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ABSTRACT 

Nanocomposites have gained wide interests as insulating materials due to 

their excellent ability to resist electrical discharges such as corona discharges, partial 

discharges, electrical treeing and water treeing. However, surface incompatibility 

between polymer and nanoparticles is one of the main issues that may reduce their 

performances towards discharge resistances.  Processing techniques of these 

nanoparticles such as coupling agent and intercalation methods showed excellent 

performance, but those techniques involved chemical processes.  Recently, plasma 

treatment was introduced as an improved technique to enhance the dispersion of 

nanocomposites in electrical applications.  However, electrical treeing studies on the 

electrical performance of plasma-treated nanocomposites are lacking.  This study 

presents an investigation on the electrical tree growth performance as well as the 

effect of nanoparticles concentration of silicone rubber (SiR) filled with silicon 

dioxide (SiO2) nanoparticles treated with Atmospheric Pressure Plasma (APP). The 

treatment of the SiO2 nanoparticles’ surfaces with APP is to enhance SiO2 

compatibility with SiR matrix. Besides, untreated and silane-treated nanocomposites 

were also studied for comparison purpose. Constant AC voltage was applied to these 

untreated, silane and plasma-treated nanocomposites with different nanoparticles 

concentration of 1, 3 and 5 wt% to investigate their electrical performances i.e. tree 

initiation time, tree propagation time, growth rate and tree breakdown time.  

Morphological analysis as well as chemical characterization of the nanoparticles 

were analyzed using Field Emission Scanning Electron Microscope (FESEM), 

Energy Dispersive X-ray spectroscopy (EDX) and X-ray Photoelectron 

Spectroscopy (XPS) while, the dispersion of the nanoparticles-polymer matrix were 

analyzed using FESEM.  Results show that plasma-treated SiO2 nanoparticles 

dispersed uniformly in the SiR polymer matrix.  The plasma-treated nanocomposites 

were able to resist electrical treeing better than untreated and silane-treated 

nanocomposites.   The increase in nanoparticles concentration in all three different 

treatments has enhanced the electrical tree performance of the nanocomposites. 

Overall, the result from this study reveals that the plasma-treated nanocomposites 

showed better efficacy in inhibiting electrical tree growth by as much as 64% as 

compared to silane-treated nanocomposites that showed an efficacy in electrical tree 

growth rate reduction by as much as 29%. This indicates that plasma treatment could 

be an alternative technique to improve surface incompatibility of nanocomposites, 

and hence, resisting electrical treeing growth. 
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ABSTRAK 

Komposit-nano telah mendapat banyak perhatian sebagai bahan penebat 

kerana kemampuannya menghalang nyahcas elektrik seperti nyahcas korona, 

nyahcas separa, pepohon elektrik dan pepohon air.  Walau bagaimanapun, 

ketidakserasian permukaan antara polimer dan partikel-nano telah dikenal pasti 

sebagai salah satu masalah utama yang boleh mengurangkan keupayaan komposit-

nano ke arah menghalang nyahcas ini.  Teknik pemprosesan partikel-nano itu 

sebagai ejen gandingan dan kaedah interkalasi telah digunakan secara meluas dan 

menunjukkan prestasi yang sangat baik, tetapi ianya melibatkan proses kimia.  Baru-

baru ini, rawatan plasma diperkenalkan sebagai teknik yang lebih baik untuk 

meningkatkan penyebaran komposit-nano dalam aplikasi elektrik.  Tetapi, kajian 

mengenai prestasi rawatan plasma komposit-nano dalam pepohon elektrik masih 

kurang.  Kajian ini membentangkan suatu penyiasatan ke atas prestasi pertumbuhan 

pepohon elektrik serta kesan kepekatan partikel-nano terhadap getah silikon (SiR) 

dipenuhi dengan partikel-nano dirawat dengan plasma tekanan atmosfera (APP).  

