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Recently, with the increasing environmental concerns of many researchers conduct
various research activities and efforts to address environmental issues by replacing the
conventional fibres (synthetic fibres) to natural fibres as more environmentally friendly
in polymer composites. The advantages of natural fibres in polymer composites are low
cost, light weight, biodegradable and have good mechanical properties. In Malaysia,
there are about 800-1200 hectare roselle trees that have been planted. With the size of
this plantation, dumping cut trees will cause problems for farmers for disposal. The
easiest way to dispose for them is to do open burning. The disposal of roselle trees will
cause the effects of natural pollution. Therefore, roselle trees are selected for use in
composites to reduce environmental problems. Additional, this research focuses on
roselle and sugar palm plant to produce hybrid composites. Hybridization two types of
natural fibres due to RF has high tensile strength and low fibre cost. SPF has good
mechanical properties especially in terms of impact. These two criteria are combined to
further enhance the mechanical and thermal properties of TPU composites. In
additional, this research aims on capability performances and sustainability of roselle
and sugar palm fibre as the reinforcement materials for polymer hybrid composites.
Hence, several modifications were carried out to improve the mechanical and thermal
properties of RF and SPF reinforced thermoplastic polyurethane hybrid composites.
The purposes of this research consist of four parts. In the first part, roselle fibre
(RF)/reinforced thermoplastic polyurethane (TPU) composites were prepared with
different fibre sizes i.e. 125 um and lower, 125-300 and 300—425 pum using the internal
mixer and hot compression. The finding shows that mechanical properties were
improved with increasing of the fibre sizes. The thermal properties were improved as
the fibre size increased. The second part, the influence of fibre varying contents (0 — 50
wt. %) on the mechanical and thermal stability of RF/TPU composites were
investigated. From the results, the effects of fibre contents show improved in tensile,
flexural and impact test. Besides that, the thermal properties of RF/TPU composites



with different fibre contents had improved the thermal stability. The third part, the
effects of hybridization of RF/sugar palm fibre (SPF)/TPU composites. Hybridization
of RF/ SPF at weight ratio 75:25, 50:50, and 25:75 were performed using hot
compression. Obtained results indicated that hybridization of RF/SPF/TPU hybrid
composites increased the impact strength with increasing of sugar palm fibre contents.
Otherwise, it gave effects on reduction of the tensile and flexural properties. In
addition, the thermal properties of RF/SPF/TPU hybrid composites were improved
following with incorporation of sugar palm fibres. Finally, the effect of surface
treatment RF/SPF/TPU hybrid composites on mechanical and thermal properties.
Roselle and sugar palm fibres are treated with alkalization agent. From the results, the
treated RF/SPF/TPU hybrid polyurethane composites fibres shows increased in the
mechanical properties of TPU composites compared to untreated. The highest tensile is
14.26 MPa, flexural strength is 14.05 MPa and impact strength is 23.76 kJ/m? was
obtained from treatment 6 % NaOH concentration on RF/SPF hybrid composites.
Physical properties showed lower water uptake of the treated thermoplastic
polyurethane hybrid composites. The lowest water uptake is 7.97 % and thickness
swelling is 6.49 % obtained from 9 % NaOH concentration after soaked in water for 7
days. The thermal properties also improved the thermal stability. Overall, RF/SPF/TPU
hybrid composites have the potential to be an alternative material in polymer
composites products to compete with the conventional fibres. Besides, it can reduce the
problem of dumping and open burning on the environment. In addition, this hybrid
composite can be applied to the automotive parts especially as a battery holder and
liner.
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Baru-baru ini, dengan peningkatan isu alam sekitar ramai penyelidik menjalankan
pelbagai aktiviti penyelidikan dan usaha untuk menangani isu alam sekitar dengan
menggantikan serat konvensional (gentian sintetik) kepada serat semulajadi sebagai
bahan utama yang lebih mesra alam di dalam komposit polimer. Kelebihan gentian
semulajadi ini adalah rendah kos, ringan, biodegradasi dan mempunyai sifat mekanikal
yang baik. Di Malaysia, terdapat kira-kira 800-1200 hektar pokok roselle yang telah
ditanam. Dengan saiz ladang ini, lambakan pokok pelupusan akan menyebabkan
masalah bagi petani untuk dilupuskan. Cara paling mudah untuk membuangnya ialah
melakukan pembakaran terbuka. Oleh itu, proses pelupusan pokok roselle akan
menyebabkan kesan pencemaran alam. oleh itu, pokok roselle dipilih untuk dijadikan
composites untuk mengurangkan masalah persekitaran. Tambahan, penyelidikan ini
memberi tumpuan kepada pokok roselle dan Enau untuk dihasilkan komposit hibrid.
Hibridisasi kedua-dua jenis serat semulajadi ini adalah kerana RF mempunyai kekuatan
tegangan dan kos bahan yang rendah dan SPF mempunyai sifat mekanikal yang baik
terutamanya kekuatan impak. Kedua-dua sifat mekanikal ini digabungkan untuk
meningkatkan kekuatan mekanikal dan terma ke atas komposit TPU. Tambahan,
penyelidikan ini bertujuan untuk menilai keupayaan dan kelestarian serat roselle (RF)
dan ljuk (SPF) sebagai bahan pengukuhan untuk komposit hibrid polimer. Oleh itu,
beberapa pengubahsuaian telah dilakukan ke atas RF dan SPF untuk meningkatkan
sifat-sifat mekanikal dan terma atas poliuretana termoplastik komposit hibrid. Tujuan
penyelidikan ini terdiri daripada empat bahagian. Pada bahagian pertama, RF/
diperkuat poliuretana termoplastik (TPU) komposit kesan terhadap pelbagai saiz serat
seperti 125 pm dan lebih rendah, 125-300 dan 300-425 pum dengan menggunakan
pengadun dalaman dan pembentukan mampatan. Hasil kajian menunjukkan bahawa
sifat-sifat mekanik bertambah baik dengan peningkatkan saiz serat. Ciri-ciri termal
bertambah baik apabila saiz gentian meningkat. Bahagian kedua, kesan perbezaan
kandungan serat roselle (0 - 50 wt.%) pada sifat mekanik dan kestabilan termal
diperkukuhkan dengan poliuretana termoplastik. Dari keputusan, kesan kandungan
serat menunjukkan peningkatan tegangan, lenturan dan impak. Selain itu, sifat termal
komposit RF/TPU dengan kandungan serat yang berbeza telah meningkatkan



kestabilan terma. Bahagian ketiga, kesan hibridisasi komposit RF/SPF/ TPU.
Hibridisasi RF/ SPF pada kadar berat 75:25, 50:50 dan 25:75 telah disediakan. Hasil
yang diperolehi menunjukkan bahawa, hibridisasi komposit RF/SPF telah
meningkatkan kekuatan impak dengan peningkatan peratusan kandungan SPF. Malah,
ia memberi kesan penurunan ke atas sifat tegangan dan lentur. Di samping itu, sifat
terma hibridisasi komposit RF /SPF/TPU bertambah baik berikutan penggabungan
dengan SPF. Akhir sekali, kesan rawatan pemukaan gentian hibrid komposit RF/ SPF
ke atas sifat mekanikal dan termal. RF dan SPF dirawat dengan agen alkali. Dari
hasilnya yang diperolehi, komposit hibrid RF/SPF/TPU yang dirawat menunjukkan
peningkatan sifat mekanik berbanding dengan tidak dirawat. Ujian tegangan tertinggi
ialah 14.26 MPa, kekuatan lenturan adalah 14.05 MPa dan kekuatan impak ialah 23.76
kJ/m? diperoleh daripada kepekatan 6% NaOH pada komposit hibrid RF / SPF. Sifat
fizikal menunjukkan penyerapan air yang lebih rendah daripada komposit hybrid TPU
yang dirawat. Penyerapan air terendah ialah 7.97% dan ketebalan bengkak adalah
6.49% diperolehi daripada kepekatan NaOH 9% selepas rendaman selama 7 hari. Ciri-
ciri terma juga menunjukkan kestabilan yang lebih baik. Secara keseluruhannya,
komposit hibridisasi RF/SPF/TPU mempunyai potensi untuk dijadikan bahan alternatif
di dalam komposit polimer untuk menyaingi dengan serat konvensional. Selain itu, ia
dapat mengurangkan masalah pembuangan dan pembakaran terbuka terhadap alam
sekitar. Tambahan juga, komposit hibrid ini boleh diaplikasikan ke produk automotif
khususnya sebagai pemegang dan pelapik bateri
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CHAPTER 1

INTRODUCTION

1.1 Background

Recently, the development of environment friendly products has been growing rapidly
due to accumulating of biodegradable waste on the landfill. Besides, polymer industries
produced the product from synthetic fibres obtained from fossil fuels. Most of the
conventional materials are non-degradable and non-renewable and they are hazardous
upon disposal. Therefore, various efforts have been made to develop green materials
either by recycling or from natural resources that can solve some problems associated
with environmental pollution. Nowadays, the development of environmentally friendly
materials is increasing and becoming the focus of researchers to replace the synthetic
based fibres and composites. Natural fibre products are biodegradable and inexpensive,
this composite contributes to the century due to environmental problems. Also,
composite materials offer solution for waste disposal problems related to petroleum-
derived plastics. Various types of natural materials have been used such as in the forms
of fibres, celluloses and starch to be used as major constituents in composite materials.
Of all these sources, natural fibre is the most widely used and it can be found in
abundance (Mohammed et al.,2015; Sapuan et al.,2015).

Roselle fibres (RF) and sugar palm fibres (SPF) are natural fibres, which have the
potential to be used as reinforcements in polymer composites. Both fibres can easily be
found in abundance in Malaysia, Thailand and Indonesia. RF are used in the form of
bast fibres, while SPF have their own natural fibres normally being wrapped around the
trunk of the trees. Both fibres have good mechanical and thermal properties
(Chandramohan & Marimuthu, 2011b; Ishak et al., 2013)

Therefore, this research presents the investigation of various aspects of RF and SPF
reinforced thermoplastic polyurethane (TPU) hybrid composites such as the
determination of mechanical, morphology and thermal properties. Both fibres were also
treated with alkaline treatment (NaOH). The research also investigated the effect of
different fibre treatments on mechanical and thermal properties using different
approaches. The purpose of fibre treatment process is to improve mechanical and
thermal properties of RF/SPF fibre hybrid composites.

