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ABSTRACT

This study investigated the electrical properties of polypropylene and low
density polyethylene (PP/LDPE) nanocomposite filled with zirconium dioxide and
silicon dioxide and compare the test results of these two fillers. All samples are tested
in four different test to get the optimum results. The first test is conducted using
Differential Scanning Calorimetry (DSC) to examine their melting point and degree of
crystallinity. Next, Scanning Electron Microscopy (SEM) is utilizes to observe and
compare their structure analysis. After that, direct current breakdown test is carried out
and the results are analysed through Weibull analysis. Lastly, permittivity test is
conducted using Gamry Instrument. According to results obtained, polymer
nanocomposites with fillers shows significant improvement on their performance
compared to the one without fillers. Besides that, zirconium dioxide shows better

results than silicon dioxide throughout the tests.



ABSTRAK

Kajian ini dilakukan bertujuan untuk menyiasat sifat elektrik polipropilena dan
polietilena ketumpatan rendah (PP / LDPE) nanocomposite yang diisi dengan
zirkonium dioksida dan silikon dioksida dan membandingkan hasil ujian kedua-dua
pengisi ini. Semua sampel diuji dalam empat ujian yang berbeza untuk mendapatkan
hasil yang optimum. Ujian pertama dijalankan menggunakan Differential Scanning
Calorimetry (DSC) untuk memeriksa titik lebur dan tahap kristalografi. Seterusnya,
Scanning Electron Microscopy (SEM) digunakan untuk memerhatikan dan
menganalisisa struktur mereka. Selepas itu, ujian pecahan arus terus dijalankan dan
keputusannya dianalisis melalui analisis Weibull. Akhir sekali, ujian permittivity
dilakukan menggunakan Gamry Instrument. Menurut hasil yang diperolehi polimer
nanocomposites dengan pengisi menunjukkan peningkatan yang ketara pada prestasi
mereka berbanding dengan tanpa pengisi. Selain itu, zirkonium dioksida menunjukkan

hasil yang lebih baik daripada silikon dioksida sepanjang ujian.

Vi
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Polymers are widely used and known as a good insulating materials compared
to porcelain and glass because of their stable physical and chemical properties [2].
Besides that, the advantages of polymers are it has better contamination performance,
light weight and superior vandal resistance [1]. However, in polymeric materials, it is
common to degrade due to changes in their chemical, physical and mechanical
properties. The degradation of polymer can be caused by chemical attack, stress
loading, solar light or heating, water absorption and many more. Polyethylene and
polypropylene are most used in high voltage insulation and their application usually

being under outdoor services environments [3].

There are many problems can occur when polymers that act as insulator are
degraded. One of the problems is due to contraction of surface layer, where the surface
of polymer will form cracks and causes serious deterioration in its mechanical
properties [3]. Other than that, when surface of an energized insulator is covered by
the presence of moisture and contamination, corona discharges and dry band arcing
will occur. This can cause the material degradation and formed tracking or erosion [1].
Therefore, some researches have been made to improve or modify the mechanical and

electrical properties of polymers.

This thesis presents a method where by adding fillers, the mechanical strength
of the polymers will increase and changes the electric conductivity. Addition of
nanoparticles as fillers into polymers will be different compared to bulk material since
their size is smaller and thus surface area will increase [2]. There are many advantages
of polymer nanocomposites compared to the traditional polymer such as strength

increased without degrading other mechanical properties, heat resistance improved,



electrical conductivity increased and gas permeability reduced [4]. The fillers that will

be used in this paper are silicon dioxide and zirconium dioxide.

Silicon dioxide (SiO) is an excellent insulator and have high thermal stability.
Furthermore, it has a wide band gap and a high dielectric strength [5]. While for
zirconium dioxide (ZrOy), it has a high strength, excellent thermal stability and
chemical resistance and high fracture toughness and hardness. Based on previous
researches [6], ZrOz able to reduce the thermal expansion coefficient of polymer and

increase the dielectric permittivity of conductive polymer.

With that being said, by adding the nanoparticles as fillers in polymers, the
performance of polymers as high voltage insulator will be improved and enhanced.
The degradation of polymers is expected to reduce with the addition of nanoparticles.
The comparisons of these two different fillers will be shown and analysed in the test

results.

Various types of research have been made regarding the methods of improving
the performance of polymers as an insulator in high voltage application. More studies
and researches are expected to be made in future in enhancing the mechanical and

electrical properties of polymers.

1.2 Problem Statement

This study will combine two different group of polymers which are low density
polyethylene (LDPE) and polypropylene (PP). Many studies [7,8] show that the weak
properties of LDPE which are lack of mechanical and thermal resistance can be
improved by mixing it with other polymers that have high temperature resistance such
as PP. These blends had improved the impact and tensile strength. In many research
papers of PP/LDPE blends were mainly focused on the mechanical properties, thus
making information on the electrical properties of PP/LDPE blends is hardly found in

the literature.

In this study, the electrical properties of PP/LDPE compounds will be
investigated which include DC breakdown and permittivity. From previous studies



[7,8,13], they added 30%, 50% and 70% of LDPE into PP and found that the dielectric
strength of PP/LDPE compounds were lower than those of pure LDPE samples. Lower
dielectric strength is undesirable in designing high voltage insulating material and
needs to be improved significantly. In this study, the amount of LDPE is increased to

80% in comparison of PP amount.

Many of the previous studies [3,4,6] have investigated the effect of addition of
nanofillers for example zinc oxide and aluminium oxide in different composite such
as polyester, polyethylene (PE) or polypropylene (PP). Those studies shows that
addition of nanofillers did enhance the breakdown properties of polymer composites.
However, no study has been conducted to explore the effect of nanofillers in PP/LDPE
compounds blend. This has motivated us to investigate the effects of SiO, and ZrO; in
PP/LDPE compounds blend.

Most studies state that the addition of nanofillers into nanocomposites below
5%wt can improve their breakdown performance and electrical properties [3,4].
Therefore, in current study, three different weight percentage of nanofillers are used
and added into polymer blends. From these results, the optimum percentage of

nanofillers that need to be added into the polymer blends will be determined.

1.3 Research Objectives

The objectives of this study are :

1. To investigate the electrical properties of PP/LDPE nanocomposite filled
with zirconium dioxide and silicon dioxide.

2. To determine which nanofillers contribute to the best enhancement of

electrical properties of polymer base.

1.4 Scope of Study

The scope of this study are :
Fabrication of polymer blends :
(i) 80% Low Density Polyethylene (LDPE) + 20% Polypropylene (PP)



Addition of nanofillers into polymer blends in (i) :
(ii) Silicon Dioxide (0.5%, 1%, 4%) wt
(iii) Zirconium Dioxide (0.5%, 1%, 4%) wt

Parameter tested :

1) DC breakdown test

2) Permittivity test

3) Structural analysis test using SEM

4) Thermal profile test (melting and crystallization behaviour) using DSC
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