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Chairman : Mohamed Thariq Bin Hameed Sultan, PhD, Ir
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In this research, long sugar palm fibre was hybridised with long glass fibre
produced by the hand lay-up method to improve the performance of the sugar
palm composites. This study investigates the effect of glass fibre addition to the
sugar palm-based composites and benzoylation effect to improve the
mechanical properties of the composites. The study was divided into two stages,
where the first stage results shows that the benzoylation treatment of the sugar
palm fibre and the glass addition to the sugar palm composites has been
demonstrated to significantly improve the physical, tensile, flexural and
compressive properties of the sugar palm/glass fibre composites. The results
obtained with regard to the physical and mechanical properties revealed that the
EP/30TSPF/70GF composites exhibited the best physical and mechanical
properties by increasing the tensile strength by 55.7%, flexural strength by
46.8% and compressive strength by 36.7% when comparing with EP/UTSPF
composites. Similar results were acquired from the thermal testing using TGA,
DSC and DMA. It was found that EP/TSPF/GF had better thermal properties
compared to other composites. The second stage of the study investigated the
impact properties and post-impact properties of the hybrid composites. The low
velocity impact testing was applied to EP/30TSPF/70GF as it is the best
formulation of the sugar palm/glass fibre composites, as concluded from the
characterization results. After the impact test, ultrasonic scanning method (C-
scan) was used to investigate the failure of the EP/30TSPF/70GF composite
together with compression after impact testing (CAl). From the experimental
studies, it could be concluded that the impact damage showed excellent
correlation with the impact response. The damage area obtained from the
ultrasonic C-scan images and CAIl testing shows that the damage area
increasing as the impact energy increasing and the compressive strength of the
EP/30TSPF/70GF composite decreased as the impact energy increasing.
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Dalam kajian ini, gentian enau yang panjang telah dihibridisasikan dengan
gentian kaca yang panjang menggunakan kaedah ‘belangai tangan’ bagi
menambabh baikkan sifat-sifat komposit gentian enau. Dalam kajian ini sifat-sifat
mekanik komposit dilihat selepas penambahan gentian kaca dan selepas
gentian enau dirawat menggunakan rawatan ‘benzoylation’. Kajian ini
dibahagikan kepada dua peringkat. Peringkat yang pertama menunjukkan
bahawa rawatan ‘benzoylation’ terhadap gentian enau dan penambahan
gentian kaca pada komposit gentian enau meningkatkan sifat fizikal, tegangan,
lenturan dan mampatan komposit. Keputusan ujian terhadap sifat fizikal dan
mekanikal menunjukkan bahawa komposit EP/30TSPF/70GF mempunyai sifat
fizikal dan mekanikal yang terbaik dengan peningkatan kekuatan tegangan
sebanyak 55.7%, kekuatan lenturan sebanyak 46.8% dan kekuatan mampatan
sebanyak 36.7% berbanding dengan EP/UTSPF. Keputusan ujian yang sama
diperoleh daripada ujian haba yang dilakukan menggunakan TGA, DSC dan
DMA. Keputusan ujian menunjukkan bahawa EP/TSPF/GF mempunyai sifat
haba yang lebih baik berbanding dengan formula komposit gentian enau
/gentian kaca yang lain. Tahap kedua kajian menyiasat sifat impak dan kesan
impak ke atas komposit gentian enau /gentian kaca. Berdasarkan keputusan
ujian peringkat pertama, komposit EP/30TSPF/70GF dipilih untuk ujian kesan
halaju rendah. Kaedah pengimbasan ultrasonik dan ujian ‘compression after
impact” (CAl) digunakan untuk menyiasat kegagalan komposit
EP/30TSPF/70GF dan kekuatan mampatan EP/30TSPF/70GF komposit
selepas ujian impak. Kawasan kerosakan yang diperoleh daripada imej C-scan
ultrasonik dan ujian CAl menunjukkan bahawa apabila tenaga impak meningkat,
kawasan kerosakan semakin membesar dan kekuatan mampatan komposit
EP/30TSPF/70GF menurun.