1.2 Problem statements

Nowadays, producing and study of new materials focuses on the enhancement of
mechanical and physical properties, especially in environmentally friendly materials.
This study involved composites using natural fibres with new effects and taking
advantage of each properties to create better new material in generally.



Composite-based products are widely applied in various industries such as furniture,
automotive and others. In addition, the manufacture of composite materials can
conserve energy as well as demand where the materials produced need to have features
such as high characteristics properties, improvement material design and lightweight
conversion.

The main causes of environmental pollution are open burning of the agricultural from
farmers without supervision of the authorities. Dumping mature trees and there is no
yield that need to be cut down and replaced with new trees. This plant will often be
burned by farmers to clear their crops. One of the plants to be cut down and burned is
the roselle tree. According to the website Anim Agro Technology, in Malaysia, there
are about 800-1200 hectare roselle trees that have been planted. Therefore, roselle
plants are planted around 7400 trees per hectare in the mineral (Nadlene et al.,2016a).
With the size of this plantation, dumping cut trees will cause problems for farmers for
disposal. The easiest way to dispose for them is to do open burning. Later, the
combustion residue will normally be used as fertilizer for a new crop. Thus, the process
of disposing of roselle trees will cause one of the effects of natural pollution.

In addition, these plastic materials cannot be dissolved separately when disposed into
the sea or land. Uncontrollable abandonment will bring harmful to humans and animals
and can cause odour and open burning. Additionally to the remnants of the tree cutting
waste will also be burned on a large scale. Such behaviour will also bring pollution to
air and odour. This problem has attracted the attention of many countries, where the
government has banned the disposal and open burning of plastic waste as an effort to
curb environmental pollution and to address such issues. Therefore, this research
attempt to solve the environmental pollution issue by developing renewable on polymer
materials. Indirectly, studies on new composites materials on enhancing mechanical
and thermal properties and produce environmentally friendly materials.

The manufacture of hybrid composites product has been widely applied in the
automotive and aircraft industries. The production of this material is to produce
lightweight products and have good mechanical properties (Panthapulakkal & Sain,
2007). Currently, research on hybrid composite studies using natural fibres as a source
has become a focus among researchers. These natural fibres source is easy to find is
one of the reasons why it is used as a reinforcing agent in polymer materials. In
addition, the advantages of this fibre are more environmentally friendly than
conventional fibres. Besides, advantages of the natural fibres are the low cost of
materials and manufacturing, environmentally friendly and good in mechanical and
thermal properties (Essabir et al., 2016; Idiculaet al., 2005; Saw et al., 2012).

RF and SPF are the natural fibres that can easily found in tropical areas. Usually, these
fibres used to produce sweepers, ropes and textile. Both types of this natural fibres
have fruits that can be as a food sweeteners, sugar block (gula Enau) and also used in
medicine (Ishak et al., 2013; Nadlene et al., 2016a). For roselle tree, once this tree
reaches a year it will normally be cut off after the fruit was harvested and becomes
waste disposal without proper management. The roselle stem can produce fibres and
can be used as reinforcement in polymers composite. This method is an alternative to
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increase the income of roselle trees farmers by using roselle tree waste that can be used
as reinforcement to the composites. The sugar palm tree belongs to the ‘Palmae’
family. This tree is a multipurpose tree as the entire tree can be used i.e. trunk, leaves,
fruit and fibres. It is the most widely used sugar palm for the harvest of sugar and
fibres. Previous studies have shown that SPF has good tensile properties and
appropriate as reinforcement agent in polymer composites (Huzaifah et al.,2017).
Information for both of these fibres are very important for understanding and
evaluating mechanical, physical and thermal properties before it is used in various
engineering industries. The selection of RF and SPF in this study was to reduce
environmental pollution such as open burning and additionally, this fibres is low cost
compared to other natural and conventional fibres.

Hybridization is a combination of more than one fibre used to reinforce a matrix to
increase its mechanical properties and to reduce the cost of producing fibre reinforced
polymer hybrid composites. The hybridization of natural fibres with natural or
synthetic fibres can improve thermal, strength, stiffness, ductility, and damping
properties of polymer composites (Nunna, Chandra, Shrivastava, & Jalan, 2012). In
this research, the hybridization of RF/SPF/TPU hybrid composites were performed.

The combinations of these two type of fibres as RF and SPF have different mechanical
properties reinforced TPU composites. RF has good tensile strength and SPF has high
impact strength. Therefore, RF/SPF hybrid to further enhance the mechanical and
thermal properties.

1.3 Objectives

This study involved polymers composites using RF and SPF by providing characteristic
effects on RF and SPF and taking advantage of each properties to create better new
material in general.

The objectives of the research are as follows:

1. To evaluate the effect of fibre size on mechanical and thermal properties of
RF/SPF composites

2. To analyse the effect of filler loading on mechanical, thermal and morphology
properties of RF/SPF composites

3. To investigated the effect of the hybridization of RF/SPF/TPU on the
mechanical, thermal & morphological properties.

4. To evaluate the effect of surface treatment of RF/SPF/TPU hybrid composites
on morphological, mechanical, physical and thermal properties.



1.4 Significance of the research

1. The successful development of natural fibres such as RF and SPF will enhance
living standards for farmers dealing with roselle and sugar palms in rural areas
especially in Malaysia.

2. Inaddition, this study is expected to expose the potential of using RF and SPF
in green or friendly product development.

3. The outputs and findings of the research are expected to enhance the
knowledge of RF/SPF/TPU hybrid composites.

4. The development of hybrid composites with enhanced features is expected to
provide alternative materials to conventional materials.

5. The development of hybrid composites is expected to reduce environmental
pollution during disposal.

15 Scope of study

In this research, the purpose of the study is to understanding of the natural fibre
reinforced polymers composites. Natural fibres used in this research is RF and SPF
reinforced TPU hybrid composites were characterized in terms of their mechanical,
physical and thermal properties. RF were obtained from retted stems using water
retting process, where they were immersed in water for 14 days, and then were cleaned
using water tap and finally, the fibres were manually removed. SPF were extracted
from the sugar palm tree and it was necessary to wash with water to remove impurities.
Then, RF with different short fibre sizes and loading percentages were blended with
TPU to form composites and their properties were determined. The evaluation of
material composition properties is mechanical (tensile, flexural and impact properties)
and thermal (TGA) properties. Hybridized composites made from RF/SPF reinforced
TPU with different hybrid loading composites and determination material composition
properties includes physical (density, water absorption and thickness swelling),
mechanical (tensile, flexural and impact) and thermal (TGA) test. Lastly, both fibres
were treated with chemical treatment to observe the effect of alkaline treatment on
physical, mechanical and thermal properties of hybrid composites. The alkaline
treatment was studied to analyse which NaOH concentration parameters contributes to
improvement in mechanical, physical and thermal properties of RF/SPF hybrid
composites. FTIR analysis were conducted for chemical composition analysis. The
results of untreated and treated samples were compared. The potential of this composite
product is for automotive parts (battery holder) evaluated through mechanical, physical
and thermal testing

1.6 Structure of thesis

The structure of this thesis is in accordance with the alternative thesis format of
Universiti Putra Malaysia, which is based on journal publication. Each research chapter
(journal paper) represents a separate research on its own: ‘Introduction’, ‘Materials and
methods’, ‘Results and discussion’, and ‘Conclusions’. The details of the thesis
structure are presented as follows:



Chapter 1

Problem statements and objectives are presented in this chapter. The significance of the
research work and the scope of research are also presented in this chapter.
Chapter 2

This chapter presents a comprehensive literature review on the areas related to the topic
of this research. In addition, the research gaps obtained from the review were also
clarified within the chapter.

Chapter 3

The methodology used in this research for the preparation of materials, testing
procedures, and data collection is presented in this chapter.

Chapter 4

This chapter presents the first article “Mechanical and thermal performance of
roselle fibres-reinforced thermoplastic polyurethane composites”. In this article,
the effect of fibre size on RF/TPU composites on the mechanical and thermal
properties was investigated.

Chapter 5

This chapter presents the second article “Influence of fibre contents on mechanical
and thermal properties of roselle fibre reinforced polyurethane composites”. In
this article, the effect of fibre loading on RF/TPU composites on the mechanical and
thermal properties was investigated.

Chapter 6

This chapter presents the third article “Mechanical performance of roselle/sugar
palm fibre hybrid reinforced polyurethane composites”. In this article, the effect of
SPF fibre loading on mechanical properties of roselle composites was investigated.

Chapter 7
This chapter presents the fourth article “Water absorption, thickness swelling and

thermal properties of roselle/sugar palm fibre reinforced thermoplastic
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polyurethane hybrid composites.” In this article, the effect of SPF fibre loading was
studied relative to the physical and thermal properties of roselle hybrid composites.

Chapter 8

This chapter presents the fifth article “Effect of alkaline treatment on mechanical,
physical and thermal properties of roselle/sugar palm fibre reinforced
thermoplastic polyurethane hybrid composites”. In this article, the effect of alkaline
treatment on the mechanical, physical and thermal properties of RF/SPF/TPU hybrid
composites was evaluated.



