e
N

-




Perpustakaan Sult

1100051285 ‘

C/U O\ 05

LP 19 FST 5 2007

1100051285
Solid polymer electrolyte for lithium rechargeable batteries / Sit
Norbaizura Abdul Malik.

PERPUSTAKAAN
UNIVERSIT! MALAYSIA TERENGGANU (UMT)
21030 KUALA TERENGGANU

1100051285

Lihat sebelah

HAK MILIK
PERPUSTAKAAN UMT




Perpustakaan Sultanah Nur Zzhirah (UMT

Universiti Malaysia Tere

SOLID POLYMER ELECTROLYTE FOR LITHIUM
RECHARGEABLE BATTERIES

By

Siti Norbaizura Binti Abdul Malik

Research Report submitted in partial fulfillment of
the requirement for the degree of
Bachelor of Applied Science (Physics Electronics and Instrumentations)

Department of Physical Sciences
Faculty of Science and Technology
UNIVERSITY MALAYSIA TERENGGANU
2007

1100051285



Acknowledgements

ACKNOWLEDGEMENTS

H;)S\OA;JS\A:‘M\HQ

First of all, I would like to thank my supervisor, Pn. Nurul Hayati binti Idris for her
supervision, assistance, comments and guidance that enable this project run smoothly.
Sincere thanks also to laboratory assistance of Physics Department, University of
Malaysia Terengganu (UMT) for giving major helps and cooperation while doing my
lab work. Also a special thanks to staff and laboratory assistance at Physics
Department, University of Malaya (UM) and Chemistry Department for their

cooperation and permission to use facilities in laboratory.

[ am very grateful to my project partner, Rahimah and all friends of Applied Science
(Physics Electronic and Instrumentation) third year students especially Azlina and
Nurrul A’iin for their valuable information, comments, suggestions and their
assistance along the project. Appreciation is extended to my roommates, Kak Adni

and Sya for their cares and shares during my research.

Special thanks go to Mohd Fakhzan for his cares and encouragement in order to
accomplish my project. Besides, my heartfelt gratitude goes to my family members
especially my mother, Pn. Kamariah binti Idris, my sisters and brothers, Kak Na, Kak
Za, Abe Lie, Abe Yus, Zul and Adik Azie for their prayers and spiritual support.

Without them, I would not be able to gain knowledge and success now.
It is a difficult task to carry out this project alone. Fortunately, many people have

helped me so through all the hard time. Here, I would like to deliver my appreciation

to those who have contributed to this project, thanks for helping and co-operations.

SITI NORBAIZURA BINTI ABDUL MALIK
29" April 2007

iii



LIST OF CONTENTS

TITLE PAGE

APPROVAL FORM
ACKNOWLEDGEMENTS

LIST OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS/SYMBOLS
ABSTRACT

ABSTRAK

CHAPTER 1: INTRODUCTION
1.1 Introduction

1.2 Objectives

CHAPTER 2: LITERATURE REVIEW

2.0 Introduction

2.1 Chitosan

2.2 Poly(ethylene oxide)

2.3 Polymer blend

2.4 Lithium trifluoremethane sulfonate (LiCF3S03) salt

2.5 Lithium-ion batteries

CHAPTER 3: METHODOLOGY
3.0 Introduction
3.1 Sample preparation

3.2 Sample analysis

3.2.1 Electrochemical Impedance Spectroscopy (EIS)
3.2.2 Fourier Transform Infrared (FTIR) Spectroscopy

v

List of contents

Pages

iii
v
Vi
vii
1X
X1

X1l

13
13

14
16



CHAPTER 4: RESULTS AND DISCUSSION
4.0 Introduction
4.1 Room temperature conductivity dependence and dielectric behavior
4.2 Tonic conductivity for temperature studies
4.3 Fourier transform infrared (FTIR)
4.3.1 Chitosan/PEO blend
4.3.2 Chitosan/PEO blend with salt concentration

CHAPTER 5: CONCLUSION AND RECOMMENDATIONS
REFERENCES
CURRICULUM VITAE

List of contents

18
18
22

28

31

38
48



Table 4.1
Table 4.2
Table 4.3
Table 4.4

List of tables

LIST OF TABLES

Regression values, R’ for log o with 1000/T plots of the complexes
Vibrational modes and wavenumbers exhibited by pure chitosan
Vibrational modes and wavenumbers exhibited by pure PEO

Vibrational modes and wavenumbers exhibited by pure LiCF;S0;

Vi



Figure 2.1
Figure 2.2

Figure 2.3
Figure 2.4
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5

Figure 4.6

Figure 4.7
Figure 4.8

Figure 4.9

Figure 4.10

List of figures

LIST OF FIGURES

Structure of chitin and chitosan

Complex impedance of films containing different concentrations of
LiCF3S0s5 at 50°C

Complex impedance of films containing different concentrations of
LiBF, at 50°C

Schematic diagram of basic construction of polymer based batteries
The solution was stirred using hot plate

Solution was dried in petri dishes at room temperature

HIOKI 3531-01 LCR Hi-Tester interfaced to a personal computer
Sample holder with two stainless-steel electrodes

Perkin-Elmer System 2000 FT-IR spectrometer

Variation of conductivity as a function of salt concentration at
room temperature

Dielectric constant as a function of frequency at different
LiCF;3S0j salt concentration

Dielectric loss as a function of frequency at different LiCF;S0; salt
concentration

Frequency dependence of real part of electrical modulus at
different LiCF3SO; salt concentration

Frequency dependence of imaginary part of electrical modulus at
different LiCF3SO; salt concentration

Temperature dependence of ionic conductivity at different
LiCF5SOj salt concentration