Rawatan permukaan silikon dioksida (SiO2) partikel-nano menggunakan APP adalah 

untuk meningkatkan keserasian dengan matriks SiR.  Selain itu, SiO2 yang tidak 

dirawat dan rawatan silana juga dikaji untuk tujuan perbandingan.  Komposit-nano 

dengan partikel-nano tidak dirawat, rawatan silana dan rawatan plasma dengan 

kepekatan partikel-nano 1, 3 dan 5 wt% telah digunakan untuk voltan AU yang 

berterusan untuk mengenal pasti prestasi elektrik mereka iaitu masa permulaan, masa 

pembiakan, kadar pertumbuhan dan masa kerosakan.  Analisis morfologi serta 

pencirian kimia partikel-nano dianalisis menggunakan Mikroskop Imbasan Elektron 

Pancaran Medan (FESEM), Spektroskopi Sinar-X Sebaran Tenaga (EDX) dan 

Spektroskopi Fotoelektron Sinar-X (XPS) manakala penyebaran pengisi di dalam 

matriks polimer dianalisis menggunakan FESEM.  Hasil menunjukkan bahawa SiO2 

partikel-nano rawatan plasma boleh bersurai seragam dalam polimer matriks SiR.  

Komposit-nano rawatan plasma dapat menahan pepohon elektrik lebih baik daripada 

komposit-nano tidak dirawat dan rawatan silana.  Peningkatan kepekatan partikel-

nano dalam ketiga-tiga rawatan yang berbeza telah meningkatkan persembahan 

pepohon elektrik daripada komposit-nano.  Secara keseluruhan, hasil daripada kajian 

ini mendedahkan bahawa komposit-nano rawatan plasma menunjukkan keputusan 

cemerlang bagi menghalang pertumbuhan pepohon elektrik 64% berbanding rawatan 

silana yang menunjukkan pengurangan sebanyak 29%.  Ini menunjukkan bahawa 

rawatan plasma boleh menjadi satu teknik alternatif untuk meningkatkan 

ketidakserasian permukaan komposit-nano, dan dengan itu menentang pertumbuhan 

pepohon elektrik. 
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CHAPTER 1  

INTRODUCTION 

1.1 Background 

Power cables are fabricated based on polymeric insulating material, namely 

cross-linked polyethylene.  Polymeric insulation is being used throughout the world 

to replace paper insulated cable due to its excellent properties.  Power cables consist 

of three main components, conductors, insulating materials and protective jackets.  

Insulating materials are the crucial components because they function as an outer 

layer protecting the cable from electrical and mechanical damages.  However, if the 

insulator has served for a long time, it could be aged.  Ageing is generally caused by 

environmental effects and electrical stress, which degrade the insulation performance 

and eventually lead to the insulation failure.  One of the factors of failure in 

electrical insulation is electrical treeing.   

 

Generally, electrical tree originates from the imperfection in the insulation 

such as impurities, voids, defects, or conducting projections that causing excessive 

electric field stress within a small vicinity of the insulation [1].  The growth of 

electrical tree results in the creation of a conductive path between the high voltage 

and grounded parts of the cable thus resulting in the breakdown.  Insulation 

breakdown may result in the interruption of power, which can be costly, especially to 

the industry as well as the power utility company through cost of repairs.   

 

Researchers have introduced many methods to improve the insulation 

performance, such as adding filler and modifying the insulation [2-4].  In addition, 
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nanoparticles (nanofiller) have a high demand compare to microfiller due to its 

excellent electrical and mechanical properties as it improves the electrical treeing 

resistance [5, 6] when mixed with polymer base.  Several techniques were 

introduced to enhance the performance of the insulation such as chemically 

modified.  The silane coupling agent was used to modify the surface of the oxides 

filler [7, 8] while intercalation method was used to modify the surface of clay filler 

[9].  Recently, the plasma treatment was used for surface modification of the 

nanoparticles in the electrical application.   

