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Recently, studies based on tapered optical fiber have received much attention as
compared to conventional fiber. Tapered optical fiber was found to be more sensitive
as compared to the conventional fiber due to the manner of light propagation in the
tapered optical fiber core. Combining the tapered fiber with a nanomaterial based
sensing layer can produce novel and highly sensitive optical sensor. Graphene and
graphene oxide (GO) has emerged as a leading materials in wide variety of
applications including chemical sensing due to its exceptional thermal, optical and
mechanical properties. Their nanostructures have a huge surface area that enhances
the sensor-analyte interaction and thus, improves the sensing performance. However,
their potentials as a sensing layer in the optical fiber sensor, system especially using
tapered fiber towards volatile organic compounds such as liquid ethanol are yet to be
fully explored. Ethanol is used in various industries such as pharmaceutical, food
industries and medical. It is also increasingly used as a biofuel to replace the
conventional fossil based fuels. In this thesis, ethanol sensors using tapered
multimode optical fiber coated with graphene and GO were successfully developed.
Tapered optical fibers were fabricated using Vytran glass processing workstation to
achieve tapers with different waist diameters. The multimode tapered optical fibers
were coated with graphene and graphene oxide as the sensing layer using the drop
casting technique. Graphene was produced using sodium dodecyl benzene sulfonate
(SDBS) while GO was produced using the simplified Hummers method. Graphene
and GO thin films were characterized using scanning electron microscopy (SEM),
Raman and ultraviolet-visible (UV-Vis) spectroscopies. The working principle of the
optical sensor is based on the absorbance changes upon exposure to various ethanol
concentrations in water.

Sensing results indicate that the absorbance response changes linearly when the
sensor was exposed to ethanol concentrations in the range of 5% to 40% in water.
While both tapered optical fiber with and without the sensing layer reacted towards



ethanol, the ones coated with graphene and GO showed higher sensitivity and
displays high repeatability and reversibility. As compared to the fiber coated with
graphene, the ones coated with GO exhibited fast sensing performance by having
both response and recovery times of less than 40 s. The GO coated sensor also
exhibited higher sensitivity, as much as 0.814/vol% ethanol concentrations, than
graphene coated sensor, 0.669/vol% ethanol concentrations. The developed sensors
could be a suitable candidate for the practical applications of environmental
monitoring and safety requirements in industries.
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Sekarang ini kajian berdasarkan gentian optik tirus lebih mendapat perhatian
berbanding gentian optik konvensional. Gentian optik tirus telah didapati lebih
sensitif berbanding dengan gentian konvensional kerana cara pergerakan cahaya di
dalam terasnya. Penggabungan gentian tirus dengan lapisan deria berasaskan bahan
nano boleh menghasilkan pederia optik baru yang sangat sensitif. Graphene dan
graphene oksida (GO) telah muncul sebagai bahan utama dalam pelbagai aplikasi
termasuk penderiaan kimia kerana sifat-sifat haba, optik dan mekanikalnya yang luar
biasa. Struktur nano graphene mempunyai kawasan permukaan besar yang
meningkatkan interaksi  penderia-sasaran  sekaligus meningkatkan prestasi
penderiaan. Walau bagaimanapun, potensi mereka sebagai lapisan deria dalam sistem
penderia gentian optik khususnya gentian tirus terhadap sebatian organik meruap
seperti cecair etanol masih belum diterokai sepenuhnya. Etanol digunakan dalam
pelbagai industri seperti farmaseutikal, industri makanan dan perubatan. la juga
semakin digunakan sebagai bahan api bio untuk menggantikan bahan api fosil
konvensional. Dalam tesis ini, penderia etanol menggunakan gentian optik tirus
bersalut graphene dan GO telah berjaya dibangunkan.

Gentian optik tirus ini diperbuat dengan stesen kerja pemproses kaca Vytran untuk
mencapai gentian dengan diameter pinggang yang berbeza. Gentian optik tirus
pelbagai mod telah disalut dengan graphene dan GO sebagai lapisan penderiaan
menggunakan teknik titisan. Graphene dihasilkan menggunakan natrium dodecyl
benzena sulfonate (SDBS) manakala GO telah dihasilkan menggunakan kaedah
Hummers teringkas. Filem nipis Graphene dan GO dianalisa dengan menggunakan
mikroskop imbasan elektron (SEM), Raman dan spektroskopi ultralembayung-
bolehnampak (UV-Vis). Prinsip kerja penderia optik adalah berdasarkan perubahan
kuantiti apabila terdedah kepada pelbagai kepekatan etanol dalam air.