ACKNOWLEDGEMENTS

First and foremost, | would like to thank Allah, the Almighty for giving me the
strength, knowledge, ability and opportunity to undertake this research study and
to persevere and complete it satisfactorily. Without His blessings, this
achievement would not have been possible. | would like to express my deep and
sincere gratitude to my research supervisor, Assoc. Prof. Ir. Ts. Dr. Mohamed
Thariq Bin Hameed Sultan for giving me the opportunity to pursue research and
for providing invaluable guidance throughout this study. His dynamism, vision,
sincerity and motivation have deeply inspired me. He has taught me the
methodology to carry out the research and to present the findings as clearly as
possible. It was a great privilege and honor to work and study under his
guidance. Without his able guidance, this thesis would not have been possible,
and | shall eternally be grateful to him for his assistance. | would also like to
express my sincere gratitude to my supervisory committee, Dr. Mohammad
Jawaid and Assoc. Prof. Ir. Ts. Dr. Abdul Rahim Bin Abu Talib for their insightful
comments and encouragement throughout the journey. To my soul, my mama
and ayah, Hajjah Saidiah and Haji Safri, thank you for your unfailing support and
continuous encouragement throughout my years of study and through the
process of researching and writing this thesis. | am extremely grateful to my
parents for their love, prayers, caring and sacrifices for educating and preparing
me for my future. This accomplishment would not have been possible without
their continuous prayers and confidence in me. To the love of my life, my
husband, Mohd Zulhelmie, thank you for your love, understanding, prayers and
continuing support throughout my research work. Thank you for putting up with
me in difficult moments where | felt stumped and for always being there for me.
You were always around at times | thought that it was impossible to continue,
and you helped me to keep things in perspective. To my siblings, Angah, Achik,
Abang, Syakir and Syafig, thank you all for the tremendous contribution you have
made in helping me finish my research and reach this stage in my life. Thank
you for making this research journey enjoyable, despite the hard times. If it
wasn'’t for their support, cooperation and encouragement, this endeavor would
not have been possible. To my daughter, Zara Nur Safiya, words cannot express
how grateful | am to you. All of this would not have been possible without her
unwavering and unselfish love and support. A big thank you to my fellow
colleagues, especially Dr. Ain Umaira, Madiha, Shazlin, Ariff, Izwan, Hasfa and
all the members of the Aerospace Manufacturing Research Centre (AMRC), for
the stimulating discussions ensuring that the fire keeps burning and for being
there at times when | needed motivation — your support and encouragement, as
well as your insightful ideas and assistance in collation of the data for my
research work propelled me in the course of preparing this thesis. Lastly, without
the financial support from the Ministry of Higher Education, Malaysia, through
the MyBrain scholarship, this work would never have been possible.



| certify that a Thesis Examination Committee has met on 26 November 2018 to
conduct the final examination of Syafigah Nur Azrie Bt Safri on her thesis entitled
“Mechanical, Thermal and Impact Damage Characterization of Hybridised Long
Sugar Palm/Glass Fibre-Reinforced Polymer Composites” in accordance with
the Universities and University Colleges Act 1971 and the Constitution of the
Universiti Putra Malaysia [P.U.(A) 106] 15 March 1998. The Committee
recommends that the student be awarded the Doctor of Philosophy.

Members of the Thesis Examination Committee were as follows:

Faizal Bin Mustapha, PhD
Professor

Faculty of Engineering
Universiti Putra Malaysia
(Chairman)

Kamarul Ariffin Bin Ahmad, PhD
Associate Professor

Faculty of Engineering

Universiti Putra Malaysia

(Internal Examiner)

Mohamad Ridzwan Bin Ishak, PhD
Associate Professor

Faculty of Engineering

Universiti Putra Malaysia

(Internal Examiner)

K. Balasubramaniam, PhD

Professor

Department of Mechanical Engineering
Bharath University

India

(External Examiner)

RUSLI HAJI ABDULLAH, PhD
Professor and Deputy Dean
School of Graduate Studies
Universiti Putra Malaysia

Date: 31 January 2019



This thesis was submitted to the Senate of Universiti Putra Malaysia and has
been accepted as fulfilment of the requirement for the degree of Doctor of
Philosophy. The members of the Supervisory Committee were as follows:

Mohamed Thariq Bin Hameed Sultan, PhD
Associate Professor, Ir, Ts

Faculty of Engineering

Universiti Putra Malaysia

(Chairman)

