environmental sustainability. A starch-based 

biopolymer is a naturally abundant polysaccharide with 

a high density of hydroxyl functional groups that 

facilitate salt dissociation and ion transport [12]. 

However, starch-based electrolytes generally suffer 

from low thermal resistance and structural instability 

caused by strong intermolecular hydrogen bonding and 

partial crystallinity, which restrict their high-

temperature performance [13]. 

The need to investigate the composite blend of CS and 

polyvinylpyrrolidone (PVP) in nanocomposite polymer 

electrolytes arises from the goal of developing more 

sustainable, thermal resistance, and efficient materials 

for energy storage applications. This study analyzed the 

thermal stability of cassava starch-polyvinylpyrrolidone 

nanocomposite polymer electrolytes using a Kissinger 

model for LIB application. 

 

Theoretical Models  

Bragg’s law and the Scherrer model  

Bragg’s law and the Scherrer model [14] form the basis 

of X-ray Diffraction (XRD), which scans the bulk 

crystalline structure of materials to reveal crystalline 

phase patterns. 

 

Bragg’s law is defined as: 

 𝑛𝜆 = 2𝑑𝑠𝑖𝑛𝑒 𝜃  (1) 

Where, 𝑛= order of diffraction of the sample (an integer 

1, 2, 3…); 𝜆=X-ray wavelength of the sample; 𝑑= 

distance between the neighboring atomic layers (d-

spacing) of the sample; 𝜃= reflection angle the sample 

 

Scherrer’s model is: 

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 

Where: 𝐷 = crystallite size (nm) of the sample; 𝐾= 

shape factor (0.9) for polymer electrolytes; 𝜆= X-ray 

wavelength computed from Bragg’s law; 𝛽 = full width 

at half maximum (FWHM) in radians; 𝜃 = Bragg angle 

(in radians) 

 

The Kissinger model 
The Kissinger model is used to determine the activation 

energy (𝐸𝑎) of a material’s decomposition using TGA 

data [4]. The Kissinger equation is as follows: 

Kissinger equation: ln (
𝛽

𝑇𝑃
2) = ln  

𝐴𝑅

𝐸𝑎
 − 

𝐸𝑎

𝑅 𝑇𝑝
           (2) 

 

The rearranged Kissinger equation becomes,  

 
𝐸𝑎

𝑅 𝑇𝑝
= ln  

𝐴𝑅

𝐸𝑎
 − ln (

𝛽

𝑇𝑃
2 )       (3) 

Where: 𝛽= heating rate (K/min or 
o
C/min); 𝑇𝑝= peak 

temperature (in kelvin); 𝐸𝑎 = activation energy (K 

J/mol); 𝐴 = pre-exponential factor (S
-1

) for polymer 

degradation, which is generally within the range of 10
10 

to 10
13

 s
–1 

[5]; 𝑅 = gas constant (8.314 J/mol. K) 

 

Vijaya et al. [15] gave the following criterion for 

thermal stability: 

i. Low thermal stability (low activation energy): 

<100 KJ/mol 

ii. Moderate thermal stability (activation energy): 

100-200 KJ/mol 

iii. High thermal stability (high activation energy): 

>200 kJ/mol 

 

Materials and Methods 

Materials  

The materials used in this work consist of lithium 

acetate dihydrate (𝐿𝑖𝑂𝑂𝐶𝐶𝐻3 . 2𝐻2𝑂) (99 %), PVP 

(98 %), CS powder (95 %), titanium dioxide 

(𝑇𝑖𝑂2(99 %),  borax (98 %), glycerol  98 % , and 

deionized water (99.9 %). CS powder was locally 

prepared, while LiOOCCH3 . 2H2O, PVP,  TiO2, 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 
CS powder wasprepared based on [15] 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 15 min, and filtered through 

muslin cloth. The filtered liquid was left to settle down 

for 12 h, to allow it to precipitate. The precipitated 

starch was obtained after removing water left on top of 

it. The precipitated CS was then washed three times 

with deionized water and dried in an oven for 24 h at 

50 0𝐶.  The dried precipitated CS was then grinded 

using household electric grinding machine to obtain CS 

powder. 