REFERENCES

Abdel Hakim, a. a., Nassar, M., Emam, A., & Sultan, M. (2011). Preparation and
characterization of rigid polyurethane foam prepared from sugar-cane bagasse
polyol. Materials Chemistry and Physics, 129(1-2), 301-307. https://doi.org/
10.1016/j.matchemphys.2011.04.008

Aggarwal, L., Sinha, S., Bhatti, M. S., & Gupta, V. K. (2017). Mixer design
optimization with fractured surface topography of mechanical properties of
polymer biocomposites. Journal of the Taiwan Institute of Chemical Engineers,
74, 272-280. https://doi.org/10.1016/j.jtice.2017.02.007

Akhtar, M. N., Sulong, A. B, Radzi, M. K. F., Ismail, N. F., Raza, M. R., Muhamad,
N., & Khan, M. A. (2016). Influence of alkaline treatment and fiber loading on
the physical and mechanical properties of kenaf/polypropylene composites for
variety of applications. Progress in Natural Science: Materials International,
26(6), 657—664. https://doi.org/10.1016/j.pnsc.2016.12.004

Akil, H. M., Omar, M. F., Mazuki, A. A. M., Safiee, S., Ishak, Z. A. M., & Bakar, A.
A. (2011). Kenaf fiber reinforced composites : A review. Materials and Design,
32(8-9), 4107-4121. https://doi.org/10.1016/j.matdes.2011.04.008

Al-Ogla, F. M., Salit, M. S., Ishak, M. R., & Aziz, N. A. (2014). Combined multi-
criteria evaluation stage technique as an agro waste evaluation indicator for
polymeric composites: Date palm fibers as a case study. BioResources, 9(3),
4608-4621. https://doi.org/10.15376/biores.9.3.4608-4621

Alamri, H., & Low, I. M. (2013). Effect of water absorption on the mechanical
properties of nanoclay filled recycled cellulose fibre reinforced epoxy hybrid
nanocomposites. Composites Part A: Applied Science and Manufacturing, 44(1),
23-31. https://doi.org/10.1016/j.compositesa. 2012.08.026

Alawar, A., Hamed, A. M., & Al-Kaabi, K. (2009). Characterization of treated date
palm tree fiber as composite reinforcement. Composites Part B: Engineering,
40(7), 601-606. https://doi.org/10.1016/j.compositesb. 2009.04.018

Anim Agro Technology, Retrieved 21 November 2014, from http://animhosnan.
blogspot.com/2014/11/roselle-cara-tanam.html

Annie Paul, S., Boudenne, A., Ibos, L., Candau, Y., Joseph, K., & Thomas, S. (2008).
Effect of fiber loading and chemical treatments on thermophysical properties of
banana fiber/polypropylene commingled composite materials. Composites Part
A: Applied Science and Manufacturing, 39(9), 1582-1588. https://doi.org/
10.1016/j.compositesa.2008.06.004

Arrakhiz, F. Z., Benmoussa, K., Bouhfid, R., & Qaiss, A. (2013). Pine cone fiber/clay
hybrid composite: Mechanical and thermal properties. Materials & Design, 50,
376-381. https://doi.org/10.1016/j.matdes.2013.03.033

Ashik, K. P., Sharma, R. S., & Guptha, V. L. J. (2018). Investigation of moisture
absorption and mechanical properties of natural /glass fiber reinforced polymer
hybrid composites. Materials Today: Proceedings, 5(1), 3000-3007.
https://doi.org/10.1016/j.matpr.2018.01.099

Ashori, A., & Sheshmani, S. (2010). Hybrid composites made from recycled materials:
Moisture absorption and thickness swelling behavior. Bioresource Technology,
101(12), 4717-4720. https://doi.org/10.1016/j.biortech. 2010.01.060

Asim, M., Paridah, M. T., Saba, N., Jawaid, M., Alothman, O. Y., Nasir, M., &
Almutairi, Z. (2018). Thermal, physical properties and flammability of silane
treated kenaf/pineapple leaf fibres phenolic hybrid composites. Composite
Structures, 202(February), 1330-1338. https://doi.org/10.1016/j.compstruct.

113



2018.06.068

ASTM. (2015). Standard Test Method for Compositional Analysis by
Thermogravimetry 1. ASTM International, 08(Reapproved 2014), 6.
https://doi.org/10.1520/E1131-08R14.2

ASTM D256-02. (2002). Standard Test Methods for Determining the Izod Pendulum
Impact Resistance of Plastics, 1-7. https://doi.org/10.1520/ D3914-02R08.2

ASTM D570-98. (1999). Standard Test Method for Water Absorption of Plastics.
Biochemistry, 8, 1-4. https://doi.org/10.1520/D0570-98

ASTM D638-00. (2001). Standard Test Method for Tensile Properties of Plastics, 1-7.
https://doi.org/10.1520/D0638-02

ASTM D790-02. (2002). Standard Test Methods for Flexural Properties of
Unreinforced and Reinforced Plastics and Electrical Insulating Materials 1.
Standard Test Methods for Flexural Properties of Unreinforced and Reinforced
Plastics and Electrical Insulating Materials, (April), 1-15.

ASTM D792 - 08. (2008). Standard Test Methods for Density and Specific Gravity
(Relative Density) of Plastics by Displacement. ASTM International, West
Conshohoken, PA, USA, 1-6. https://doi.org/10.1520/D0792-08.2

Ates, B., Koytepe, S., Karaaslan, M. G., Balcioglu, S., & Gulgen, S. (2014).
Biodegradable non-aromatic adhesive polyurethanes based on disaccharides for
medical applications. International Journal of Adhesion and Adhesives, 49, 90—
96. https://doi.org/10.1016/j.ijadhadh.2013.12.012

Athijayamani, A., Stalin, B., Sidhardhan, S., & Boopathi, C. (2016). Parametric
analysis of mechanical properties of bagasse fiber-reinforced vinyl ester
composites. Journal of Composite Materials, 50(4), 481-493. https://doi.org/
10.1177/0021998315576555

Atigah, A., Jawaid, M., Ishak, M. R., & Sapuan, S. M. (2017). Moisture Absorption
and Thickness Swelling Behaviour of Sugar Palm Fibre Reinforced
Thermoplastic ~ Polyurethane.  Procedia  Engineering, 184, 581-586.
https://doi.org/10.1016/j.proeng.2017.04.142

Atigah, A., Jawaid, M., Ishak, M. R., & Sapuan, S. M. (2018). Effect of Alkali and
Silane Treatments on Mechanical and Interfacial Bonding Strength of Sugar
Palm Fibers with Thermoplastic Polyurethane. Journal of Natural Fibers, 15(2),
251-261. https://doi.org/10.1080/15440478.2017.1325427

Atigah, A., Jawaid, M., Sapuan, S. M., & Ishak, M. R. (2017). Effect of Surface
Treatment on the Mechanical Properties of Sugar Palm/Glass Fiber-reinforced
Thermoplastic Polyurethane Hybrid Composites. BioResources, 13(1), 1174-
1188. https://doi.org/10.15376/biores.13.1.1174-1188

Atigah, A., Jawaid, M., Sapuan, S. M., & Ishak, M. R. (2018). Dynamic mechanical
properties of sugar palm/glass fiber reinforced thermoplastic polyurethane hybrid
composites. Polymer Composites, 1-6. https://doi.org/10.1002/pc.24860

Azaman, M. D., Sapuan, S. M., Sulaiman, S., Zainudin, E. S., & Abdan, K. (2013). An
investigation of the processability of natural fibre reinforced polymer composites
on shallow and flat thin-walled parts by injection moulding process. Materials
and Design, 50, 451-456. https://doi.org/10.1016/j.matdes.2013.03.036

Azammi, A. M. N., Sapuan, S. M., Ishak, M. R., & Sultan, M. T. H. (2018).
Conceptual design of automobile engine rubber mounting composite using TRIZ-
Morphological chart-analytic network process technique. Defence Technology,
14(4), 268-277. https://doi.org/10.1016/j.dt.2018.05.009

Bachtiar, D., Sapuan, S. M., & Hamdan, M. M. (2009). The influence of alkaline
surface fibre treatment on the impact properties of sugar palm fibre-reinforced
epoxy composites. Polymer - Plastics Technology and Engineering, 48(4), 379-

114



383. https://doi.org/10.1080/03602550902725373

Bakare, I. O., Okieimen, F. E., Pavithran, C., Abdul Khalil, H. P. S., & Brahmakumar,
M. (2010). Mechanical and thermal properties of sisal fiber-reinforced rubber
seed oil-based polyurethane composites. Materials & Design, 31(9), 4274-4280.
https://doi.org/10.1016/j.matdes.2010.04.013

Bakri, M. K. Bin, Jayamani, E., & Hamdan, S. (2017). Processing and Characterization
of Banana Fiber/Epoxy Composites: Effect of Alkaline Treatment. Materials
Today: Proceedings, 4(2), 2871-2878. https://doi.org/10.1016/j.matpr.2017.
02.167

Baley, C. (2002). Analysis of the flax fibres tensile behaviour and analysis of the
tensile stiffness increase. Composites - Part A: Applied Science and
Manufacturing, 33(7), 939-948. https://doi.org/10.1016/S1359-835X(02) 00040-
4

Bledzki, A. (1999). Composites reinforced with cellulose based fibres. Progress in
Polymer Science, 24(2), 221-274. https://doi.org/10.1016/S0079-6700(98)
00018-5

Boopalan, M., Niranjanaa, M., & Umapathy, M. J. (2013). Study on the mechanical
properties and thermal properties of jute and banana fiber reinforced epoxy
hybrid composites. Composites Part B: Engineering, 51, 54-57. https://doi.org/
10.1016/j.compositesb.2013.02.033

Cai, M., Takagi, H., Nakagaito, A. N., Katoh, M., Ueki, T., Waterhouse, G. I. N., & Li,
Y. (2015). Influence of alkali treatment on internal microstructure and tensile
properties of abaca fibers. Industrial Crops and Products, 65, 27-35.
https://doi.org/10.1016/j.indcrop.2014.11.048

Chandramohan, D., & Marimuthu, K. (2011a). A review on natural fibers.
International Journal of Research and Reviews in Applied Sciences, 8(2), 194—
206. Retrieved from http://www.arpapress.com/Volumes/Vol8lssue2/ 1JRRAS
8 2 09.pdf

Chandramohan, D., & Marimuthu, K. (2011b). Tensile and Hardness Tests on Natural
Fiber Reinforced Polymer Composite Material. Journal of Advanced Engineering
Sciences and Technologies, 6(1), 97-104.

Chauhan, A., & Kaith, B. (2012). Versatile roselle graft-copolymers: XRD studies and
their mechanical evaluation after use as reinforcement in composites. Journal of
the Chilean Chemical Society, 57(3), 1262—1266.

Chauhan, A., & Singh, B. (2012). Physical, chemical, thermal, and mechanical
assessments of Roselle-reinforced composites. Journal of Polymer Engineering,
32(2), 127-133. https://doi.org/10.1515/polyeng-2012-0503

Corréa, R. A., Nunes, R. C. R., & Franco Filho, W. Z. (1998). Short fiber reinforced
thermoplastic polyurethane elastomer composites. Polymer Composites, 19(2),
152-155.