Abd Rahim Bin Abu Talib, PhD
Associate Professor, Ir, Ts
Faculty of Engineering

Universiti Putra Malaysia
(Member)

Mohammad Jawaid, PhD

Research Fellow

Institute of Tropical Forestry and Forest Products
Universiti Putra Malaysia

(Member)

ROBIAH BINTI YUNUS, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:



Declaration by graduate student

I hereby confirm that:

Signature: Date:

this thesis is my original work;

quotations, illustrations and citations have been duly referenced;

this thesis has not been submitted previously or concurrently for any other
degree at any other institutions;

intellectual property from the thesis and copyright of thesis are fully-owned
by Universiti Putra Malaysia, as according to the Universiti Putra Malaysia
(Research) Rules 2012;

written permission must be obtained from supervisor and the office of
Deputy Vice-Chancellor (Research and Innovation) before thesis is
published (in the form of written, printed or in electronic form) including
books, journals, modules, proceedings, popular writings, seminar papers,
manuscripts, posters, reports, lecture notes, learning modules or any other
materials as stated in the Universiti Putra Malaysia (Research) Rules 2012;
there is no plagiarism or data falsification/fabrication in the thesis, and
scholarly integrity is upheld as according to the Universiti Putra Malaysia
(Graduate Studies) Rules 2003 (Revision 2012-2013) and the Universiti
Putra Malaysia (Research) Rules 2012. The thesis has undergone
plagiarism detection software.

Name and Matric No.: Syafigah Nur Azrie Bt Safri GS42459

Vi



Declaration by Members of Supervisory Committee

This is to confirm that:

e the research conducted and the writing of this thesis was under our

supervision;

e supervision responsibilities as stated in the Universiti Putra Malaysia
(Graduate Studies) Rules 2003 (Revision 2012-2013) are adhered to.

Signature:

Name of Chairman
of Supervisory
Committee:

Signature:

Name of Member of
Supervisory
Committee:

Signature:

Name of Member of
Supervisory
Committee:

Assoc. Prof. Ir. Ts. Dr.
Mohamed Tharig Bin Hameed
Sultan

Assoc. Prof. Ir. Ts. Dr. Abd
Rahim Bin Abu Talib

Dr. Mohammad Jawaid

Vi



ABSTRACT
ABSTRAK

TABLE OF CONTENTS

ACKNOWLEDGEMENTS

APPROVAL
DECLARATION

LIST OF TABLES
LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER
1 INTRODUCTION
1.1  Background of the Study
1.2  Problem Statement
1.3 Research Objectives
1.4  Scope of the Study
1.5 Thesis Outline
2 LITERATURE REVIEW
2.1  Introduction
2.2  Sugar Palm Fibre
221 Chemical Composition of Sugar
Palm Fibre
2.2.2 Applications for Sugar Palm Fibre
2.3  Chemical Treatments of Sugar Palm Fibre
2.4 Hybrid Composites
24.1 Natural-natural Fibre Hybrid
Composites
2.4.2 Synthetic-synthetic Fibre Hybrid
Composites
2.4.3 Synthetic-natural Fibre Hybrid
Composites
24.4 Advantages of Hybrid Composites
2.5  Characterization of Sugar Palm Fibre Based
Composites
251 Physical Properties
25.2 Mechanical Properties
2.5.3 Thermal Properties
254 Impact Properties
255 Damage Detection and Post-impact
Properties
2.6  Conclusions
3 MATERIALS AND METHODS
3.1 Introduction
3.2  Materials