 

Preparation of nanocomposite polymer electrolyte 

films 

The nanocomposite polymer electrolyte films were 

prepared using direct heating solution casting method 

as illustrated by Slesarenko et al. [16]. The 

nanocomposite polymer electrolyte materials 

composition is presented on Table 1. 

 

Table 1: Compositions of CS- PVP nanocomposite 

polymer electrolytes 

Sample 
CS 

(g) 

PVP 

(g) 

Glycerol 

(ml) 

Borax 

(g) 

Titanium 

Dioxide (g) 

Lithium 

Acetate 

Dehydrate (g) 

S1 0 5 2 0.3 0.15 0.5 

S2 1.5 3.5 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 material compositions, five CS-

PVP nanocomposite polymer electrolyte samples were 

prepared using the direct-heat solution casting method. 
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As shown in Fig. 1, CS and PVP solutions were 

prepared using 15-50 mL of deionized water.  The 

solution was then heated at 60 0𝐶 for 30 min and stirred 

using a magnetic stirrer at 750 rpm. After 30 min, 

glycerol was added and mixed for another 10 min.  

Subsequently, borax and TiO2 were added and further 

mixed for another additional 10 min. Finally, lithium 

acetate dihydrate was added and mixed with the 

solution for another 20 min.  At end of the 20 min, the 

solution was cast onto three Teflon sheets and dry at 

room temperature for 48 h.  The dried films were then 

peeled off using a razor blade and used for the 

experiments.  

 

 

 
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 

 

 

X-ray diffraction 
XRD was used to collect data on the internal structure 

of nanocomposite polymer electrolyte films. 

PANanalytical X
I
Pert PRO diffractometer was used to 

scan the internal structure of the sample, and it was 

performed over a (2𝜃) of 5° to 80° with a step size of 

0.02° and a scan speed of 1°/𝑚𝑖𝑛.XRD data were 

analyzed using Bragg’s law and Scherrer’s model to 

derive the crystallite size [14]. 

 

Thermogravimetric analysis 

TGA (PerkinElmer TGA 4000) was used to record 

thermal stability data from 30 to 950 0𝐶 at a heating 

rate of 10 0𝐶/𝑚𝑖𝑛, producing weight-loss versus 

temperature plots. Kissinger model was then applied to 

TGA data to compute the activation energy of thermal 

degradation, which is used to quantify thermal stability 

[4, 13]. 

 

Results and Discussion 

X-ray diffraction 

The XRD plots of the samples are presented in Figs 2–

6. The crystallite sizes of the nanocomposite polymer 

electrolytes analyzed using Bragg’s law and Scherrer’s 

model are presented in Table 2–6.   

The XRD patterns of samples 1-5 (Fig. 2-6), revealed 

the presence of multiple crystalline phases, including 

urea, graphite, tridymite, and silicalite, including a 

heterogenous structural organization within the 

nanocomposite polymer electrolytes.  Notably, the 

sharpest diffraction peaks appear between 15° −
 30°2 𝜃, suggesting well-ordered crystalline domains 

that provide structural stability while maintaining 

sufficient polymer chain flexibility.  

 

 
Figure 2: XRD plot of sample 1 (0 g CS: 1.5 g PVP) 

performed at a scan speed of 𝟏°/𝒎𝒊𝒏 

 

 

 
Figure 3: XRD plot of sample 2 (1.5 g CS: 3.5 g 

PVP) performed at a scan speed of𝟏°/𝒎𝒊𝒏 
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Figure 4: XRD plot of sample 3 (2.5 g CS: 2.5 g 

PVP) performed at a scan speed of𝟏°/𝒎𝒊𝒏 

 

 

 
Figure 5: XRD plot of sample 4 (3.5 g CS: 1.5 g 

PVP) performed at a scan speed of 𝟏°/𝒎𝒊𝒏 

 

 

 
Figure 6: XRD plot of sample 5 (5 g CS: 0 g PVP) 

performed at a scan speed of𝟏°/𝒎𝒊𝒏 

 

 

Table 2: Crystallite size result of sample 1 (0 g CS: 