Datta, J. (2015). Effect of kenaf fibre modification on morphology and mechanical
properties of thermoplastic polyurethane materials. Industrial Crops and
Products, 74, 566-576. https://doi.org/10.1016/j.indcrop.2015.05.080

De Rosa, I. M., Kenny, J. M., Puglia, D., Santulli, C., & Sarasini, F. (2010).
Morphological, thermal and mechanical characterization of okra (Abelmoschus
esculentus) fibres as potential reinforcement in polymer composites. Composites
Science and Technology, 70(1), 116-122. https://doi.org/10.1016/j.compscitech.
2009.09.013

De Vasconcelos Vieira Lopes, R., Loureiro, N. P. D., Pezzin, A. P. T., Gomes, A. C.
M., Resck, I. S., & Sales, M. J. A. (2013). Synthesis of polyols and polyurethanes
from vegetable oils-kinetic and characterization. Journal of Polymer Research,

115



20(9). https://doi.org/10.1007/s10965-013-0238-x

Denissen, W., Rivero, G., Nicolay, R., Leibler, L., Winne, J. M., & Du Prez, F. E.
(2015). Vinylogous Urethane Vitrimers. Advanced Functional Materials, 25,
2451-2457. https://doi.org/10.1002/adfm.201404553

Edhirej, A., Sapuan, S. M., Jawaid, M., & Zahari, N. I. (2017). Cassava/sugar palm
fiber reinforced cassava starch hybrid composites: physical, thermal and
structural properties. International Journal of Biological Macromolecules, 101,
75-83. https://doi.org/10.1016/j.ijbiomac. 2017.03.045

El-shekeil, Y. A., Sapuan, S. M., Abdan, K., & Zainudin, E. S. (2012). Influence of
fiber content on the mechanical and thermal properties of Kenaf fiber reinforced
thermoplastic polyurethane composites. Materials and Design, 40, 299-303.
https://doi.org/10.1016/j.matdes.2012.04.003

El-Shekeil, Y. A., Sapuan, S. M., & Algrafi, M. W. (2014). Effect of fiber loading on
mechanical and morphological properties of cocoa pod husk fibers reinforced
thermoplastic polyurethane composites. Materials and Design, 64, 330-333.
https://doi.org/10.1016/j.matdes.2014.07.034

El-Shekeil, Y. A., Sapuan, S. M., Jawaid, M., & Al-Shuja’a, O. M. (2014). Influence of
fiber content on mechanical, morphological and thermal properties of kenaf
fibers reinforced poly(vinyl chloride)/thermoplastic polyurethane poly-blend
composites. Materials & Design, 58, 130-135. https://doi.org/10.1016/j.matdes.
2014.01.047

El-Shekeil, Y. A., Sapuan, S. M., Khalina, A., Zainudin, E. S., & Al-Shuja’a, O. M.
(2012). Effect of alkali treatment on mechanical and thermal properties of Kenaf
fiber-reinforced thermoplastic polyurethane composite. Journal of Thermal
Analysis and Calorimetry, 109(3), 1435-1443. https://doi.org/ 10.1007/s10973-
012-2258-x

El-Shekeil, Y. A., Sapuan, S. M., Zainudin, E. S., & Khalina, A. (2011). Optimizing
Processing Parameters and Fiber Size for Kenaf Fiber Reinforced Thermoplastic
Polyurethane Composite. Key Engineering Materials, 471-472, 297-302.
https://doi.org/10.4028/www.scientific.net/ KEM.471-472.297

Elkhaoulani, A., Arrakhiz, F. Z., Benmoussa, K., Bouhfid, R., & Qaiss, A. (2013).
Mechanical and thermal properties of polymer composite based on natural fibers:
Moroccan hemp fibers/polypropylene. Materials & Design, 49, 203-208.
https://doi.org/10.1016/j.matdes.2013.01.063

Essabir, H., Bensalah, M. O., Rodrigue, D., Bouhfid, R., & Qaiss, A. (2016).
Structural, mechanical and thermal properties of bio-based hybrid composites
from waste coir residues: Fibers and shell particles. Mechanics of Materials, 93,
134-144. https://doi.org/10.1016/j.mechmat.2015.10.018

Faruk, O., Bledzki, A. K., Fink, H. P., & Sain, M. (2012). Biocomposites reinforced
with natural fibers: 2000-2010. Progress in Polymer Science, 37(11), 1552-1596.
https://doi.org/10.1016/j.progpolymsci.2012.04.003

Finnigan, B., Martin, D., Halley, P., Truss, R., & Campbell, K. (2004). Morphology
and properties of thermoplastic polyurethane nanocomposites incorporating
hydrophilic layered silicates. Polymer, 45(7), 2249-2260. https://doi.org/
10.1016/j.polymer.2004.01.049

Fiore, V., Di Bella, G., & Valenza, A. (2015). The effect of alkaline treatment on
mechanical properties of kenaf fibers and their epoxy composites. Composites
Part B: Engineering, 68, 14-21. https://doi.org/10.1016/ j.compositesb.
2014.08.025

Fortman, D. J., Brutman, J. P., Cramer, C. J., Hillmyer, M. A., & Dichtel, W. R.
(2015). Mechanically Activated, Catalyst-Free Polyhydroxyurethane Vitrimers.

116



Journal of the American Chemical Society, jacs.5b08084. https://doi.org/10.1021/
jacs.5b08084

Glowinska, E., & Datta, J. (2016). Bio polyetherurethane composites with high content
of natural ingredients: hydroxylated soybean oil based polyol, bio glycol and
microcrystalline cellulose. Cellulose, 23(1), 581-592. https://doi.org/10.1007/
510570-015-0825-6

Goulart, S. A. S., Oliveira, T. A., Teixeira, A., Miléo, P. C., & Mulinari, D. R. (2011).
Mechanical behaviour of polypropylene reinforced palm fibers composites.
Procedia Engineering, 10, 2034-2039. https://doi.org/10.1016/ j.proeng.
2011.04.337

Gupta, M. K., & Srivastava, R. K. (2016). Mechanical, thermal and water absorption
properties of hybrid sisal/jute fiber reinforced polymer composite. Indian Journal
of Engineering and Materials Sciences, 23(4), 231-238.

Gurunathan, T., Mohanty, S., & Nayak, S. K. (2015). A review of the recent
developments in biocomposites based on natural fibres and their application
perspectives. Composites Part A: Applied Science and Manufacturing, 77, 1-25.
https://doi.org/10.1016/j.compositesa.2015.06.007

Hashim, M., Zaidi, A., Mujahid, A., & Ariffin, S. (2015). Plant fiber reinforced
polymer matrix composite: a discussion on composite fabrication and
characterization technique. Eprints.Uthm.Edu.My. Retrieved from http://eprints.
uthm.edu.my/2541/

Hassan, M. M., Mueller, M., & Wagners, M. H. (2008). Exploratory study on seaweed
as novel filler in polypropylene composite. Journal of Applied Polymer Science,
109(2), 1242-1247. https://doi.org/10.1002/app.28287

Hatakeyama, H., Marusawa, T., & Hatakeyama, T. (2011). Soft-type polyurethane
foams derived from molasses. Journal of Materials Science, 46(23), 7475-7481.
https://doi.org/10.1007/s10853-011-5717-z

Hatakeyama, H., Ohsuga, T., & Hatakeyama, T. (2014). Thermogravimetry on wood
powder-filled polyurethane composites derived from lignin. Journal of Thermal
Analysis and Calorimetry, 118(1), 23-30. https://doi.org/10.1007/s10973-014-
3959-0

Hatakeyama, Hyoe, Kato, N., Nanbo, T., & Hatakeyama, T. (2012). Water absorbent
polyurethane composites derived from molasses and lignin filled with
microcrystalline cellulose. Journal of Materials Science, 47(20), 7254-7261.
https://doi.org/10.1007/s10853-012-6674-x

Hatakeyama, Hyoe, Nakayachi, A., & Hatakeyama, T. (2005). Thermal and mechanical
properties of polyurethane-based geocomposites derived from lignin and
molasses. Composites Part A: Applied Science and Manufacturing, 36(5), 698—
704. https://doi.org/10.1016/j.compositesa. 2004.03.022

Hatakeyema, H., Tanamachi, N., Matsumura, H., Hirose, S., & Hatakeyama, T. (2005).
Bio-based polyurethane composite foams with inorganic fillers studied by
thermogravimetry. Thermochimica Acta, 431(1-2), 155-160. https://doi.org/
10.1016/j.tca.2005.01.065

Holbery, J., & Houston, D. (2006). Natural-fiber-reinforced polymer composites in
automotive applications. JOM, 58(11), 80-86. https://doi.org/10.1007/ s11837-
006-0234-2

Husic, S. (2005). Thermal and mechanical properties of glass reinforced soy-based
polyurethane composites. Composites Science and Technology, 65(1), 19-25.
https://doi.org/10.1016/j.compscitech.2004.05.020

Huzaifah, M. R. M., Sapuan, S. M., Leman, Z., & Ishak, M. R. (2017). Comparative
Study on Chemical Composition, Physical, Tensile, and Thermal Properties of

117



Sugar Palm Fiber (Arenga pinnata) Obtained from Different Geographical
Locations. In BioResources (Vol. 12, pp. 9366-9382). https://doi.org/
10.15376/biores.12.4.9366-9382

Huzaifah, M. R. M., Sapuan, S. M., Leman, Z., Ishak, M. R., & Maleque, M. A.
(2017). A review of sugar palm ( Arenga pinnata ): application, fibre
characterisation and composites. Multidiscipline Modeling in Materials and
Structures, 13(4), 678-698. https://doi.org/10.1108/MMMS-12-2016-0064

Idicula, M., Malhotra, S. K., Joseph, K., & Thomas, S. (2005). Dynamic mechanical
analysis of randomly oriented intimately mixed short banana/sisal hybrid fibre
reinforced polyester composites. Composites Science and Technology, 65(7-8),
1077-1087. https://doi.org/10.1016/ j.compscitech.2004.10.023

Idicula, M., Neelakantan, N. R., Oommen, Z., Joseph, K., & Thomas, S. (2005). A
study of the mechanical properties of randomly oriented short banana and sisal
hybrid fiber reinforced polyester composites. Journal of Applied Polymer
Science, 96(5), 1699-1709. https://doi.org/10.1002/app.21636

llyas, R. A., Sapuan, S. M., Ishak, M. R., & Zainudin, E. S. (2017). Effect of
delignification on the physical, thermal, chemical, and structural properties of
sugar palm fibre. In BioResources (Vol. 12, pp. 8734-8754). Cham: Springer
International Publishing. https://doi.org/10.15376/biores. 12.4.8734-8754

llyas, R.A., Sapuan, S. M., & Ishak, M. R. (2018). Isolation and characterization of
nanocrystalline cellulose from sugar palm fibres ( Arenga Pinnata ).
Carbohydrate Polymers, 181, 1038-1051. https://doi.org/10.1016/j.carbpol.
2017.11.045

Ilyas, Rushdan Ahmad, Sapuan, S. M., Ibrahim, R., Abral, H., Ishak, M. R., Zainudin,
E. S., Jumaidin, R. (2019). Sugar palm (Arenga pinnata (Wurmb.) Merr)
cellulosic fibre hierarchy: A comprehensive approach from macro to nano scale.
Journal of Materials Research and Technology, 8(3), 2753-2766.
https://doi.org/10.1016/j.jmrt.2019.04.011

Isa, J. L. D., Mohanty, A. K., Misra, M., & Drzal, L. T. (2004). Biobased polyurethane
and its composite with glass fiber. Journal of Materials Science, 9, 2081-2087.