Keputusan penderiaan menunjukkan bahawa kuantiti tindak balas berubah secara
linear apabila penderia didedahkan kepada kepekatan etanol dalam julat 5% kepada
40% dalam air. Walaupun kedua-dua gentian optik tirus dengan lapisan deria dan
tanpa lapisan deria bertindak balas terhadap etanol, gentian yang bersalut dengan
graphene dan GO menunjukkan kepekaan yang lebih tinggi serta memaparkan
kebolehulangan dan kebolehbalikan yang tinggi. Berbanding dengan gentian yang
disalut dengan graphene, peranti yang disalut dengan GO pula menunjukkan prestasi
penderiaan yang lebih baik dengan kestabilan yang tinggi apabila menunjukkan
kedua-dua masa tindak balas dan masa pemulihan kurang daripada 40 s. Penderia
optik bersalut GO juga mempamerkan kepekaan yang lebih tinggi dengan bacaan
kepekaan ke atas kepekatan etanol sebanyak 0.814/vol% berbanding penderia
bersalut graphene dengan bacaan kepekaan ke atas kepekatan etanol 0.669/vol%.
Penderia optik termaju ini berpotensi digunakan untuk aplikasi praktikal bagi tujuan
pemantauan dan keselamatan alam sekitar dan industri.
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CHAPTER ONE

INTRODUCTION

1.1 Introduction

This chapter outlines the motivation and rationale of the research. It also includes
objectives of the project. The organization of the thesis is also presented in this
chapter.

1.2 Motivation and Problem Statement

In recent years, there has been an increasing interest in research on chemical sensing
as wider use of chemicals are deployed in the industries. A chemical sensor is a
device that can be used to monitor the concentrations or activity of some chemical
specimen within a sample of interest [1]. Chemical sensor measurement plays a
significant role in controlling the inputs of many production processes. Chemicals
are used in various industries as raw materials for production; they can also be
harmful to the environment [2]. One of the important chemicals for industrial
applications is ethanol. Therefore, accurate measurement of ethanol concentrations in
a given sample is of great demand.

Ethanol is mainly produced by fermentation of carbohydrate or by hydration of
ethylene. It is a colorless, volatile and flammable liquid. Mixture of ethanol and
water with up to 40% ethanol by volume will ignite if heated up to about 26° C [3].
Ethanol is widely used in many fields such as in medicine, pharmaceuticals, food
industries, wine quality monitoring and in organic chemistry. Ethanol is one of the
well known biofuels; it is a good alternative to petroleum as energy source.
Petroleum products and its derivatives are one of the indispensible energy sources in
the world. However, due to the increasing used and demand of petroleum and its
derivatives, supply of crude oil has decreased dramatically in recent years [4]. This
leads to increase in prices of petroleum products. Meanwhile, pollution from
petroleum and its derivatives is increasingly affecting global ecosystem. Because of
these drawbacks, more countries are interested in providing an alternative renewable
energy source based on ethanol bio-fuels that is eco-friendly [5]. The use of ethanol
can reduce the over dependence on petroleum and this will diminish the harmful
gases resulting from petroleum which are believed to contribute to green house effect
[6]. The use of ethanol as bio-fuel requires that it must be at least 93% pure [7].
Ethanol vapor can be toxic at certain level of concentrations. It can caused irritation
of skin, inflammation of nasal mucous membrane and conjunctiva [8]. For this
reason, it is of extreme important to develop ethanol sensor for environmental and
industrial safety applications.

Several types of traditional chemical sensing techniques have been studied and
employed in the industries. These techniques include gas/liquid chromatography, ion
mobility and mass spectrometry [9]. Even though, these techniques provide accurate
chemical detection, their setups are complex, expensive and not suitable for in-situ
monitoring [9]. Furthermore, most chemical sensors were developed using electrical



based transducers. Electrical sensors are well established and highly sensitive, but it
has limitations on its deployment in the environment especially the one with high
risk of explosion. Also it cannot be used in the environment that is prone to
electromagnetic interference. Therefore, the development of simple, fast and safe
sensors for monitoring ethanol concentrations in rugged environment is required.

