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ABSTRACT

This study aimed to synthesize carbon nanostructured materials from waste engine oil
(WEO) as a carbon source and ferrocene as a catalyst. The method used in this study
was thermal chemical vapor deposition. Several parametric studies were conducted in
order to optimize the production of carbon materials from WEQ. The parameters were
synthesis temperatures, catalyst concentrations, precursor temperatures and volumes,
synthesis times and different types of WEO. The samples were characterized using
electron microscopy, energy dispersive X-ray, X-ray diffraction, micro-Raman
spectroscopy and thermogravimetric analysis. Electrical and field emission properties
of the selected samples were analyzed using four-point probe and field electron
emission (FEE) measurements. The findings showed that two different structures of
carbon materials namely carbon spheres (CS) and carbon nanotubes (CNTs) were
succesfully synthesized from WEOQ. High density CS were produced from 3 ml of
WEO mixed with 5.33 weight percent catalyst at precursor and synthesis temperatures
of 450 and 800 °C, respectively. Dense quasi-aligned CNTs were also obtained from 4
ml of precursor using 17.99 weight percent catalyst at precursor and synthesis
temperature of 500 and 750 °C, respectively. The composite of carbon materials with
zinc oxide (ZnO) nanostructures were also fabricated using sol-gel immersion method
in order to enhance their FEE performances. The growth of CNTs on ZnO
nanostructures gave the best FEE performances as compared to other structures. As a
conclusion, carbon materials synthesized from WEO as well as their composite
materials with ZnO nanostructures were good candidates to be used in electron
emission devices. Implication of the study is that it offers an environmentally friendly
and economically beneficial approach for the production of carbon nanostructured
materials.



SINTESIS BAHAN KARBON BERSTRUKTUR NANO DARIPADA MINYAK
ENJIN TERPAKAI MENGGUNAKAN KAEDAH PEMENDAPAN WAP
KIMIA TERMA

ABSTRAK

Kajian ini bertujuan mensintesis bahan karbon berstruktur nano daripada minyak enjin
terpakai (MET) sebagai sumber karbon dan ferosena sebagai pemangkin. Kaedah
yang digunakan dalam kajian ini adalah pemendapan wap kimia terma. Beberapa
kajian parametrik dijalankan untuk mengoptimumkan penghasilan bahan karbon
daripada MET. Parameter sintesis yang dikaji merangkumi suhu sintesis, kepekatan
mangkin, suhu dan isipadu prekursor, masa sintesis dan jenis MET yang berbeza.
Sampel dianalisis menggunakan mikroskop elektron, analisis tenaga sinar-X,
pembelauan sinar-X, spektroskopi mikro-Raman dan analisis termogravimetri. Sifat
elektrik dan pemancaran medan bagi sampel tertentu dianalisis menggunakan
peralatan prob empat titik dan pemancaran elektron medan (PEM). Dapatan kajian
menunjukkan bahawa dua struktur bahan karbon yang berbeza iaitu karbon sfera (KS)
dan nanotiub karbon (NTK) telah berjaya disintesis daripada MET. KS dengan
ketumpatan tinggi telah diperoleh daripada 3 ml MET dicampur dengan 5.33 peratus
berat pemangkin pada suhu prekursor dan sintesis masing-masing 450 dan 800 °C.
NTK kuasi-sejajar dengan ketumpatan tinggi juga diperoleh daripada 4 ml prekursor
menggunakan 17.99 peratus berat pemangkin serta suhu prekursor dan sintesis
masing-masing 500 dan 750 °C. Komposit bahan karbon dengan struktur nano zink
oksida (ZnO) juga difabrikasi menggunakan kaedah rendaman sol-gel untuk
meningkatkan kemampuan PEM bahan. Pertumbuhan NTK di atas struktur nano ZnO
memberikan sifat PEM yang terbaik berbanding struktur yang lain. Kesimpulannya,
bahan karbon yang disintesis daripada MET serta bahan komposit karbon dengan
struktur nano ZnO adalah sesuai digunakan dalam peranti pemancaran medan.
Implikasi kajian adalah ianya menawarkan pendekatan yang mesra alam dan
bermanfaat dari segi ekonomi untuk penghasilan bahan karbon berstruktur nano.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Nanostructured material is closely related to nanotechnology. The term of
nanotechnology is defined as the process including fabrications, characterizations and
applications of a system, material or devices in the size of nanoscale which is 1 to 100
nm (Ramsden, 2009). As the size of materials is smaller, the surface area increases
and resulted in the larger reaction area. At this dimension, quantum effects also
influence the material properties. Their characteristics will be different with the bulk
materials. Studies of nanostructured materials are becoming trend because in their
small size, they still have exceptional properties and can be applied in wide range

applications.



The discovery of fullerene (C60) in 1985 (Kroto, Heath, O'Brien, Curl, &
Smalley, 1985) and introduction of carbon nanotubes in 1991 (lijima, 1991) led
carbon-based material as one of widely studied nanomaterials in the research area.
This cannot be missed due to their great properties, easy accessible raw material and

have many applications which made them interesting to be continuously studied.

1.2  Research Background

Carbon is an abundant element in nature and can be formed into many kind of carbon
materials such as carbon nanotubes (CNTSs), carbon spheres (CS), carbon fibers (CF),
fullerene, carbon black nanoparticle, graphene, carbon dye and mesoporous carbon.
These materials have many future applications such as solar cell (Poudel & Qiao,
2014), field emitter (Asli et al., 2013), microcable (Shanov et al., 2013), transistor
(Donev, 2009), energy storage, filled composites and sensors (Ajayan & Zhou, 2001;
Wilgosz et al., 2012). They also have been applied in sports equipment, automotive
and textile (Nowack et al., 2013). Since the last two decades, these materials are being
intensively studied due to their remarkable properties and promising applications in
human life. Various synthesis methods to produce carbon materials are available such
as arc discharge, laser ablation and chemical vapor deposition (CVD). This method
involves the catalytic decomposition of carbon precursor on the transition metals such
as iron (Fe), cobalt (Co) or nickel (Ni) (Roy et al., 2014). CVD is known as a simple
method, able to control the growth direction of material and easy to scale up for mass
production (Rafique & Igbal, 2011). Due to these considerations, CVD method is used

in this study.