Ishak, M. R., Sapuan, S. M., Leman, Z., Rahman, M. Z. A., & Anwar, U. M. K. (2012).
Characterization of sugar palm (Arenga pinnata) fibres Tensile and thermal
properties. Thermal Analysis and Calorimetry, 109(2), 981-989. https://doi.org/
10.1007/s10973-011-1785-1

Ishak, M. R., Sapuan, S. M., Leman, Z., Rahman, M. Z. A., Anwar, U. M. K., &
Siregar, J. P. (2013). Sugar palm (Arenga pinnata): Its fibres, polymers and
composites. Carbohydrate Polymers, 91(2), 699-710. https://doi.org/10.1016/
j.carbpol.2012.07.073

lyer, K. A., & Torkelson, J. M. (2014). Green composites of polypropylene and
eggshell: Effective biofiller size reduction and dispersion by single-step
processing with solid-state shear pulverization. Composites Science and
Technology, 102, 152-160. https://doi.org/10.1016/j.compscitech. 2014.07.029

Jawad, M. K. (2013). Investigation of the Compression and Dielectric strength
properties for Epoxy / Polyurethane Blends reinforced with glass fibers, 16(2),
110-114.

Jawaid, M., Abdul Khalil, H. P. S., Noorunnisa Khanam, P., & Abu Bakar, A. (2011).
Hybrid Composites Made from Oil Palm Empty Fruit Bunches/Jute Fibres:
Water Absorption, Thickness Swelling and Density Behaviours. Journal of
Polymers and the Environment, 19(1), 106-109. https://doi.org/10.1007/s10924-
010-0203-2

Jawaid, M., & Khalil, H. P. S. A. (2015). Cellulosic / synthetic fibre reinforced

118



polymer hybrid composites: A review. Carbohydrate Polymers, 86(1), 1-18.
https://doi.org/10.1016/j.carbpol.2011.04.043

Jiang, S., Li, Q., Zhao, Y., Wang, J., & Kang, M. (2015). Effect of surface silanization
of carbon fiber on mechanical properties of carbon fiber reinforced polyurethane
composites. COMPOSITES SCIENCE AND TECHNOLOGY, 110, 87-94.
https://doi.org/10.1016/j.compscitech. 2015.01.022

John, M., & Thomas, S. (2008). Biofibres and biocomposites. Carbohydrate Polymers,
71(3), 343-364. https://doi.org/10.1016/j.carbpol.2007.05.040

Jumaidin, R., Sapuan, S. M., Jawaid, M., Ishak, M. R., & Sahari, J. (2016a).
Characteristics of Thermoplastic Sugar Palm Starch/Agar Blend: Thermal,
Tensile, and Physical Properties. International Journal of Biological
Macromolecules, 89, 575-581. https://doi.org/10.1016/j.ijbiomac. 2016.05.028

Jumaidin, R., Sapuan, S. M., Jawaid, M., Ishak, M. R., & Sahari, J. (2016b). Effect of
seaweed on physical properties of thermoplastic sugar palm starch/agar
composites. Journal of Mechanical Engineering and Sciences, 10(3), 2214-2225.
https://doi.org/10.15282/jmes.10.3.2016.1.0207

Jumaidin, R., Sapuan, S. M., Jawaid, M., Ishak, M. R., & Sahari, J. (2017).
Characteristics of Eucheuma cottonii waste from East Malaysia: physical,
thermal and chemical composition. European Journal of Phycology, 52(2), 200—
207. https://doi.org/10.1080/09670262.2016.1248498

Jumaidin, R, Sapuan, S. M., Jawaid, M., & Ishak, M. R. (2017). Effect of Agar on
Flexural, Impact, and Thermogravimetric Properties of Thermoplastic Sugar
Palm Starch. Current Organic Synthesis, 14(2), 200-205.
https://doi.org/10.2174/1570179413666160921110732

Jumaidin, Ridhwan, Sapuan, S. M., Jawaid, M., Ishak, M. R., & Sahari, J. (2017a).
Effect of seaweed on mechanical, thermal, and biodegradation properties of
thermoplastic sugar palm starch/agar composites. International Journal of
Biological Macromolecules, 99, 265-273. https://doi.org/10.1016/
j.ijbiomac.2017.02.092

Jumaidin, Ridhwan, Sapuan, S. M., Jawaid, M., Ishak, M. R., & Sahari, J. (2017b).
Thermal, mechanical, and physical properties of seaweed/sugar palm fibre
reinforced thermoplastic sugar palm Starch/Agar hybrid composites.
International Journal of Biological Macromolecules, 97, 606-615.
https://doi.org/10.1016/j.ijbiomac.2017.01.079

Junkasem, J., Menges, J., & Supaphol, P. (2006). Mechanical properties of injection-
molded isotactic polypropylene/roselle fiber composites. Journal of Applied
Polymer Science, 101(5), 3291-3300. https://doi.org/10.1002/app.23829

Kabir, M. M., Wang, H., Lau, K. T., & Cardona, F. (2012). Chemical treatments on
plant-based natural fibre reinforced polymer composites: An overview.
Composites Part B: Engineering, 43(7), 2883-2892. https://doi.org/10.1016/
j.compositesb.2012.04.053

Kaewkuk, S., Sutapun, W., & Jarukumjorn, K. (2013). Effects of interfacial
modification and fiber content on physical properties of sisal fiber/polypropylene
composites.  Composites Part B:  Engineering, 45(1), 544-549.
https://doi.org/10.1016/j.compositesb.2012.07.036

Kalia, S., Kaith, B. S., & Kaur, I. (2009). Pretreatments of natural fibers and their
application as reinforcing material in polymer composites-A review. Polymer
Engineering & Science, 49(7), 1253-1272. https://doi.org/ 10.1002/pen.21328

Kasim, A. N., Selamat, M. Z., Aznan, N., Sahadan, S. N., Mohd Daud, M. A,
Jumaidin, R., & Salleh, S. (2015). Effect of Pineapple Leaf Fiber Loading on The
Mechanical Properties of Pineapple Leaf Fiber — Polypropylene Composite.

119



Jurnal Teknologi, 77(21), 117-123. https://doi.org/10.11113/ jt.v77.6617

Kaymakci, A., Gulec, T., Hosseinihashemi, S. K., & Ayrilmis, N. (2017). Physical,
mechanical and thermal properties of wood/zeolite/plastic hybrid composites.
Maderas. Ciencia y Tecnologia, 19(ahead), 339-348. https://doi.org/
10.4067/S0718-221X2017005000029

Kim, J., Shim, B. S., Kim, H. S., Lee, Y., Min, S., Jang, D., ... Kim, J. (2015). Review
of Nanocellulose for Sustainable Future Materials. International Journal of
Precision Engineering and Manufacturing-Green Technology, 2(2), 197-213.
https://doi.org/10.1007/s40684-015-0024-9

Kong, X., Liu, G., Qi, H., & Curtis, J. M. (2013). Preparation and characterization of
high-solid polyurethane coating systems based on vegetable oil derived polyols.
Progress in Organic Coatings, 76(9), 1151-1160.
https://doi.org/10.1016/j.porgcoat.2013.03.019

Ku, H., Wang, H., Pattarachaiyakoop, N., & Trada, M. (2011). A review on the tensile
properties of natural fiber reinforced polymer composites. Composites Part B:
Engineering, 42(4), 856-873. https://doi.org/10.1016/ j.compositesb.2011.01.010

Kuan, H.-C., Ma, C.-C. M., Chang, W.-P., Yuen, S.-M., Wu, H.-H., & Lee, T.-M.
(2005). Synthesis, thermal, mechanical and rheological properties of multiwall
carbon nanotube/waterborne polyurethane nanocomposite. Composites Science
and Technology, 65(11-12), 1703-1710. https://doi.org/10.1016/j.compscitech.
2005.02.017

Kuranska, M., & Prociak, A. (2012). Porous polyurethane composites with natural
fibres. Composites Science and Technology, 72(2), 299-304. https://doi.org/
10.1016/j.compscitech.2011.11.016

Lee, N., Kwon, O.-J., Chun, B. C., Cho, J. W., & Park, J.-S. (2009). Characterization of
castor oil/polycaprolactone polyurethane biocomposites reinforced with hemp
fibers. Fibers and Polymers, 10(2), 154-160. https://doi.org/10.1007/s12221-
009-0154-1

Li, D.-X., Deng, X., Wang, J., Yang, J., & Li, X. (2010). Mechanical and tribological
properties of polyamide 6—polyurethane block copolymer reinforced with short
glass fibers. Wear, 269(3-4), 262-268. https://doi.org/10.1016/j.wear.
2010.04.004

Lomeli Ramirez, M. G., Satyanarayana, K. G., lwakiri, S., De Muniz, G. B., Tanobe,
V., & Flores-Sahagun, T. S. (2011). Study of the properties of biocomposites.
Part I. Cassava starch-green coir fibers from Brazil. Carbohydrate Polymers,
86(4), 1712-1722. https://doi.org/10.1016/ j.carbpol.2011.07.002