1.5 g PVP) at order of diffractions 1-4 

N/S θ Rad. 
FWHM 

(β) Rad. 
λ, Å K d, Å D, nm 

1 0.196 0.028 1.542 0.9 3.959 5.05 

2 0.236 7.68 x10
-3

 0.769 0.9 3.290 9.27 

3 0.254 9.599 x10
-3

 0.514 0.9 3.0689 4.98 

4 0.294 5.59 x10
-3

 0.365 0.9 2.516 6.14 

   Average D 6.36 nm 

 

Table 3: Crystallite size result of sample 2 (1.5 g CS: 

3.5 g PVP) at order of diffraction 1-7 

N/S θ Rad. 
FWHM 

(β) Rad. 
λ, Å K d, Å D, nm 

1 0.126 0.0297 1.5406 0.9 6.13 4.71 

2 0.139 0.021 0.770 0.9 5.56 3.33 

3 0.194 0.035 1.538 0.9 3.989 4.03 

4 0.237 8.90 x10-3 0.385 0.9 3.283 4.01 

5 0.254 4.01 x10-3 0.309 0.9 3.0698 7.17 

6 0.294 5.93 x10-3 0.240 0.9 2.5158 3.80 

7 0.472 8.20 x10-3 0.22 0.9 1.6931 2.71 

    Average D  4.25 nm 

 

 

Table 4: Crystallite size result of sample 3 (2.5 g CS: 

2.5 g PVP) at order of diffraction 1 

N/S θ Rad. 
FWHM 

(β) Rad. 
λ, Å K d, Å D, nm 

1 0.193 0.4503 1.541 0.9 4.018 31.4 nm 

 

 

Table 5: Crystallite size result of sample 4 (3.5 g CS: 

1.5 g PVP) at order of diffraction 1 

N/S θ Rad. 
FWHM 

(β) Rad. 
λ, Å K d, Å D, nm 

1 0.214 0.548 1.54 0.9 3.63 25.9 nm 

 

 

Table 6: Crystallite size result of sample 5 (5 g CS: 0 

g PVP) at order of diffraction 1 

N/S θ Rad. 
FWHM 

(β) Rad. 
λ, Å K d, Å D, nm 

1 0.192 0.433 1.538 0.9 4.03 32.6 nm 

 

 

Sample 5 exhibited the largest crystallite size of 32.6 

nm, which, combined with its sharp peaks, reflects 

medium crystallinity.  This intermediate degree of order 

is significant: It ensures mechanical reinforcement from 

the crystalline regions while retaining amorphous 

segments that facilitate ion mobility. Such a balance is 

critical for solid-state electrolytes, as excessive 

crystallinity can hinder lithium-ion transport, whereas 

insufficient order may compromise structural integrity.  

The multiphase composition likely contributes 

synergistically to electrolyte performance: silicate and 

tridymite enhance thermal and mechanical stability, 

graphite provides conductive pathways, and urea 

influences polymer chain packing. The observed 

diffraction features align with previous studies of many 

researchers [17, 9, 18], which demonstrated that 

medium crystallinity optimizes both mechanical and 

ionic properties in polymer electrolytes.  

 

Thermal stability and activation energy  

The activation energies of Samples 1-5 were analyzed 

using Kissinger model as presented in Figs 7–11 and 

Table 7. 
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Figure 7: TGA plot of sample 1 (0 g CS: 5 g PVP) 

recorded from 𝟑𝟎  to 𝟗𝟓𝟎 𝟎𝑪 heating temperature, 

and at a heating rate of 𝟏𝟎 𝟎𝑪/𝒎𝒊𝒏 

 

 

 
Figure 8: TGA plot of sample 2 (1.5 g CS: 3.5 g 

PVP) recorded from 𝟑𝟎  to 𝟗𝟓𝟎 𝟎𝑪 heating 

temperature, and at a heating rate of 𝟏𝟎 𝟎𝑪/𝒎𝒊𝒏 

 

 