3.21 Sugar Palm Fibre

viii

Page

Xii
Xiv

aobhweEk

0~ ~

10
11
12

14

15

18
20

20
21
23
25
29

33

38

40
40



3.3
3.4

3.5

3.6

3.7

3.8

3.9
3.10

3.11

3.2.2 Glass Fibre

3.2.3 Epoxy Resin

3.24 Chemicals for Benzoylation
Treatment

Benzoylation Treatment of Sugar Palm Fibre

Preparation of Sugar Palm/Glass Fibre Hybrid

Composites

Physical Properties Testing

3.5.1 Water Absorption

3.5.2 Moisture Content

3.5.3 Thickness Swelling

3.5.4 Density

Mechanical Properties Testing

3.6.1 Tensile Test

3.6.2 Flexural Test

3.6.3 Compressive Test

Morphological Observation

3.7.1 Optical Microscopy

3.7.2 Scanning Electron Microscopy
(SEM)

Thermal Properties Testing

3.8.1 Thermogravimetric Analysis (TGA)

3.8.2 Differential Scanning Calorimetry
(DSC)

3.8.3 Dynamic Mechanical Analysis
(DMA)

Low Velocity Impact Test

Damage Detection and Post-impact Testing

3.10.1  Ultrasonic C-scan Testing

3.10.2  Compression After Impact (CAl)
Test

Conclusion

RESULTS AND DISCUSSIONS

4.1
4.2

4.3

4.4

4.5

Introduction

Physical Properties

421 Water Absorption

422 Moisture Content

423 Thickness Swelling

42.4 Density

Mechanical Properties

43.1 Tensile Properties

4.3.2 Flexural Properties

4.3.3 Compressive Properties

Morphological Observation

44.1 Optical Microscopy

4.4.2 Scanning Electron Microscopy
(SEM)

Thermal Properties

451 Thermogravimetric Analysis (TGA)

40
41
41

41
41

44
44
45
45
46
46
46
48
49
50
51
51

51
51
51

52

52
54
54
55

56

57
57
58
59
60
62
63
63
68
73
78
78
78

81
82



4.5.2

4.5.3

Differential Scanning Calorimetry
(DSC)

Dynamic Mechanical Properties
(DMA)

4.6  Low Velocity Impact Properties
4.7  Damage Detection and Post-impact

Properties

4.7.1

4.7.2

Damage Detection using Ultrasonic
C-scan
Compression After Impact Testing

5 CONCLUSIONS AND RECOMMENDATIONS FOR
FUTURE RESEARCH
5.1 Conclusions

511
5.1.2
513
5.1.4

5.1.5

Physical and Mechanical Properties
Thermal Properties

Low Velocity Impact Properties
Impact Damage and Post-impact
Properties

Summary of Conclusions

5.2 Recommendations for Future Research

REFERENCES
BIODATA OF STUDENT

LIST OF PUBLICATIONS

85

87

92
97

98

100

104
104
105
105
105

106
106

107
132
133



Table

11
12
13
14
15
16
17

18

19

20

LIST OF TABLES

Properties of sugar palm fibre

Composition of Sugar Palm Fibre (Gentian
enau)

Reported research on natural-natural fibre
reinforced polymer composites

Reported research on synthetic-synthetic fibre
reinforced hybrid composites

Reported research on synthetic-natural fibre
reinforced polymer composites

Reported research on impact tests of hybrid
materials

Research work done on Sugar Palm
Composites

Properties of E-glass fibre

Properties of mixed compound

Formulations of Sugar Palm/Glass Fibre Hybrid
Composites

Drop height and impactor velocity value based
on impact energy level

Moisture content of all tested composites
Density of all the composites

SEM images of sugar palm/glass fibre hybrid
composites under compression and flexural
load

Thermogravimetric analysis (TGA) results for
composites

Tm and Tg of composites obtained from the
DSC thermogram

Impact properties obtained from low velocity
impact tests

Comparison of damage area between
photographs and ultrasonic images of impacted
samples

Average damage area for impacted benzoyl
treated sugar palm/glass fibre hybrid
composites.

Maximum Force and Compressive Strength
obtain from CAI test

Xi

Page

13
15
16
26
34
40
41
43
54
60
62
80
84
86
95

98

100

102



Figure

A WNPRE

(6]

11
12
13
14
15
16
17
18
19
20
21
22
23
24

25
26
27
28
29
30
31
32

33
34
35
36

37
38

LIST OF FIGURES

Sugar palm tree

Structure of natural fibre

Boat made from sugar palm and glass fibre
Possible reaction between cellulosic -OH groups and
benzoyl chloride

Beam made from hybrid composite of glass fibre and
carbon fibre

Bumper beam made from hybrid composite of glass
fibre and carbon fibre

Goals of using Thermogravimetric Analysis

Goals of using Differential Scanning Calorimetry
(DSC)