M. J. M. Ridzuan, M. S. Abdul Majid, K. Azduwin, and M. H. S. (2018). The effect of
alkali treatment on tensile properties of coir/polypropylene biocomposite. IOP
Conference Series: Materials Science and Engineering, 368(1), 1-5.
https://doi.org/10.1088/1757-899X/368/1/012048

Ma, Z., Pan, G., Xu, H., Huang, Y., & Yang, Y. (2015). Cellulosic fibers with high
aspect ratio from cornhusks via controlled swelling and alkaline penetration.
Carbohydrate Polymers, 124, 50-56. https://doi.org/10.1016/ j.carbpol.
2015.02.008

Manickam, C., Kumar, J., Athijayamani, A., & Easter Samuel, J. (2015). Effect of
various water immersions on mechanical properties of roselle fiber-vinyl ester
composites. Polymer Composites, 36(9), 1638-1646. https://doi.org/10.1002/
pc.23072

Manikandan Nair, K. C., Thomas, S., & Groeninckx, G. (2001). Thermal and dynamic
mechanical analysis of polystyrene composites reinforced with short sisal fibres.
Composites Science and Technology, 61(16), 2519-2529. https://doi.org/10.1016/

120



S0266-3538(01)00170-1

Mastura, M. T., Sapuan, S. M., Mansor, M. R., & Nuraini, A. A. (2017).
Environmentally conscious hybrid bio-composite material selection for
automotive anti-roll bar. International Journal of Advanced Manufacturing
Technology, 89(5-8), 2203-2219. https://doi.org/10.1007/s00170-016-9217-9

Mavani, S. I., Mehta, N. M., & Parsania, P. H. (2006). Synthesis and physicochemical
study of bisphenol-C-formaldehyde-toluene diisocyanate polyurethane—jute and
jute—rice husk/wheat husk composites. Journal of Applied Polymer Science,
101(4), 2363-2370. https://doi.org/10.1002/ app.23853

Merlini, C., Soldi, V., & Barra, G. M. O. (2011). Influence of fiber surface treatment
and length on physico-chemical properties of short random banana fiber-
reinforced castor oil polyurethane composites. Polymer Testing, 30(8), 833-840.
https://doi.org/10.1016/j.polymertesting.2011.08.008

Mohammed, L., Ansari, M. N. M., Pua, G., Jawaid, M., & Islam, M. S. (2015). A
Review on Natural Fiber Reinforced Polymer Composite and Its Applications.
International Journal of Polymer Science, 2015, 1-15. https://doi.org/10.1155/
2015/243947

Mohanty, A. K., Misra, M., & Hinrichsen, G. (2000). Biofibres, biodegradable
polymers and biocomposites: An overview. Macromolecular Materials and
Engineering,  276-277, 1-24.  https://doi.org/10.1002/(SICI)1439-2054
(20000301)276:1

Mondal, S., & Martin, D. (2012). Hydrolytic degradation of segmented polyurethane
copolymers for biomedical applications. Polymer Degradation and Stability,
97(8), 1553-1563. https://doi.org/10.1016/j.polymdegradstab. 2012.04.008

Mosiewicki, M. A., & Aranguren, M. I. (2013). A short review on novel biocomposites
based on plant oil precursors. European Polymer Journal, 49(6), 1243-1256.
https://doi.org/10.1016/j.eurpolymj.2013.02.034

Mothé, C G, Araujo, C. R. De, Oliveira, M. A. De, & Yoshida, M. I. (2002). Thermal
Decomposition Kinetics of Polyurethane-Composites With Bagasse of Sugar
Cane. Journal Of Thermal Analysis, 67, 305-312.

Mothé, Cheila G., Araujo, C. R., & Wang, S. H. (2008). Thermal and mechanical
characteristics of polyurethane/curaua fiber composites. Journal of Thermal
Analysis and Calorimetry, 95(1), 181-185. https://doi.org/10.1007/s10973-008-
9091-2

Mwaikambo, L. Y., & Ansell, M. P. (2002). Chemical modification of hemp, sisal,
jute, and kapok fibers by alkalization. Journal of Applied Polymer Science,
84(12), 2222-2234. https://doi.org/10.1002/app.10460

Nadlene, R., Sapuan, S. M., Jawaid, M., & Ishak, M. R. (2015). Mercerization Effect
on Morphology and Tensile Properties of Roselle Fibre. Applied Mechanics and
Materials, 754-755, 955-959. https://doi.org/10.4028/www.scientific.net/ AMM.
754-755.955

Nadlene, R., Sapuan, S. M., Jawaid, M., Ishak, M. R., & Yusriah, L. (2015). Material
Characterization of Roselle Fibre ([i]Hibiscus sabdariffa [/i]L.) as Potential
Reinforcement Material for Polymer Composites. Fibres and Textiles in Eastern
Europe, 23(6(114)), 23-30. https://doi.org/10.5604/ 12303666.1167413

Nadlene, R., Sapuan, S. M., Jawaid, M., Ishak, M. R., & Yusriah, L. (2016a). A
Review on Roselle Fiber and Its Composites. Journal of Natural Fibers, 13(1),
10-41. https://doi.org/10.1080/15440478.2014.984052

Nadlene, R., Sapuan, S. M., Jawaid, M., Ishak, M. R., & Yusriah, L. (2016b). The
effects of chemical treatment on the structural and thermal, physical, and
mechanical and morphological properties of roselle fiber-reinforced vinyl ester

121



composites. Polymer Composites, 39(1), 274-287. https://doi.org/10.1002/
pc.23927

Nakagaito, A. N., & Yano, H. (2008). Toughness enhancement of cellulose
nanocomposites by alkali treatment of the reinforcing cellulose nanofibers.
Cellulose, 15(2), 323-331. https://doi.org/10.1007/s10570-007-9168-2

Nam, T. H., Ogihara, S., Tung, N. H., & Kobayashi, S. (2011). Effect of alkali
treatment on interfacial and mechanical properties of coir fiber reinforced
poly(butylene succinate) biodegradable composites. Composites Part B:
Engineering, 42(6), 1648-1656. https://doi.org/10.1016/j.compositesh.2011.
04.001

Navaneethakrishnan, S., & Athijayamani, A. (2016). Mechanical Properties and
absorption behavior of CSP Filled Roselle Fiber Reinforced Hybrid Composites.
Materials and Environment Science, 7(5), 1674—-1680.

Njuguna, J., Wambua, P., & Pielichowski, K. (2011). Cellulose Fibers: Bio- and Nano-
Polymer Composites. (S. Kalia, B. S. Kaith, & I. Kaur, Eds.). Berlin, Heidelberg:
Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-642-17370-7

Nohra, B., Candy, L., Blanco, J. F., Guerin, C., Raoul, Y., & Mouloungui, Z. (2013).
From petrochemical polyurethanes to biobased polyhydroxyurethanes.
Macromolecules, 46(10), 3771-3792. https://doi.org/ 10.1021/ma400197¢

Noor Azammi, A. M., Sapuan, S. M., Ishak, M. R., & Sultan, M. T. H. (2018).
Mechanical properties of kenaf fiber thermoplastic polyurethane-natural rubber
composites. Polimery, 63(7/8), 524-530. https://doi.org/10.14314/ polimery.
2018.7.6

Noreen, A., Zia, K. M., Zuber, M., Tabasum, S., & Zahoor, A. F. (2016). Bio-based
polyurethane: An efficient and environment friendly coating systems: A review.
Progress in Organic Coatings, 91, 25-32. https://doi.org/10.1016/j.porgcoat.
2015.11.018

Nunna, S., Chandra, P. R., Shrivastava, S., & Jalan, a. (2012). A review on mechanical
behavior of natural fiber based hybrid composites. Journal of Reinforced Plastics
and Composites, 31(11), 759-769. https://doi.org/10.1177/0731684412444325

Oushabi, A., Sair, S., Abboud, Y., Tanane, O., & Bouari, A. El. (2017). An
experimental investigation on morphological, mechanical and thermal properties
of date palm particles reinforced polyurethane composites as new ecological
insulating materials in building. Case Studies in Construction Materials,
7(February), 128-137. https://doi.org/10.1016/j.cscm. 2017.06.002

Ozturk, S. (2010). Effect of Fiber Loading on the Mechanical Properties of Kenaf and
Fiberfrax Fiber-reinforced Phenol-Formaldehyde Composites. Composite
Materials, 44(19), 2265-2288. https://doi.org/10.1177/ 0021998310364265

Pai, A. R., & Jagtap, R. N. (2015). Surface Morphology & Mechanical properties of
some unique Natural Fiber Reinforced Polymer Composites- A Review.
Materials and Environment Science, 6(4), 902-917.

Pandya, K. S., Veerraju, C., & Naik, N. K. (2011). Hybrid composites made of carbon
and glass woven fabrics under quasi-static loading. Materials and Design, 32(7),
4094-4099. https://doi.org/10.1016/j.matdes.2011.03.003

Panthapulakkal, S., & Sain, M. (2007). Studies on the Water Absorption Properties of
Short Hemp—Glass Fiber Hybrid Polypropylene Composites. Journal of
Composite Materials, 41(15), 1871-1883. https://doi.org/10.1177/
0021998307069900

Pattanayak, A., & Jana, S. C. (2005). Thermoplastic polyurethane nanocomposites of
reactive silicate clays: Effects of soft segments on properties. Polymer, 46(14),
5183-5193. https://doi.org/10.1016/j.polymer.2005.04.035

122



Pothan, L. A., Mai, Y. W., Thomas, S., & Li, R. K. Y. (2008). Tensile and flexural
behavior of sisal fabric/polyester textile composites prepared by resin transfer
molding technique. Journal of Reinforced Plastics and Composites, 27(16-17),
1847-1866. https://doi.org/10.1177/0731684408090342

Pradhan, S. K., Dwarakadasa, E. S., & Reucroft, P. J. (2004). Processing and
characterization of coconut shell powder filled UHMWPE. Materials Science
and Engineering A, 367, 57-62. https://doi.org/10.1016/ j.msea.2003.09.065

Praveen, V., Saran, C., Sasikumar, M., Praveen, K., Manickam, P. C., & Kumarasamy,
M. (2016). Study of mechanical behaviour of natural hybrid fibre reinforced
polymer matrix composite by using Roselle and Luffa fibre Abstract:
International Journal for Innovative Research in Science & Technology, 1V, 99—
105.

