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ABSTRACT 

 

 

 

 

In developing future electrical networks, one of the important aspects to 

transfer efficient high power over a long distance is the use of proper insulating 

materials. The addition of nanofillers into polymers has provided significant 

improvements on the electrical properties including breakdown characteristics. This 

project seeks to determine the effect of water on the breakdown strength of Low 

Density Polyethylene (LDPE) when added with varying amounts of silicon nitride as 

nanofiller. This can be achieved by first preparing the samples using two roll mill 

machine prior to heat compressing using hot pressed machine. The samples were then 

immersed in distilled water for a certain time interval to determine the effect of water 

absorption. Moreover, in order to determine the effect of water absorption on 

breakdown characteristics, DC breakdown test was conducted before and after samples 

undergo absorption of water process following the standard of ASTM D149. The 

addition of nanofiller had shown to significantly alter the water absorption behavior of 

the composite material, thus affecting the breakdown characteristics of the 

nanocomposite. 
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ABSTRAK 

 

 

 

 

Dalam membangunkan rangkaian elektrik akan datang, salah satu aspek yang 

penting untuk memindahkan kuasa tinggi yang cekap melalui jarak yang panjang 

adalah penggunaan bahan penebat yang bersesuaian. Penambahan zarah nano ke 

dalam polimer telah menyediakan peningkatan yang ketara pada sifat-sifat elektrik 

ciri-ciri pecah tebat. Projek ini bertujuan untuk menentukan kesan air pada kekuatan 

pecah tebat Polyethylene berketumpatan rendah (LDPE) apabila ditambah dengan 

jumlah nitrida silikon yang berbeza sebagai nanofiller. Ini boleh dicapai dengan 

menyediakan sampel dengan mesin pengilangan dua roll sebelum memanaskan dan 

memampatkan dengan menggunakan mesin. Sampel kemudiannya direndam dalam air 

suling untuk selang masa tertentu untuk menentukan kesan penyerapan air. Lebih-

lebih lagi, untuk menentukan kesan penyerapan air ciri-ciri kerosakan, ujian voltan 

terus pecah tebat dijalankan mengikut standard ASTM D149 sebelum dan selepas 

sampel menjalani proses penyerapan air. Penambahan nanofiller telah menunjukkan 

perubahan tingkah laku penyerapan air bahan komposit, sekali gus menjejaskan ciri-

ciri pecahan komposit nano. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Project Background 

 

 

In developing future electrical networks, high performance cable systems are 

needed to transfer a large amount of power over a long distance. One of the important 

factors that needs to be taken into account in delivering electricity via high voltage 

transmission is the use of proper insulating materials. In order to produce a material 

with enhanced dielectric properties, it is important to explore the capabilities of the 

material for use in high voltage insulation. In this regards, polymers offer advantages 

in dielectric properties, volume resistivity, thermal properties, mechanical strength 

and lighter weight. Other than that, polymeric insulators commonly have good water 

repellent properties (hydrophobicity)[1-4].  

 

 

A lot of recent research indicates that dielectric properties of polymeric 

insulating materials can be improved by the dispersion of nanosized particles in 

polymer matrices. The addition of nanofillers into polymers, also widely known as 

polymer nanocomposites, is predicted to be capable of enhancing the dielectric 

performance while addressing thermal, mechanical and economic requirement [5, 6]. 

The capabilities of nanocomposites in providing enhanced dielectric performances are 
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believed to be related to the much smaller size of the filler, which subsequently leads 

to the presence of a large interfacial area as an interaction zone between the filler and 

the matrix.  

 

 

However, the effect of water absorption in nanocomposites has been 

considered recently and unfortunately, it was found that nanocomposites can absorb 

significantly more water than the equivalent unfilled polymer when exposed to humid 

environmental conditions. The presence of water negatively affects the overall 

electrical properties [7-9]. To date, the effect of water on nanocomposites is still far 

from being understood. Significantly, a nitride-based nanofiller system could provide 

potential advantages over an oxide based nanofiller system through a reduction of 

surface hydroxyl groups, thus resulting in a composite with dielectric properties that 

are potentially much less influenced by absorbed water [7].  

 

 

This project seeks to understand the effect of water on polyethylene 

nanocomposites containing silicon nitride nanofiller. Samples containing different 

weight percentage (wt%) of silicon nitride nanofiller dispersed in polyethylene will be 

fabricated. Breakdown strength test of the polyethylene nanocomposite samples will 

be investigated before and after the samples are immersed in water. 

 

 

 

 

1.2 Problem Statement 

 

 

The addition of nanofillers into polymers was found to negatively affect the 

dielectric properties of the resulting nanocomposites, especially when the materials 

were exposed to humid environment. This is because the addition of nanofillers could 

significantly alter the water absorption behavior of nanocomposites, thus affecting the 

breakdown characteristics of nanocomposites. Although a lot of research on 
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nanocomposites has been conducted on the effects of oxide-based nanofillers, the 

effects of nitride-based nanofillers have been less explored.  

 

 

 

  

1.3 Objectives: 

 

 

This project seeks to clarify and determine the effect of water on the 

breakdown strength of LDPE (low density polyethylene) when added with varying 

amounts of silicon nitride nanofiller. The main objectives of this project is: 

 

1. to formulate and characterize samples of polyethylene added with different 

amounts of silicon nitride nanofiller. 

2. to determine the effect of silicon nitride nanofiller on the breakdown strength 

of the resulting nanocomposite material. 

3. to study the effect of water absorption on the breakdown strength of 

nanocomposites containing silicon nitride nanofiller. 

 

 

 

 

1.4 Scopes of Project 

 

 

The scope of this project are as follows: 

 

1. LDPE and silicon nitride were used as the base polymer and nanofiller 

respectively 

2. Different weight percentages (wt%) of nanofiller, i.e., 0 wt%, 1 wt%, 

3 wt% and 5 wt%, were used in this project 

3. Different levels of water absorption , ie 0 days, 10 days and 30 days 

were considered 
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4. DC breakdown test was conducted to test breakdown strength 

according to ASTM D419  
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