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ABSTRACT

This research proposed study on new nanocomposite material for the application of
electrical devices, which utilized fluoropolymer and nanofiller. Nanocomposite thin
films with MgO loading percentages of 1, 3, 5, and 7 % incorporated in PVDF-TrFE
polymer matrix were produced by spin coating technique on Al-glass substrates. The
PVDF-TrFE thin films were annealed and recrystallized in accordance to the
transition temperatures (T., Ty, and Tcrys) of PVDF-TtFE determined through the
observation of the DSC spectra. The annealed PVDF-TrFE thin film (AN113) showed
significant improvement in the ferroelectric properties with rectangular shape
hysteresis loops for a range of applied voltage. Most importantly, the annealed AN113
film sustained electrical breakdown unlike the recrystallized thin films (RC154,
RC135 and RC55). The P, value recorded for AN113 thin film at applied voltage of
100 V was 77 mC/m?, with E. of 88 MV/m. The morphology of AN113 thin film was
also observed to be defect free, as evident from FESEM images. The high intensity
peaks at 1288 cm ™ and 845 cm', observed from the FTIR spectrum showed most of
the dipoles in AN113 thin film were aligned parallel to the b-axis. Further annealing
of PVDF-TtFE thin film at 120°C (AN120), showed a significant increased in the P, to
a value of 93 mC/m” and E. of 74 MV/m at 100 V applied voltage. With the
incorporation of MgO nanofiller in PVDF-TrFE, the AN120/3%MgO nanocomposite
thin film showed the highest P, of 88 mC/m? with E, of 79 MV/m at 100 V, relative to
the P, and E. values obtained for nanocomposite thin films filled with MgO at loading
percentages of 1, 5 and 7%. Further increased in MgO loading percentage, produced a
drop in crystallinity, as shown by the decrement in the XRD peak diffraction at 20 =
19.2°. It is noteworthy to mention that from the observation of the XRD peak
diffraction patterns, peak at 20 = 17.5°emerged for AN120/5%MgO and
AN120/7%MgQO films, which indicated the presence of a phase crystals in these
nanocomposite films. These unfavourable non-polar crystals have little contribution to
ferroelectric properties of the nanocomposite thin films. Therefore, it is established in

this study, the favourable thin film produced with enhanced ferroelectric was the
annealed PVDF-TtFE thin film at 120°C and loaded with 3% MgQO nanofiller.
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CHAPTER ONE
INTRODUCTION

1.1 INTRODUCTION

Researchers in the field of atomic and molecular interactions are continuing to
push the frontiers by enhancing knowledge needed to progress in the technology of
miniaturization. The current global research interest focuses on the manufacture of
structures that are few microns or nanometer thick. Rapid growth in electronic
products forces manufacturers to design small and light weight multifunctional
devices for the current demanding lifestyle.

Conventional electronic components such as sensors, transducers, capacitors,
and memory devices are conventionally made of highly dense and brittle ceramic
materials, which is a challenge especially for intricate and miniature parts made of
ceramic due to its high temperature and several complex stages of processing.
However, these problems can be overcome with the utilization of both polymeric
material and ceramic, also known as composite materials [9]. Composite materials
comprise of materials with two different phase or more [10]. Polymers with their high
flexibility, lightweight and high mechanical properties are usually utilized in
combination with ceramic materials. Interestingly, these polymer-based composites
can be fabricated into many shapes and sizes at relatively low temperatures. The cost
and time taken to produce these polymer composite parts are far much less in
comparison to ceramic products.

Homopolymer  polyvinylidenefluoride =~ (PVDF) and its copolymer,
polyvinylidenefluoride-trifluoroethylene (PVDF-TrFE) stand out from other polymers
owing to its good relative permittivity value (¢ = 7 ~ 13), excellence performance as
piezo-, pyro- and ferroelectric materials [2-3]. The ferroelectricity in PVDF-TrFE
copolymer is induced by the parallel packing of the all-trans conformation of chain
molecules, which resulted in large spontaneous polarization [11]. This makes PVDF-
TrFE a suitable polymer to be employed in memory and storage devices. The
performance of PVDF-TrFE in memory device depends mainly on the value of its

remnant polarization (P,), which is largely affected by the crystallinity of the p phase