Variation of activation energy as a function of salt concentration
Dielectric constant as a function of frequency at various
temperatures for the highest conducting film

Dielectric loss as a function of frequency at various temperatures
for the highest conducting films

Frequency dependence of real part of electrical modulus at various

temperatures for the highest conducting film

vii



Figure 4.11

Figure 4.12
Figure 4.13
Figure 4.14

Figure 4.15
Figure 4.16

Figure 4.17

List of figures

Frequency dependence imaginary part of electrical modulus at
various temperatures for the highest conducting film

FTIR spectra of pure chitosan

FTIR spectra of pure PEO

FTIR spectra of (a) pure chitosan, (b) pure PEO and (¢)
chitosan/PEO blend

FTIR spectra of pure LiCF;SO;

FTIR spectra of (a) chitosan/PEO blend, (b) 30 wt.% LiCF3SO3 and
(¢) pure LiCF;S05

FTIR spectra of (a) 5 wt.%, (b) 10 wt.%, (c) 15 wt.%, (d) 20 wt.%,
(e) 25 wt.%, (f) 30 wt.%, (g) 35 wt.%, (h) 40 wt.% LiCF;SOs in the
400-4000 cm™ spectral region

viii



CA

DMP

EIS

EO

FTIR
KBr
LiBF4
LiCF3S0;
LiClO4
LiN(CF3S0,),
LiOAc
LiPF¢
LiTFSI
MW

PEO
PMMA
PPO

PVC

PVP
TCNQ

Scm’!

List of abbreviations/symbols

LIST OF ABBREVIATIONS/SYMBOLS

Citric acid

Dimethyl phthalate

Electrochemical impedance spectroscopy
Ethylene oxide

Fourier transforms infrared

Kalium bromide

Lithium tetrafluoroborate

Lithium trifluoremethane sulfonate
Lithium perchlorate

Lithium bis(trifluoromethanesulfonimide)
Lithium acetate

Lithium hexafluorophosphate
Lithium trifluoromethanesulfoimide
Molecular weight

Poly(ethylene oxide)

Poly(methyl methacrylate)
Polypropylene oxide

Polyvinyl chloride

Polyvinyl pyridine
Tetracyanoquinodimethane

Area of the cross-section of the film
Geometrical capacitance

Activation energy

Electron volt

Boltzmann constant

Imaginary electrical modulus

Real electrical modulus

Bulk impedance

Regression value

Siemens per centimeter

Absolute temperature

X



List of abbreviations/symbols

15 Glass-transition temperature
t Thickness of the film

wt.% Weight percent

Z Imaginary impedance

Zr Real impedance

o Conductivity

O, Pre-exponential factor

O Symmetric deformation

€o The permittivity of the space area
€ Dielectric loss

ER Dielectric constant

® Angular frequency

Dys Asymmetric vibration



Abstract

ABSTRACT

Solid polymer electrolytes composed of chitosan and PEO as the host polymer and
LiCF;SO; as the doping salt were prepared by the solution cast technique. These
complexes with different amounts of salts were investigated as possible ionic
conducting polymers by using the electrochemical impedance spectroscopy (EIS). At
room temperature, the highest ionic conductivity of the complexes was observed at
5.74 x 10 S ¢cm™! for the film containing chitosan (0.35 g)-PEO (0.35 g) and 30 wt.%
of LiCF3;SOs;. Conductivity for all samples was also studied as a function of
temperature in range 303-393 K. Dielectric data were analyzed using complex
permittivity, ¢ and complex electrical modulus, M’ for the sample with the highest
ionic conductivity at room temperature. The temperature dependent conductivity data
obeys the Arrhenius plot. The film exhibiting the highest ionic conductivity has the
lowest activation energy 0.19 eV. Further, the interaction of the polymer chains with
the different salt concentration is substantiated by Fourier transform infrared (FTIR)
spectroscopy. From the infrared spectra of chitosan-PEO blends and chitosan-PEO

with different salt concentration show that the complexation are miscible.
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Abstrak

ABSTRAK

Elektrolit polimer pepejal menggunakan kitosan dan PEO sebagai hos polimer dan
LiCF380; sebagai pengedopan garam telah disediakan daripada teknik ‘solution
casting’. Kompleks-kompleks ini disediakan dengan amaun garam yang berbeza-beza
telah dianalisis sebagai polimer pengaliran ion dengan menggunakan spektroskopi
impedan elektrokimia (EIS). Pada suhu bilik, konduktiviti yang paling tinggi telah
dikenalpasti pada 5.74 x 10° S cm™ bagi filem yang mengandungi kitosan (0.35 g)-
PEO (0.35 g) dan 30 wt.% LiCF3SOs3. Konduktiviti bagi semua sampel juga turut
dikaji sebagai satu fungsi suhu dalam julat 303-393 K. Data dielectric dianalisis
dengan menggunakan kompleks ketelusan, ¢~ dan modulus elektrik, M" untuk sampel
yang mempunyai konduktiviti yang paling tinggi pada suhu bilik. Suhu yang
bergantung dengan konduktiviti adalah mematuhi plot Arrhenius. Filem yang
mempunyai ionik konduktiviti yang paling tinggi memberikan nilai tenaga
pengaktifan yang paling rendah iaitu 0.19 eV. Seterusnya, interaksi antara rantai-
rantai polimer dengan kepekatan garam yang berbeza-beza dianalisis oleh
spektroskopi Fourier transform inframerah (FTIR). Daripada spektrum inframerah,
adunan kitosan-PEO dan kitosan-PEO dengan kepekatan garam yang berbeza-beza

menunjukkan bahawa kompleks ini adalah boleh bercampur.
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