Drop-weight impact damage schematic

Typical force-displacement curve for hybrid flax-
carbon from drop weight test

Display patterns of Ultrasonic Testing

Damage and Fracture during CAl

Flow chart of the structure of this research

Raw sugar palm fibre

Vertical saw for specimen cutting

Tensile Testing setup

Samples for tensile testing

Flexural Testing Setup

Samples for Flexural Testing

Compression Testing Setup

Samples for Compression Testing

Drop Weight System

Ultrasonic C-scan testing set up

Standard compression after impact (CAl) test; (a, b)
sample is impacted, and (c) impacted sample is
compressed to failure

Compression After Impact (CAl) setup

Water absorption for all composites

Thickness swelling for all composites

Tensile stress-strain curve of all composites
Tensile strength of all composites

Tensile Modulus of all composites

Maximum tensile load of all composites

Flexural stress — flexural strain behaviour of all
composites

Flexural strength of all composites

Flexural modulus of all composites

Maximum flexural load of all composites
Compressive stress — compressive strain behaviour
of all composites

Compression strength of all composites
Compressive modulus of all composites

Xii

Page

10
19
19

23
24

27
28

30
32
39
40
44
47
47
48
49
50
50
52
55
55

56
58
61
64
65
66
67
69

70
71
72
74

75
77



39

40

41
42
43
44
45
46
47
48
49
50

51
52
53

Optical Microscopy images of (a) Untreated Sugar
Palm/Glass Fibre Hybrid Composite (b) Benzoyl
Treated Sugar Palm/Glass Fibre Hybrid Composite
SEM micrographs of (a) Untreated Sugar Palm
composite (b) Benzoyl Treated Sugar Palm composite
(c) Untreated Sugar Palm/Glass Fibre Hybrid
Composite (d) Benzoyl Treated Sugar Palm/Glass
Fibre Hybrid composite from the tensile testing

TGA curves for composites

DTG curves for composites

DSC curves for composites

Storage Modulus of all composites

Loss Modulus of all composite

Tan Delta of all composites

Cole-Cole plot of all composites

Force-Time curves for EP/30TSPF/70GF composite
Energy-Time curves for EP/30TSPF/70GF composite
Force-Displacement curves for EP/30TSPF/70GF
composite

Coefficient of restituition of composites

Compressive Stress-Compressive Strain
Force-Displacement curve

Xiii

78

79

82
83
86
87
89
90
91
92
94
95

97
101
102



ASTM
DMA
DSC
DTG
FRP
GF
ISO
NDE
NFRP
PMC
SEM
TGA

LIST OF ABBREVIATIONS

American Society for Testing Materials
Dynamic mechanical analysis
Differential scanning calorimetry
Differential Thermogravimetric

Fibre reinforced polymer

Glass fibre

International Organization for Standardization
Non-destructive evaluation

Natural fibre reinforced polymer
Polymer matrix composites

Scanning electron microscopy
Thermogravimetric analysis

Xiv



CHAPTER 1

INTRODUCTION

1.1 Background of the study

There has been increasing interest in the substitution of natural fibres for
synthetic ones in engineering applications. The main goal is to preserve the
environment by using natural fibres and to reduce the use of synthetic ones.
Natural fibres have an excellent tensile modulus and a lower density compared
to metallic materials and synthetic fibres (Ahmad, Choi, & Park, 2015). Natural
fibores have good mechanical properties with the additional benefit of being
lightweight. Natural fibres have several advantages over their synthetic
counterparts, such as low cost, acceptable specific strength properties, low
density, and biodegradability (Hapuarachchi, Ren, Fan, Hogg, & Peijs, 2007).
Natural fibres are currently used in seat backs, dashboards, door panels,
package trays, headliners, and trunk liners (D. Puglia, Biagiotti, & Kenny, 2005).
The benefits of natural fibres, such as their eco-friendliness and bio-renewability,
offer advantages over synthetic ones (V. K. Thakur, Thakur, & Gupta, 2014).
Natural fibres have excellent thermal and acoustic insulation performance and
exhibit several advantageous properties over rock-wool or glass fibre owing to
their cellular structure and low density (Cristaldi, 2010).

