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5.2

5.3

properties while the hierarchical morphology of this multiphase blend can retained.
With the desired morphology, the salt shall dissolve in the amorphous phase of the

blend which forms the percolating pathway for fast cation movement.

The objectives of this study are (i) to prepare the compatible PEO/polyacrylate blend
through the appropriate choice of polyacrylate and the optimization of processing
conditions (i) to characterize the thermal stability, conductivity, morphology,
mechanical properties and the interactions between the two constituents. Minimum
one master thesis in UiTM will be produced. Oral presentations in local conferences
and a minimum of one publication in international refereed journal (Scopus indexed)

are expected.

Enhanced Executive Summary

(Abstract of the research) — 1 page only

Solution casting technique is employed to prepare the poly(ethylene oxide) (PEO)/
polyacrylate (PAc) blends. Thermal behaviour and ionic conductivity of the PEO/PAc
and PEO/PAc blends added with LiClO, were investigated using differential scanning
calorimetry (DSC) and impedance spectroscopy (IS), respectively. Observations of a
single composition-dependent glass transition temperature (T4) which agrees closely
with that calculated using the Fox equation, coupled with successive suppression of
the melting temperature (T,,) and crystallinity of PEO with ascending PAc content,
affirm the miscibility of the two constituents in the blend. The conductivity of salt-free
PEO is enhanced with the addition of < 25 wt% of PAc due to the reduced crystallinity
of PEO in the blend. The Ty values of the blend at all compositions under study
increase with the addition of LiClO,. lonic conductivity of the salt-added blend
increases with increasing salt concentration. The amorphous phase of PEO forms the
percolating pathway in the homogeneous PEO/PAC/LICIO, blends as blends with
PEO content > 25 wt% (PEO/PAc 75/25 blend) records slightly higher o values at
concentration of LiClO, (Y) > 0.02. Enhancement in ionic conductivity in the blend is
probably the result of increase charge carrier density and ionic dynamic of the PEO

macromolecular chain.

Introduction

1 to 2 pages only

The rapid development in advanced electrochemical and micro-ionic devices has

attracted extensive research on polymer electrolytes, with the desire of applying these
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electrolytes in new generation high performance rechargeable batteries’. Over the
last three decades, poly(ethylene oxide) (PEO) remained to be the focus in most of
the researches on solid state batteries because of its strong solvating capability of

wide variety of inorganic salt and its low glass transition temperature (Tg)e‘g.

It is well documented that the amorphous phase of PEO forms the percolating
pathway for fast ion transport in PEO-salt system'"". Glass transition temperature
results obtained in the previous studies'®"* have verified that no isotropic dispersion
of Li* ion in different phases of a blend is demonstrated for both the immiscible blends
of PEO/epoxidized natural rubber (ENR) and PEO/polyacrylate (PAc) with the
addition of LiCIOy, instead, the Li* ion has a higher solubility in the amorphous phase
of PEO as compared to ENR or PAc, respectively. Besides, LiCIO, is found to be
more soluble in the amorphous PAc than in ENR when equal amount of the salt is
added to the immiscible PEO/ENR and PEO/PAc systems of the same blend
composition'*™. Furthermore, with the addition of salt, the Tys of PAc in the
PEO/PAC/LICIO4 blend are raised to the range of 26 — 42 °C at which conductivity of
the blend is measured. Therefore, higher charge density in the PEO amorphous
phase of the heterogeneous PEO/ENRI/LICIO, blend accounts for the higher ionic
conductivity of the blend as compared to that in the PEO/LICIO, system. On the
contrary, due to a reasonable amount of the salt being locked in the glassy PAc, the
reduction in charge density in the PEO amorphous phase for the immiscible
PEO/PAC/LICIO4 blend causes the conductivity of the blend to be lower than that of
the PEO/LICIO, system'®.

In the blend preparation of PEO/PAc and PEO/PAC/LiCIO, electrolyte films described
in the previous study'®, solution cast free standing film was dried in a vacuum oven for
48 h at 50 °C. Calorimetric analysis using differential scanning calorimetry (DSC)
shows that both the salt-free and salt-added blend systems are immiscible marked by
the presence of two Tg4s and a relatively constant PEO crystallinity (X) with increasing
PAc content. However, miscible PEO/PAc and PEO/PACc/LiCIO, blends are obtained
in the present work when the solution cast free standing film was heated at 80 °C
(above the melting point of PEO) for 2 h under nitrogen atmosphere before vacuum
dried for another 24 h at 50 °C.

A brief description of the thermal treatment applied in the preparation of the
homogeneous PEO/PAc blend with and without the addition of the inorganic salt,
LiClO, is presented in the present study. Miscibility of the two polymer components of

the blend was investigated by thermal analysis using differential scanning calorimetry
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