1.2 Problem Statement  

Polymeric insulated cables are widely used in transmission and distribution 

system to replace paper-insulated cable due to its excellent performances.  However, 

they are vulnerable to degradation process, namely electrical treeing.  The electrical 

treeing is a pre-breakdown phenomenon in electrical insulation.  Numerous methods 

have been proposed to increase the tree resistance of the insulating materials such as 

adding tree inhibitors, reinforcement and modifying the insulating material.  In 

addition, results from the literature reported nanoparticles were superior in inhibition 

of electrical treeing in the polymeric insulating material compared to the micro-sized 

fillers. 

 

However, the problem related with these nanoparticles is that they tend to 

agglomerate because of surface incompatibility between the fillers and the polymer 

matrices.  As a result, the insulation performance of these nanocomposites is often 

significantly degraded.  Several processing techniques such as intercalation and 

coupling agent have been introduced, but such techniques use chemical substances 

(which are toxic) and the process is complicated and costly.  Recently, atmospheric 

pressure plasma treatment was introduced to treat nanoparticles that able to enhance 

the compatibility and maintaining excellent dispersion uniformity.  Plasma is 

environmentally friendly and easy to generate.  Though this technique has shown 

good results, however, glow discharges were used which are difficult to generate and 

thus not suitable for mass production.   In addition, a comprehensive study on the 
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electrical performance of the plasma-treated composites to electrical treeing is 

lacking. 

1.3 Objectives of Study 

1. To assess the performance of surface modification of the nanoparticles 

treated with atmospheric pressure plasma  

2. To investigate the electrical tree growth performance of polymer-based 

nanocomposites filled with untreated, silane-treated and plasma-treated of 

nanoparticles with different filler concentrations 

3. To conduct instrumental analysis of with untreated, silane-treated and 

plasma-treated of the nanoparticles as well as the nanocomposites 

1.4 Scope of Study 

This research was conducted with the following scope: 

 

1. Silicon dioxide nanoparticles is treated with filamentary atmospheric 

pressure plasma and also chemically modified using silane coupling agent 

2. Silicone rubber is used as base material and silicon dioxide as 

nanoparticles with 1, 3 and 5 wt% concentration using direct mixing, 

silane coupling and plasma treatment  

3. The instrumental analysis of the nanoparticles is conducted using 

FESEM, EDX and XPS while the morphological analysis of 

nanocomposites is conducted using FESEM 
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1.5  Significance/Contribution of Study 

The contribution of this research is as follows: 

1. The performance of filamentary discharge of atmospheric pressure 

plasma for surface modification of the nanoparticles 

2. Comprehensive study on the electrical treeing performance of silicone 

rubber mixed with plasma-treated nanoparticles 

3. Improvement of electrical treeing resistance in the nanocomposites using 

an environmentally friendly technique (does not use any chemicals). 

1.6 Thesis Organization   

The thesis is organized as follows: 

 

Chapter 2 presents a review of the electrical treeing phenomena in polymeric 

insulation.  The reviews of various types of polymer nanocomposites used to study 

the electrical treeing are presented.  In addition, the traditional processing techniques 

of the nanoparticles are described in details.  Atmospheric pressure plasma to treat 

the surface of nanoparticles, which includes its fundamental theory, applications in 

high voltage and previous application of this surface modification technique are 

reviewed. 

 

Chapter 3 describes the research methodology employed in this study.  Also, 

it includes schematic diagrams and necessary pictures that explain the findings.  The 

experimental set-up includes a detailed description of the electrical tree studies.  The 

data collection procedure used for electrical tree analysis and morphological analysis 

were explained in more details. 

 

Chapter 4 describes the use of atmospheric pressure plasma treatment on the 

nanoparticles.  In addition, the morphological analysis of the treated nanoparticles is 

presented.  Also, this chapter describes the electrical tree in plasma-treated silicone 

rubber nanocomposites.  Results of the electrical treeing performance of the silicone 
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rubber based nanocomposites vis-à-vis different filler concentrations of the plasma-

treated nanoparticles are presented and analyzed.  The morphology of the 

nanocomposites is discussed in details. 

 

Chapter 5 concludes the findings of the study and presents some 

recommendations.  This chapter also offers suggestions for future study in the area. 
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