 
Figure 9: TGA plot of sample 3 (2.5 g CS: 2.5 g 

PVP) recorded from 𝟑𝟎  to 𝟗𝟓𝟎 𝟎𝑪 heating 

temperature, and at a heating rate of 𝟏𝟎 𝟎𝑪/𝒎𝒊𝒏 

 
Figure 10: TGA plot of sample 4 (3.5 g CS: 1.5 g 

PVP) recorded from 𝟑𝟎  to 𝟗𝟓𝟎 𝟎𝑪 heating 

temperature, and at a heating rate of 𝟏𝟎 𝟎𝑪/𝒎𝒊𝒏 

 

 

 
Figure 11: TGA plot of sample 5 (5 g CS: 0 g PVP) 

recorded from 𝟑𝟎  to 𝟗𝟓𝟎 𝟎𝑪 heating temperature, 

and at a heating rate of 𝟏𝟎 𝟎𝑪/𝒎𝒊𝒏 

 

 

 

 

 

 

 

Table 7: Activation energies of samples 1-5 computed at a heating rate of 𝟏𝟎 𝟎𝑪/𝒎𝒊𝒏 

Sample 
Heating  

Rate, β (K/s) 

Peak temperature  

of Samples, Tp (K) 

Pre-Exponential  

Factor, A (s-1) 

Gas constant,  

R (KJ/mol K) 

Activation energy  

(Ea) (KJ/mol) 

1(0 g CS: 5 g PVP) 0.1667 623.15 1013 8.314x10-3 179 

2(1.5g CS: 3.5g PVP) 0.1667 643.15 1013 8.314x10-3 185 

3(2.5 g CS: 2.5 g PVP) 0.1667 653.15 1013 8.314x10-3 188 

4(3.5 g CS: 1.5 g PVP) 0.1667 658.15 1013 8.314x10-3 189 

5(5 g CS: 0 g PVP) 0.1667 673.15 1013 8.314x10-3 194 

 

Lafia Journal of Scientific & Industrial Research, 4(1) 



173

Sample 5 exhibited the highest activation energy of 

194 kJ/mol, while the other samples fell within the 

range of 100-200 KJ/mol, indicating moderate thermal 

stability as reported in the literature [13]. The higher 

activation energy of sample 5 suggests stronger 

intermolecular interactions and a more stable polymer 

structure, requiring greater energy for thermal 

degradation.  

This behavior can be linked to its structural 

characteristics, particularly its medium crystallinity and 

multiphase composition. The presence of crystalline 

regions restricts polymer chain mobility at elevated 

temperatures, thereby enhancing thermal resistance, 

while the amorphous regions maintain segmental 

flexibility necessary for ion transport. 

The moderate thermal stability observed across all 

samples reflects a balance between structural rigidity 

and polymer mobility. This is important in polymer 

electrolytes, where sufficient thermal resistance must 

coexist the ability of polymer chains to support ionic 

conductivity.  The present results are consistent with 

previous studies [19–22, 24], which reported stable 

polymer electrolytes above 100 
o
C. However, the 

findings differ from reports [15, 23] of lower stability, 

likely due to differences in composition, lower 

crystallinity, and the absence of reinforcing phases, 

which reduce resistance to thermal degradation. 

 

Conclusion 

The structural and thermal analyses provide important 

insights into the behavior of the developed 

nanocomposite polymer electrolytes. The XRD results 

confirmed the presence of multiple crystalline phases 

and moderate crystallinity across the samples, with 

sample 5 exhibiting the largest crystallite size and more 

defined crystalline features, indicating a more 

organized structure. The thermal analysis showed that 

all samples possess moderate thermal stability, with 

activation energies within the range of 100 −
200 kJ/mol. Notably, sample 5 exhibited the highest 

the highest activation energy (194 kJ/mol), indicating 

superior thermal stability compared to the other 

samples.  This enhanced stability is attributed to its 

structural characteristics, particularly its balanced 

crystalline-amorphous nature and multiphase 

composition. 

These findings demonstrate that variations in structural 

organization significantly influence thermal behavior, 

and that optimizing crystallinity and phase composition 

can enhance the performance of polymer electrolytes 

for solid-state lithium-ion battery applications. 
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