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ABSTRACT

Rising globa concern over environmental degradation and reliance on non-renewable
resources has increased demand for sustainable smart materials. Shape memory
polymer composites (SMPCs), known for their thermal-trigered shape recovery, are
promising but limited by the environmental impact of synthetic reinforcements. This
study explores kenaf fiber (KF) as a natural reinforcement in SMPCs, using glass fiber
(GF) as a benchmark. A total of 174 specimens were fabricated with shape memory
polyurethane (SMPU) at fiber weight percentages of 5%, 10%, 15%, 20%, 25%, 30%,
40%. Characterization included Tensile Test, Thermogravimetric Analysis (TGA),
Dynamic Mechanical Analysis (DMA), Thermomechanical Analysis (TMA), Fourier
Transform Infrared Spectroscopy (FTIR), and Scanning Electron Microscopy with
Energy Dispersive X-ray (SEM-EDX) was conducted. Response Surface Methodol ogy
(RSM) was applied for optimization. Results confirmed atrade-off between KF and GF.
GF achieved the highest tensile strength, 39.27 MPa and stiffness, 36.35 GPa whereas
KF provided greater ductility and energy absorption, with elongation at break of 4.25%
compared to 1.2% for 20GF. Thermal analysis showed higher degradation onset for GF,
303°C compared to KF, 271°C, while DMA indicated superior storage modulusfor GF,
7780.9 MPa at 40GF compared to 1927.7 MPa for 30KF. However, KF demonstrated
stronger damping which istan deltaof 0.41 and higher shape recovery of 93% at 30KF,
while GF achieved better fixity of 75% at 30GF. RSM identified the optimum condition
at 25.49% KF and 47.10°C, yielding a storage modulus of 1189 MPa and loss modulus
of 215.85 MPa. In conclusion, KF-SMPCs offer competitive mechanical and smart
functionality with environmental advantages, making them suitable for semi-structural,
vibration sensitive, and adaptive systems in automotive, civil, and aerospace sectors
contributing to the development of greener, smarter composite materials.



ACKNOWLEDGEMENT

In the name of Allah, the Most Gracious and the Most Merciful.

First and foremost, | am deeply grateful to my main supervisor, Prof. Ts. Dr. Mohd
Fadzil bin Arshad, for his invaluable guidance and unwavering support. His extensive
knowledge and thoughtful approach have been instrumental in shaping this research. |
truly appreciate the countless hours he has dedicated to reviewing my work, providing
constructive criticism, and ensuring that | stay on the right path. |1 would also like to
extend my heartfelt to my co-supervisor, Assoc. Prof. Ts. Ir. Dr. Mohd Khairul bin
Kamarudin, for his continuous support and dedication. | also thank Mr. Azerai bin
Abdul Rahman for his assistance and guidance for my laboratory work.

My heartfelt appreciation goes to my beloved parents, Dato’ Khiyon bin Abdul Kadir
and , for their unconditional love and support, and to
my husband, Ir. Mohd Fariqg bin Ahmad Jamil, for his constant encouragement and
sacrifices. To my beloved son, Fahd bin Mohd Farig, thank you for being a source of
endlessjoy, andto my precious daughter, Fatimabinti Mohd Farig, who arrived during
the final stages of thisjourney, your presence has filled my heart with immense love
and strength. Special thanks to my siblings, Khirun Nissah Khiyon, Nurul Aisah
Khiyon, Dr. Noor Azeyah Khiyon, Mohd Igbal Khiyon, and Mohd Raffik Khiyon, and
their spouses, Mohd Shaifulizam bin Kornia, Khairool Aizat bin Ahmad Jamal, Dr.
Tengku Amirrul bin Tengku Asmara, Siti Nurshatila binti Mohd Nazri, and Ain Hayati
bin Mohd Safian, for their unwavering support. | also cherish the love of my nieces and
nephews, Sophie Inayya binti Khairool Aizat, Aaira Annysa binti Mohd Shaifulizam,
Ayden Mateen bin Khairool Aizat, Luth Daerius bin Mohd Igbal, Rhea Harleen binti
Mohd Raffik, and Tengku Azizah binti Tengku Amirrul.

| am deeply thankful to my mother-in-law, , and my in-
laws, Anisah binti Ahmad Jamil and Muhammad Farid bin Tahir, for their love and
support. To the memory of my late father-in-law, Ahmad Jamil bin Mahmood, thank
you for your guidance and encouragement. | miss you dearly.