One of the types of natural fibre that are gaining recognition is sugar palm fibre.
The sugar palm tree or Arenga Pinnata is a member of the Palmae family and
can be easily found in South East Asia, especially in Malaysia. It has different
names, depending on the region. In Malaysia, it is known as enau and it can be
found in Negeri Sembilan, Perak, Pahang and Melaka. It grows at altitudes from
the sea level up to 1400 m a.s.| (Miller, 1964). Several parts of the sugar palm
tree can be exploited, such as the frond, the bunch, the trunk and the fibre, as
shown in Figure 1. Sugar palm fibre, which is also locally called gentian enau,
can be obtained from the tree, as it is wrapped around the sugar palm trunk.
Gentian enau is known for its traditional applications, being used to manufacture
paint brushes, door mats, ropes, cushions and fish nets (Salit, 2014). Gentian
enau is also recognised for its good durability and high strength, and thus has
attracted intense research attention, focusing on suitable applications. The
availability of sugar palm tree in Malaysia has widen the possibility to reduce
dependency on the synthetic fibre.
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It is difficult to use natural fibres as reinforcement in plastics because of their
hydrophilic nature, which is caused by the presence of hydroxyl groups. Surface
modifications, also known as chemical modifications, must be performed
considering that, usually, all natural fibres do not have good adhesion with
polymer matrices because of their hydrophilic nature. One of the possible surface
treatments applied to natural fibre involves the use of benzoyl chloride. Fibre
modification helps to make the fibre surface more compatible with the matrix.

Natural fibre have potential to replace the conventional synthetic fibre in many
applications. In this research, sugar palm fibre has been looked as the potential
materials to be applied in the interior of the aircraft. The use of sugar palm fibre
will bring positive impact on the environment and making sure on the
sustainability of the manufacturing process.



1.2 Problem Statement

Sugar palm fibre has started being considered as an alternative to synthetic fibre.
However, sugar palm fibre has its own disadvantages such as poor compatibility
between fibres and matrix and lower strength compared to synthetic fibre (Rana,
kumre, Rana, & Purohit, 2017; M. Sanyang, S. Sapuan, M. Jawaid, M. Ishak, &
J. Sahari, 2016). Researchers have been looking for ways to improve the
properties of sugar palm composites. Two major solutions have been found to
enhance the properties of sugar palm fibre. One of the biggest flaws of sugar
palm fibre is its hydrophilic nature. This hydrophilicity reduces the adhesion of
the sugar palm fibre to other reinforcement fibres and to the matrix, thus reducing
the performance of the obtained material. Chemical treatment of the sugar palm
fibre can reduce its hydrophilic properties and improve the compatibility between
the fibre and the matrix (Stana-Kleinschek, Ribitsch, Kreze, Sfiligoj-Smole, &
Persin, 2003). Researchers have implemented chemical modification of sugar
palm fibre, especially by using silane treatment and alkaline treatment as
explained in Chapter 2. However, one more treatment method has come into the
research focus to enhance the properties of sugar palm fibre. In this thesis,
benzoylation treatment was used to treat sugar palm fibre before fabricating
composites. Benzoylation treatment was introduced to see how it can improve
the composite properties. Thus, this research aims to explore the potential of
sugar palm fibres after being treated by benzoylation.

Another solution to improve the performance of sugar palm composites is by
hybridising. Natural fibre can be hybridised with either natural fibre or synthetic
fibre (Syafigah Nur Azrie Safri, Sultan, Jawaid, & Jayakrishna, 2018). However,
to enhance the strength of the sugar palm fibre, synthetic fibre is the best choice.
In this research, it was chosen to hybridise sugar palm fibre with glass fibre. This
is because, glass fibre is well known for its strength, light weight and mouldability
(Sanjay & Yogesha, 2017). Hybridised sugar palm/glass fibre composites were
formulated in order to combine the good properties of both fibres so as to
produce hybrid composites with great physical, mechanical, thermal, impact
properties and post-impact properties. A lot of research has been carried out on
hybridising sugar palm and glass fibre, however, to the best of our knowledge,
no study on the benzoyl treatment of sugar palm fibre before preparing the hybrid
composites has been reported so far.

Other than that, long sugar palm fibre is used in this research. Long natural fibre
is the cellulosic fibre that is often suggested as an alternative to glass fibre.
Commonly, composites made from long natural fibre have the highest tensile
and flexural properties (Fan & Fu, 2017). Therefore, to enhance the performance
of the sugar palm composites, the long type of fibre is used for both sugar palm
and glass fibre.