Qu, W.-Q., Xia, Y.-R., Jiang, L.-J., Zhang, L.-W., & Hou, Z.-S. (2015). Synthesis and
characterization of a new biodegradable polyurethanes with good mechanical
properties. Chinese Chemical Letters, 4—7. https://doi.org/10.1016/j.cclet.2015.
07.018

Quirino, R., da Silva, T., Payne, A., de V. V. Lopes, R., Paterno, L., & Sales, M.
(2015). Synthesis and Thermomechanical Properties of Polyurethanes and
Biocomposites Derived from Macauba Oil and Coconut Husk Fibers. Coatings,
5(3), 527-544. https://doi.org/10.3390/coatings5030527

Radzi, A. M., Sapuan, S. M., Jawaid, M., & Mansor, M. R. (2017). Influence of fibre
contents on mechanical and thermal properties of roselle fibre reinforced
polyurethane  composites. Fibers and Polymers, 18(7), 1353-1358.
https://doi.org/10.1007/s12221-017-7311-8

Radzi, A. M., Sapuan, S. M., Jawaid, M., & Mansor, M. R. (2018a). Mechanical and
Thermal Performances of Roselle Fiber-Reinforced Thermoplastic Polyurethane
Composites. Polymer-Plastics Technology and Engineering, 57(7), 601-608.
https://doi.org/10.1080/03602559.2017.1332206

Radzi, A. M., Sapuan, S. M., Jawaid, M., & Mansor, M. R. (2018b). Mechanical
Performance of Roselle/Sugar Palm Fiber Hybrid Reinforced Polyurethane
Composites. BioResources, 13(3), 6238-6249. https://doi.org/10.15376/
biores.13.3.6238-6249

Radzi Ali, M., Salit, M. S., Jawaid, M., Mansur, M. R., & Manap, M. F. A. (2017).
Polyurethane-Based Biocomposites. Polyurethane Polymers: Composites and
Nanocomposites. Elsevier Inc. https://doi.org/10.1016/ B978-0-12-804065-
2.00018-8

Ramanaiah, K., Ratna Prasad, A. V., & Hema Chandra Reddy, K. (2012). Effect of
fiber loading on mechanical properties of borassus seed shoot fiber reinforced
polyester composites. Journal of Materials and Environmental Science, 3(2),
374-378.

Ramesh, M., Palanikumar, K., & Reddy, K. H. (2013). Comparative evaluation on
properties of hybrid glass fiber-sisal/jute reinforced epoxy composites. Procedia
Engineering, 51, 745-750. https://doi.org/10.1016/j.proeng. 2013.01.106

Ramu, P., & Sakthivel, G. V. R. (2013). Preparation and Characterization of Roselle
Fibre Polymer Reinforced Composites. International Science and Research
Journals, 1(1), 28-32.

Rashid, B., Leman, Z., Jawaid, M., Ghazali, M. J., & Ishak, M. R. (2016). The
mechanical performance of sugar palm fibres (ijuk) reinforced phenolic
composites. International Journal of Precision Engineering and Manufacturing,
17(8), 1001-1008. https://doi.org/10.1007/s12541-016-0122-9

Razali, N., Salit, M. S., Jawaid, M., Ishak, M. R., & Lazim, Y. (2015). A study on

123



chemical composition, physical, tensile, morphological, and thermal properties of
roselle fibre: Effect of fibre maturity. BioResources, 10(1), 1803-1823.

Ribeiro, V., Mosiewicki, M. A., Irene, M., Coelho, M., Stefani, P. M., & Marcovich, N.
E. (2013). Polyurethane foams based on modi fi ed tung oil and reinforced with
rice husk ash I: Synthesis and physical chemical characterization. Polymer
Testing, 32(2), 438-445. https://doi.org/10.1016/ j.polymertesting.2013.01.002

Ridzuan, M. J. M., Abdul Majid, M. S., Hafis, S. M., & Azduwin, K. (2017). The
effects of alkali treatment on the mechanical and morphological properties of
Pennisetum purpureum/glass-reinforced epoxy hybrid composites. Plastics,
Rubber and Composites, 46(10), 421-430. https://doi.org/10.1080/ 14658011.
2017.1368966

Rout, J., Tripathy, S., Misra, M., & Mohanty, A. (2001). The influence of fiber surface
modification on the mechanical properties of coir-polyester composites. Polymer
Composites, 22(4), 468-476. https://doi.org/10.1002/ pc.10552

Rozman, H. ., Tay, G. ., Abubakar, A., & Kumar, R. . (2001). Tensile properties of oil
palm empty fruit bunch—polyurethane composites. European Polymer Journal,
37(9), 1759-1765. https://doi.org/10.1016/S0014-3057(01)00063-5

Rozman, H. D., Tay, G. S., Kumar, R. N., Abusamah, A., Ismail, H., & Mohd. Ishak,
Z. A. (2001). Polypropylene-oil palm empty fruit bunch-glass fibre hybrid
composites: A preliminary study on the flexural and tensile properties. European
Polymer Journal, 37(6), 1283-1291. https://doi.org/10.1016/S0014-3057(00)
00243-3

Russo, P., Lavorgna, M., Piscitelli, F., Acierno, D., & Maio, L. Di. (2013).
Thermoplastic polyurethane films reinforced with carbon nanotubes : The effect
of processing on the structure and mechanical properties. European Polymer
Journal, 49(2), 379-388. https://doi.org/10.1016/j.eurpolymj. 2012.11.008

Saba, N., Paridah, M. T., Abdan, K., & Ibrahim, N. A. (2016). Physical, structural and
thermomechanical properties of oil palm nano filler/kenaf/epoxy hybrid
nanocomposites.  Materials Chemistry and  Physics, 184, 64-71.
https://doi.org/10.1016/j.matchemphys.2016.09.026

Saba, Naheed, Tahir, P., & Jawaid, M. (2014). A Review on Potentiality of Nano
Filler/Natural Fiber Filled Polymer Hybrid Composites. Polymers, 2247-2273.
https://doi.org/10.3390/polym6082247

Saha, S., Saha, U., Singh, J. P., & Goswami, T. H. (2012). Thermal and mechanical
properties of homogeneous ternary nanocomposites of regioregular poly(3-
hexylthiophene)-wrapped  multiwalled carbon nanotube dispersed in
thermoplastic polyurethane: Dynamic- and thermomechanical analysis. Journal
of Applied Polymer Science, 128(3), 2109-2120. https://doi.org/10.1002/
app.38397

Sahari, J., Sapuan, S. M., Ismarrubie, Z. N., & Rahman, M. Z. A. (2011). Comparative
Study of Physical Properties Based on Different Parts of Sugar Palm Fibre
Reinforced Unsaturated Polyester Composites. Key Engineering Materials, 471—
472, 455-460. https://doi.org/10.4028/www.scientific.net/ KEM.471-472.455

Sahari, J., Sapuan, S. M., Zainudin, E. S., & Maleque, M. A. (2013). Mechanical and
thermal properties of environmentally friendly composites derived from sugar
palm tree. Materials and Design, 49, 285-289. https://doi.org/
10.1016/j.matdes.2013.01.048

Salit, M. S., Jawaid, M., Bin, N., & Hoque, E. (2015). Manufacturing of Natural Fibre
Reinforced Polymer Composites. (M. S. Salit, M. Jawaid, N. Bin Yusoff, & M. E.
Hoque, Eds.), Springer International Publishing Switzerland 2015. Cham:
Springer International Publishing. https://doi.org/10.1007/978-3-319-07944-8

124



Sanjay, M. R., Arpitha, G. R., & Yogesha, B. (2015). Study on Mechanical Properties
of Natural - Glass Fibre Reinforced Polymer Hybrid Composites: A Review.
Materials Today: Proceedings, 2(4-5), 2959-2967. https://doi.org/10.1016/
j.matpr.2015.07.264

Sapuan, S. M., Pua, F., El-Shekeil, Y. A., & AL-Ogla, F. M. (2013). Mechanical
properties of soil buried kenaf fibre reinforced thermoplastic polyurethane
composites. Materials & Design, 50, 467-470. https://doi.org/10.1016/ j.matdes.
2013.03.013

Sareena, C., Ramesan, M. T., & Purushothaman, E. (2012). Utilization of peanut shell
powder as a novel filler in natural rubber. Journal of Applied Polymer Science,
125(3), 2322-2334. https://doi.org/10.1002/app.36468

Sastra, H. Y., Siregar, J. P., Sapuan, S. M., & Hamdan, M. M. (2006). Tensile
Properties of Arenga pinnata Fiber-Reinforced Epoxy Composites. Polymer-
Plastics Technology and Engineering, 45(1), 149-155. https://doi.org/
10.1080/03602550500374038

Sathishkumar, T., Naveen, J., & Satheeshkumar, S. (2014). Hybrid fiber reinforced
polymer composites - a review. Journal of Reinforced Plastics and Composites,
33(5), 454-471. https://doi.org/10.1177/ 0731684413516393

Sathishkumar, T. P., Navaneethakrishnan, P., Shankar, S., & Rajasekar, R. (2014).
Mechanical properties and water absorption of short snake grass fiber reinforced
isophthallic polyester composites. Fibers and Polymers, 15(9), 1927-1934.
https://doi.org/10.1007/s12221-014-1927-8

Saw, S. K., Sarkhel, G., & Choudhury, A. (2012). Preparation and characterization of
chemically modified Jute-Coir hybrid fiber reinforced epoxy novolac composites.
Journal of Applied Polymer Science, 125(4), 3038-3049. https://doi.org/
10.1002/app.36610

Senthil Kumar, K., Siva, I., Rajini, N., Winowlin Jappes, J. T., & Amico, S. C. (2016).
Layering pattern effects on vibrational behavior of coconut sheath/banana fiber
hybrid composites. Materials and Design, 90, 795-803.
https://doi.org/10.1016/j.matdes.2015.11.051

SHARMA, N. (2012). Thermoplastic Polyurethane-Glass Fibre Mat Reinforced
Composite: Effect of Alternative Multilayer Sandwich Model on. Materials
Science and Engineering (IJMMSE), 2(3), 42-52. https://doi.org/10.13140/
2.1.1591.1361

Sharma, N. K., & Kumar, V. (2013). Studies on properties of banana fiber reinforced
green composite. Journal of Reinforced Plastics and Composites, 32(8), 525—
532. https://doi.org/10.1177/0731684412473005