| extend my gratitude to the technicians and staff at the Faculty of Civil Engineering,
including Mr. Muhammad Faiz bin Ahmad Zait, Mr. Muhammad Tarmizi bin Ismail,
Mr. Mohd Alif bin Abd Jalil, Mr. Mohammad Faiz Jama bin Abd Nasir, Mr. Muhamad
Hazli bin Shariel, Puan Sdhafizah binti Y aacob, and Puan Rosnaini binti Md Saini, for
their assistance during my laboratory work. My thanks also go to my lecturers,
colleagues, and friends, especialy Dr. Nurshamimie binti Muhammad Fauzi, aswell as
Dr. Noor Fifinatasha binti Shahedan, Dr. Arina binti Rahmat, Dr. Akhtarul Norfaiza
binti Che Nen, Dr. Siti Aisyah binti Ghazali, Dr. Nurul Aini binti Salehuddin, Dr. Noor
Sa'adah binti Abdul Hamid, Dr. Zaidahtulakmal binti Mohd Zahib, Dr. Sgith Thottathil
Abdul Rahman, Dr. Shahrul Azwan bin Shakrani and Dr. Mohd Hafiz bin Md Ali.
Specia thanks also to Nor Salyidah binti Abdul Ghani, Ma Syarah binti Abdul Maulud,
Nur Wahidah binti Ahmad, and everyone who supported me during thisjourney.

Alhamdulillah, and thank you, Allah, for Y our endless blessings.



TABLE OF CONTENTS

CONFIRMATION BY PANEL OF EXAMINERS
AUTHOR'S DECLARATION

ABSTRACT

ACKNOWLEDGEMENT

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF PLATES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

CHAPTER 1 INTRODUCTION

11  Research Background

12  Problem Statement

13  Research Objectives

14 Scope of Works and Limitations
15 Research Significance

CHAPTER 2 LITERATURE REVIEW
21  Introduction
22  Smart Materials
23  Shape Memory Materials (SMMs)
24  Shape Memory Polymers (SMPs)
24.1 Shape Memory Polyurethane (SMPU)

Page

Vi
Xil
Xiv
XVili
XiX

XX

~ 0N W R P

(o]

10
12
14
17

24.2 Reinforcement Strategies in  Shape Memory Polyurethane

(SMPU)
25  Kenaf Fiber (KF) as a Reinforcement Material

19
24

2.5.1 Comparative Properties of KF and GF as Reinforcement Material 27

Vi



CHAPTER 1
INTRODUCTION

1.1  Research Background

Shape memory polymers (SMPs) are a category of shape memory materials
(SMMs) that have attracted significant attention for their ability to regain their original
shape after significant deformation in response to various stimuli, such as temperature
(heat), moisture, light, magnetism, pH value and more (Luo et al., 2021). Among these
stimuli, heat is the most widely used and practical for engineering applications. SMPs
offer several advantages over other SMMs, such as shape memory aloys (SMAS),
including lightweight properties (Leng et al., 2009), high strain capacity (Singhwane et
al., 2023), simple processing and high adaptability to various stimuli (Hewage et al.,
2020; Luo et al., 2024), making them suitable for a broad range of applications in
biomedical, aerospace, textile, and civil industries. Despite substantial progress, further
research into SMPs remains essential .

Among SMPs, shape memory polyurethane (SMPU) stands out due to its
remarkable properties, including a wide range of shape recovery temperature, high
recoverability, ease of fabrication, cost-effectiveness, and biocompatibility
(Nissenbaum et al., 2020). These properties make SMPU a promising material suitable
for awide range of applications, from building coatings and aviation to biomedical uses.
However, SMPU alone has a relatively low modulus and mechanical strength, which
restrictsits use in structural or load-bearing applications.

The development of SMPs and their composites has progressed notably over the
past few decades. SMPs were first introduced in the 1980s, with polyurethane-based
SMPs gaining popularity dueto their thermal responsiveness. In the early 2000s, shape
memory polymer composites (SMPCs) emerged as a solution to enhance the relatively
low mechanical strength of SMPs by incorporating reinforcements. Between 2010 and
2015, research emphasized optimizing activation temperatures and mechanical
properties to broaden their application scope. From 2016 onward, the focus has shifted
towards the development of multi-stimuli responsive SMPCs for advanced engineering
uses (Sanakaet al., 2024).