From the previous view points, optical fiber sensor becomes a promising candidate
due to its unique advantages such as immunity to electromagnetic interference, high
sensitivity, light weight and compact size [10]. Optical fiber sensors are also robust
and more resistant to harsh environments and have the capability of fast, in-situ and
remote sensing application [11]. In recent years, optical fiber sensors based on
tapered optical fiber has received more attention in the field of optical sensing than
the conventional optical fiber sensors. This is because optical fiber sensors based on
tapered optical fiber is more sensitive to the surrounding environment [12]. It is
believed that highly sensitive and fast response sensors will be realized by employing
tapered optical fiber sensor in a volatile environment for aqueous ethanol sensing. As
a result, reducing the risk associated with leakage of ethanol.

1.3 Nanotechnology Enabled Sensors

Nanotechnology is a term that is used to describe the science, engineering and
technology performed at dimension range of nanometer level. At nanoscale level,
properties of materials such as physical, chemical, electrical and biological are
expected to change significantly [13]. A current trend in recent years for enhancing
the performance of chemical sensors is by deploying nanomaterials on sensor
transducers. Nanomaterials are defined as materials with dimensions of about
100 nm and below. It is reported that sensors based on nanostructured thin film has
higher surface to volume ratio. As a result higher sensitivity and lower operating
temperature are expected from sensors based on nanostructured thin film. In addition,
nanomaterials minimized interaction time between the analyte and the sensing layer
[14]. Consequently, sensors with nanostructured thin film show fast response and
recovery. This is a prerequisite in preventing potential chemical disaster.

In spite of that, most chemical sensors were based on bulk materials. For this project,
the author believed that with the rapid development of nanotechnology, it is
envisaged that integrating nanomaterials onto tapered optical fiber will yield optical
fiber sensors with small size, fast response and high sensitivity towards ethanol.

1.4  Objectives

The aim of this research project is to develop optical fiber sensor via integration of
nanomaterials onto tapered optical fiber for ethanol sensing. The specific objectives
are as follows;

1. To fabricate tapered optical fiber structure for absorbance based sensor.

2. To deposit nanomaterials on the tapered optical fiber for ethanol sensing
application.



3. To test and verify the sensing performance of the developed optical fiber
sensor towards aqueous ethanol.

In order to achieve this objective, the following research questions were outlined.

1. How to taper optical fiber for sensing application?

2. What are the types of nanomaterials suitable for ethanol sensing?

3. How to integrate nanomaterials onto tapered optical fiber for optical sensing
application?

4. How different are optical sensing performances of the tapered optical fiber
sensor with and without nanomaterials?

1.5  Scope of the study

This research project will cover the fabrication of optical fiber with various taper
dimensions for ethanol sensing applications. Active layer consists of graphene or GO
nanostructures will be integrated onto the optical transducer and exposed towards
liquid ethanol in the concentration range of 5 — 40% in water. Drop-casting technique
will be deployed to deposit the nanomaterials onto tapered fiber and glass substrates.
The micro-characterizations techniques such as Raman spectroscopy, UV-Vis
spectroscopy and scanning electron microscopy (SEM) will be deployed to analyze
the material properties. The sensing performances under consideration for the
developed optical sensor are sensitivity, response and recovery times as well as
sensor’s stability. Figure 1.1 shows the detailed scope of the study.
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1.6 Thesis Organization
This thesis is divided into five chapters.

Chapter one is the introduction chapter that describes the motivation, problem
statement, objectives, as well as the scope of the work.

Chapter two is the literature reviews that describe the rationale behind the project.
This chapter presents reviews on optical fiber, optical fiber sensors and their sensing
techniques. The chapter also includes review on ethanol sensors as well as
nanomaterials used in this project.

Chapter three is the methodology that covers the procedures and methods used in
implementing this project.

Chapter four is the results and discussion that mentions about the outcomes of the
research work and its findings.

Chapter five presents the concluding part of the research work and also
recommendations for future works.
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