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ABSTRACT

This project determined the effect of breakdown strength when heat treatment
process was applied on nanocomposites. Unlike the normal approach where
nanocomposites rarely takes into account the effect of heat treatment process, the heat
treatment method used in this project was by heating to nanocomposites under 3
conditions of temperature. The proposed approach utilized nanosilica and nanosilicon
nitride as the nanofillers and polyethylene blend as the base polymer with the
nanocomposites exposed to heat treatment under vacuum at temperatures of 80°C,
90°C and 100°C. The results showed that unfilled polyethylene blend had the highest
measurement of breakdown strength which were 27.82% and 10.89% higher when
compared with the addition on 1 wt% nanosilica and 1 wt% nanosilicon nitride at
ambient temperature. However, when the thin film samples were treated with 3 types
of heat treatment in vacuum condition and underwent DC breakdown test afterwards,
the results for samples treated at 90°C improved, where the addition of 1 wt%
nanosilica and 1 wt% nanosilicon nitride increased to 3.45% and 28.88% when
compared with unfilled polyethylene blend. This meant the conditioning of heat
treatment could improve the characteristic of the dielectric properties of the
nanocomposites. The work can be considered significant due to the fact that the
breakdown strength of nanocomposites will be affected by the type of nanofillers used

and heat treatment process on the nanocomposites.



ABSTRAK

Projek ini menentukan kesan proses rawatan haba kepada kekuatan pecah tebat
komposit nano. Tidak seperti pendekatan biasa di mana komposit nano jarang
mengambil kira kesan proses rawatan haba, kaedah rawatan haba yang digunakan di
dalam projek ini ialah dengan memanaskan komposit nano di bawah 3 keadaan suhu.
Pendekatan yang dicadangkan adalah dengan menggunakan silika nano dan silikon
nitrida nano sebagai pengisi nano dan polietilena sebagai polimer asas dengan
komposit nano terdedah kepada rawatan haba di bawah vakum pada 80, 90 dan 100
darjah suhu. Keputusan menunjukkan bahawa campuran polietilena yang tidak terisi
mempunyai kekuatan pecah tebat tertinggi iaitu 27.82% dan 10.89% lebih tinggi
berbanding dengan penambahan pada 1 wt% silika nano dan 1 wt% silikon nitrida
nano pada suhu keadaan semasa. Walau bagaimanapun, apabila spesimen filem
dirawat dengan 3 jenis rawatan haba dalam keadaan vakum dan menjalani ujian pecah
tebat arus terus, keputusan untuk spesimen yang dirawat pada 90 darjah suhu
menunjukkan peningkatan, di mana penambahan 1 wt% silika nano dan 1 wt% silikon
nitride nano meningkat kepada 3.45% dan 28.88% apabila dibandingkan dengan
campuran polietilena tidak terisi. Ini bermakna penyelenggaraan rawatan haba dapat
meningkatkan ciri sifat penebat elektrik komposit nano. Kerja ini boleh dianggap
penting kerana kekuatan pecahan komposit nano akan dipengaruhi dengan jenis
pengisi nano yang digunakan serta proses rawatan haba yang didedahkan kepada

komposit nano.
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CHAPTER 1

INTRODUCTION

1.1  Background of Project

A composite mainly comprises a polymer that yields great mechanical and
electrical properties. In high voltage applications, conventional composites are ideal
to be used for constructing dielectric materials and high voltage insulation. However,
in long term applications, conventional composites are often prone to corrosion,
tracking, degradation due to heat radiation, and low resistance against surface pollution
and acidic open air enviroment. Therefore, research needs to be carried out to

overcome these problems.

A nanocomposite is a polymer based material which have been added with
nano-size particles. It is also known as a nanodielectric, which was first introduced by
Lewis in 1994 [1]. This material is regarded as a great breakthrough in the scholastic
community as it possesses superior mechanical and electrical properties in comparison
with conventional composite materials. Besides that, it has a higher breakdown
strength, higher permittivity potential depending on the types of nano-fillers used, and
better resistance against surface discharge effect. However, the performance of
nanodielectric under long term use subjected to multiple stresses such as heat
temperature, ultra violet radiation, electrical stress, mechanical stress, and moisture in

open environment, have not been thoroughly investigated.