Also, scarce research is known to deal with the impact properties of such
composites, specifically in low velocity impact, including damage detection and
the post-impact properties of these hybrid composites. Most researchers focus
on the mechanical properties of sugar palm composites as been explained in
more detail in Chapter 2. Therefore, this thesis aims to contribute to the body of
knowledge on the impact properties, impact damage characteristics and post-
impact properties of sugar palm/glass fibre hybrid composites. The findings of
this research are expected to increase the knowledge with regard to the
possibility of using benzoylation treatment in sugar palm fibre. Moreover, the
results of the study should provide an insight into the properties of natural-
synthetic hybrid composites made from long sugar palm and glass fibre. This
combination of fibres is expected to alleviate environmental problems associated
with the excessive use of synthetic fibre and provide a solution to the search for
alternative materials for synthetic fibre. Other than that, these sugar palm/glass
fibre composites was seen to have potential to replace the current materials used
for the interiors of an aircraft.

1.3 Research Objectives

The principle aim of this research is to study the effect of benzoylation treatment
on sugar palm fibre composites and to analyze the effect of glass fibre addition
on the properties of the sugar palm/glass fibre composites based on the
characterization testing. The specific objectives are:

i. To characterize the physical, mechanical and morphological properties
of benzoyl treated and untreated sugar palm/glass fibre hybrid
composites;

ii. To determine the thermal properties of benzoyl treated and untreated
sugar palm/glass fibre hybrid composites using TGA, DSC and DMA
techniques;

iii. To evaluate the impact properties of the benzoyl treated sugar
palm/glass fibre hybrid composites using drop weight impact testing;

iv. To analyse the impact damage and post-impact characteristics of
benzoyl treated sugar palm/glass fibre hybrid composites using
ultrasonic C-scan and compression after impact testing.



1.4 Scope of the Study

The scope of this research is limited to the following:

i. This study does not consider details on the sugar palm tree
characteristics such as the age of the tree.

il The composites were fabricated, using long sugar palm fibre and long
glass fibre as reinforcement, and epoxy resin as the matrix.

iii. The hybrid composites were prepared by the conventional hand lay-up
method based on the volume ratio of 90% of matrix and 10% of fibre.
The ratio of the glass fibre in the composites was also varied as follows:
0%, 30%, 50% and 70% in terms of volume fraction.

iv. In this study, sugar palm fibre was treated by benzoylation before being
hybridised with glass fibre.

v.  This study specifically focused on the characterization of sugar
palm/glass fibre hybrid composites, analysing the effects of benzoylation
treatment and glass fibre addition to the composites on their properties.

Vi. The aim of this research is to gain deeper understanding of the sugar
palm/glass fibre hybrid composites by characterizing them in terms of
physical, mechanical and and thermal properties.

Vil. Also, this research is limited to the low velocity impact properties, impact
damage and post-impact analysis using ultrasonic C-scan testing and
compression after impact (CAl) testing.

1.5 Thesis Outline

This thesis consists of five chapters.

Chapter 1 presents background of the study, the problem statement, the
objectives of the research, the scope and limitations of the study and the outline
of the thesis.

Chapter 2 provides a literature review on sugar palm fibre. This chapter also
explains benzoylation treatment and other chemical treatments applied to sugar
palm fibre. This is followed by a detailed description of the physical, mechanical,
thermal and impact properties of sugar palm based composites, as reported in
the literature. This chapter also discusses the investigation of impact damage
and post-impact properties using ultrasonic C-scan testing and compression
after impact (CAl) testing.



Chapter 3 describes the methodology used in the current study. All the
methodology used in this research is explained thoroughly. Thus, the first section
provides details on the reinforcements, matrix and chemicals used in this
research. The second section explains the benzoylation treatment applied to the
sugar palm fibre, followed by the steps of composite preparation, from composite
fabrication to specimen cutting. The following section delineates the testing
techniques performed in this research, starting from physical and mechanical
testing, to morphological characterisation, thermal, low velocity impact,
ultrasonic and compression after impact (CAl) testing.

Chapter 4 presents and discusses the results obtained with regard to the
physical, mechanical, thermal, impact, impact damage and post-impact
properties of the tested specimens.

Chapter 5 summarises the conclusions drawn from the performed investigations
and offers some recommendations for future research.
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