In relation to this, numerous experiments have focused on investigating the
dielectric behaviours of this material system. Despite numerous positive experimental
results reported on the use of nanocomposites as electrical insulating materials, there
exists many fundamental challenges remain to be addressed. In this study, the effects
of various heat processes on nanocomposites containing different types of oxide-based

nano-fillers were investigated.

1.2 Problem Statement

It is known that the absorption of water on the nanocomposites can reduce its
breakdown strength. By applying treatments such as heat treatment, their breakdown
strength performance may be improved. However, the performance of nanocomposites
subjected to heat treatment were less investigated in existing works. Other than that,
there likely exists different breakdown strengths for nanocomposites when they are
exposed to different heat temperatures. Related to this, the effect of heat treatment on
the silicon-based nano-fillers on the nanocomposite needs to be thoroughly
investigated. This is because the outcome might differ since the breakdown strength
of nanocomposites is influenced by the treatment and types of nano-fillers used.

Besides that, there are also fundamental challenges yet to be addressed in this field.



1.3 Project Objectives

The objectives of this project are as follows:-

I.  To formulate unfilled polyethylene blend, nanosilica filled polyethylene blend
and nanosilicon nitride filled polyethylene blend.

ii.  To determine breakdown strength between unfilled polyethylene blend with
nanosilica filled polyethylene blend and nanosilicon nitride filled polyethylene
blend.

iii.  To examine the effect of heat treatment on breakdown strength of unfilled
polyethylene blend, nanosilica filled polyethylene blend and nanosilicon

nitride filled polyethylene blend.

1.4 Scope of Project

The study utilized nanosilica (SiO2) and nanosilicon nitride (SisN4) as an
instance of silicon based nano-filler and polyethylene blend (PE blend) as an instance
of polymer which consisted of 80% low density polyethylene (LDPE) with 20% high
density polyethylene (HDPE). The weightages of the silicon based nano-filler used
were 1 wt%. The heat treatment process on the nanocomposites samples was done in
vacuum oven at 80°C, 90°C and 100°C in a duration of 16 hours. The breakdown
strength test was conducted in DC system and the increment of the voltage was 2 kV

for every 20 seconds until the sample failed.



1.5 Gantt’s Chart for Project 1 and 2

The project 1 and project 2 schedule can be refer to the Table 1.1 and Table 1.2 below.

Table 1.1: Project schedule for project 1

Week
234567891011 ]12]13[ 1415

No Activity

Project title and supervisor
selection
List for project title and
supervisor released
Brainstorm on project title
Decide scope of project
Synopsis submission
Prepare literature review
Prepare project
methodology
Preparation of sample
Project proposal
submission
Seminar presentation
Project report submission
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Table 1.2: Project schedule for project 2

Week
81910

No Activity

Understand the experiment
and safety procedure
Conduct breakdown test
Interpreting and analyse data
Arrange and conclude the
results
Prepare for seminar
Seminar presentation
Thesis preparation

—

=S tad | b2

e = ey




1.6 Proposal Outline

This report contains five chapters. Chapter 1 is known as an introduction to the
research project which consists of 5 subtopics. The subtopic covers background of

project, problem statements, project objectives, scopes and Gantt’s charts.

As for chapter 2, it is called literature review. Literature review is the study
about the background of project based on past research studies concerning on the
fundamental and issues on nanocomposites. This chapter covers 10 subtopics. The
subtopics consist of introduction, electrical breakdown of insulation, properties of
polymer nanocomposites, polymer nanocomposites as insulation, processing method,
silica dioxide nanofiller, silicon nitride nanofiller, the complexity of polymer
nanocomposites material, heat treatment on polymer nanocomposites, and Weibull

analysis.

Chapter 3 is the research methodology which provides in details on how to
accomplish the objectives of this study. It consists of 6 subtopics which covers on
introduction, process flow for formulation of nanocomposites, material preparation,
equipment for fabrication process, equipment for heat treatment, and DC breakdown

test configuration and equipment

Next, chapter 4 is known as result and discussion which conveys the result
based on preparation method on chapter 3. This chapter consists of 4 subtopics of
introduction, the effect of heat treatment on the mass of the nanocomposites, DC
breakdown strength nanocomposites, and performance of nanocomposites in DC

breakdown strength.



Lastly, for chapter 5. Chapter 5 is the overall conclusion for the project 1 and
2. It is the wrap up of all works from chapter 1 to 4 based on past research studies to
attain this project objectives successfully. Also, it include future recommendation as
to improve the present research works.
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