Sharmin, E., & Zafar, F. (2012). Polyurethane. (F. Zafar, Ed.), Polyurethane. InTech.
https://doi.org/10.5772/2416

Shibata, S., Cao, Y., & Fukumoto, I. (2005). Press forming of short natural fiber-
reinforced biodegradable resin: Effects of fiber volume and length on flexural
properties. Polymer  Testing, 24(8), 1005-1011. https://doi.org/
10.1016/j.polymertesting.2005.07.012

Siakeng, R., Jawaid, M., Ariffin, H., & Sapuan, S. M. (2018). Physical properties of
coir and pineapple leaf fibre reinforced polylactic acid hybrid composites. IOP
Conference Series: Materials Science and Engineering, 290(1), 1-6.
https://doi.org/10.1088/1757-899X/290/1/012031

Silva, J., Andrade, R., Huang, R., Liu, J., Cox, M., & Maia, J. M. (2015). Rheological
behavior and structure development in thermoplastic polyurethanes under
uniaxial extensional flow. Journal of Non-Newtonian Fluid Mechanics, 222, 96—
103. https://doi.org/10.1016/j.jnnfm.2014.09.005

125



Singh, N. P., Aggarwal, L., & Gupta, V. K. (2015). Tensile Behavior of Sisal/Hemp
Reinforced High Density Polyethylene Hybrid Composite. Materials Today:
Proceedings, 2(4-5), 3140-3148. https://doi.org/10.1016/ j.matpr.2015.07.102

Singha, A. S., & Thakur, V. K. (2008). Effect of fibre loading on urea-formaldehyde
matrix based green composites. Iranian Polymer Journal, 17(11), 861-873.

Sreenivasan, V. S., Ravindran, D., Manikandan, V., & Narayanasamy, R. (2011).
Mechanical properties of randomly oriented short Sansevieria cylindrica
fibre/polyester composites. Materials and Design, 32(4), 2444-2455,
https://doi.org/10.1016/j.matdes.2010.11.042

Sullins, T., Pillay, S., Komus, A., & Ning, H. (2017). Hemp fiber reinforced
polypropylene composites: The effects of material treatments. Composites Part
B: Engineering, 114, 15-22. https://doi.org/10.1016/j.compositesh. 2017.02.001

Suvangshu Dutta, Niranjan Karak, S. B. (2009). Jute-Fiber-Reinforced Polyurethane
Green Composites Based on Mesua ferrea L. Seed Oil. Journal of Applied
Physics, 115, 845-850. https://doi.org/10.1002/app

Tant, M. R., McManus, H. L. N., & Rogers, M. E. (1995). High-Temperature
Properties and Applications of Polymeric Materials - An Overview. ACS Sympos.
Series, 603, 1-20. https://doi.org/10.1021/bk-1995-0603

Tawakkal, 1. S. M. A., Cran, M. J., & Bigger, S. W. (2014). Effect of kenaf fibre
loading and thymol concentration on the mechanical and thermal properties of
PLA/kenaf/thymol composites. Industrial Crops and Products, 61, 74-83.
https://doi.org/10.1016/j.indcrop.2014.06.032

Tay, G.-S., Nanbo, T., Hatakeyama, H., & Hatakeyama, T. (2011). Polyurethane
composites derived from glycerol and molasses polyols filled with oil palm
empty fruit bunches studied by TG and DMA. Thermochimica Acta, 525(1-2),
190-196. https://doi.org/10.1016/j.tca.2011.08.012

Thiruchitrambalam, M., Alavudeen, A., & Venkateshwaran, N. (2012). Review on
kenaf fiber composites. Reviews on Advanced Materials Science, 32(2), 106-112.
https://doi.org/10.1016/j.compositesb.2012.04.068

Threepopnatkul, P., Kaerkitcha, N., & Athipongarporn, N. (2009). Effect of surface
treatment on performance of pineapple leaf fiber-polycarbonate composites.
Composites Part B: Engineering, 40(7), 628-632. https://doi.org/10.1016/
j.compositesh.2009.04.008

U.S. Environmental Protection Agency. (1993). AP 42, Fifth Edition, Volume I
Chapter 6.9: Organic Chemical Process Industry, Synthetic Fibers, 90.

Valadez-Gonzalez, a., Cervantes-Uc, J. M., Olayo, R., & Herrera-Franco, P. J. (1999).
Effect of fiber surface treatment on the fiber—matrix bond strength of natural
fiber reinforced composites. Composites Part B: Engineering, 30(3), 309-320.
https://doi.org/10.1016/S1359-8368(98)00054-7

Van de Weyenberg, 1., Ivens, J., De Coster, A., Kino, B., Baetens, E., & Verpoest, I.
(2003). Influence of processing and chemical treatment of flax fibres on their
composites. Composites Science and Technology, 63(9), 1241-1246.
https://doi.org/10.1016/S0266-3538(03)00093-9

Venkateshwaran, N., ElayaPerumal, A., Alavudeen, A., & Thiruchitrambalam, M.
(2011). Mechanical and water absorption behaviour of banana/sisal reinforced
hybrid ~ composites. Materials &  Design,  32(7), 40174021
https://doi.org/10.1016/j.matdes.2011.03.002

Wan Busu, W. N., Anuar, H., Ahmad, S. H., Rasid, R., & Jamal, N. A. (2010). The
Mechanical and Physical Properties of Thermoplastic Natural Rubber Hybrid
Composites Reinforced with Hibiscus cannabinus , L and Short Glass Fiber.
Polymer-Plastics  Technology and Engineering, 49(13), 1315-1322.

126



https://doi.org/10.1080/03602559.2010.496408

Wilberforce, S., & Hashemi, S. (2009). Effect of fibre concentration, strain rate and
weldline on mechanical properties of injection-moulded short glass fibre
reinforced thermoplastic polyurethane. Journal of Materials Science, 44(5),
1333-1343. https://doi.org/10.1007/s10853-008-3233-6

Xie, Y., Hill, C. A. S., Xiao, Z., Militz, H., & Mai, C. (2010). Silane coupling agents
used for natural fiber/polymer composites: A review. Composites Part A: Applied
Science and Manufacturing, 41(7), 806-819. https://doi.org/10.1016/
j.compositesa.2010.03.005

Y A EL-SHEKEIL, SMSAPUAN, K ABDAN, E. S. Z. and O.-S. (2012). Effect of
pMDI isocyanate additive on mechanical and thermal properties of Kenaf fibre
reinforced thermoplastic polyurethane composites Y. Bull. Mater. Sci, 35(7),
1151-1155. https://doi.org/10.1016/j.matdes.2012.04.003

Yahaya, R., Sapuan, S. M., Jawaid, M., Leman, Z., & Zainudin, E. S. (2014).
Mechanical performance of woven kenaf-Kevlar hybrid composites. Journal of
Reinforced Plastics and Composites, 33(24), 2242—-2254. https://doi.org/10.1177/
0731684414559864

Yahaya, R., Sapuan, S. M., Jawaid, M., Leman, Z., & Zainudin, E. S. (2015). Effect of
fibre orientations on the mechanical properties of kenaf-aramid hybrid
composites for spall-liner application. Defence Technology, 12(1), 52-58.
https://doi.org/10.1016/j.dt.2015.08.005

Yan, L., Chouw, N., & Yuan, X. (2012). Improving the mechanical properties of
natural fibre fabric reinforced epoxy composites by alkali treatment. Journal of
Reinforced Plastics and Composites, 31(6), 425-437.
https://doi.org/10.1177/0731684412439494

Yang, H., Yan, R., Chen, H., Lee, D. H., & Zheng, C. (2007). Characteristics of
hemicellulose, cellulose and lignin pyrolysis. Fuel, 86(12-13), 1781-1788.
https://doi.org/10.1016/j.fuel.2006.12.013

Yeganeh, H., & Shamekhi, M. A. (2004). Poly(urethane-imide-imide), a new
generation of thermoplastic polyurethane elastomers with enhanced thermal
stability. Journal Polymer, 45, 359-365. https://doi.org/10.1016/j.polymer.
2003.11.006

Yu, L. Yu,, Shen, H. M., & Xu, Z. L. (2009). PVDF-TiO2 Composite Hollow Fiber
Ultrafiltration Membranes Prepared by TiO2 Sol-Gel Method and Blending
Method. Journal of Applied Physics, 113, 1763-1772. https://doi.org/
10.1002/app

Zainuddin, S. Y. Z., Ahmad, |., Kargarzadeh, H., Abdullah, I., & Dufresne, A. (2013).
Potential of using multiscale kenaf fibers as reinforcing filler in cassava starch-
kenaf  biocomposites.  Carbohydrate  Polymers, 92(2), 2299-2305.
https://doi.org/10.1016/j.carbpol.2012.11.106

Zhang, C., Wu, H., & Kessler, M. R. K. (2015). High bio-content polyurethane
composites with urethane modified lignin as filler. Polymer (United Kingdom),
69(1), 52-57. https://doi.org/10.1016/j.polymer.2015.05.046

Zhao, G., Wang, T., & Wang, Q. (2011). Friction and wear behavior of the
polyurethane composites reinforced with potassium titanate whiskers under dry
sliding and water lubrication. Journal of Materials Science, 46(20), 6673-6681.
https://doi.org/10.1007/s10853-011-5620-7

Zia, F., Zia, K. M., Zuber, M., Kamal, S., & Aslam, N. (2015). Starch based
polyurethanes : A critical review updating recent literature. Carbohydrate
Polymers, 134, 784-798. https://doi.org/10.1016/j.carbpol.2015.08.034

Zia, K. M., Bhatti, H. N., & Bhatti, 1. A. (2007). Methods for polyurethane and

127



polyurethane composites , recycling and recovery: A review. Reactive &
Functional Polymers, 67, 675-692. https://doi.org/10.1016/j.reactfunctpolym.
2007.05.004

Zia, K. M., Zia, F., Zuber, M., Rehman, S., & Ahmad, M. N. (2015). International
Journal of Biological Macromolecules Alginate based polyurethanes: A review
of recent advances and perspective. International Journal of Biological
Macromolecules, 79, 377-387. https://doi.org/10.1016/ j.ijbiomac.2015.04.076

128



BIODATA OF STUDENT

The student Mohd Radzi bin Ali was born on the 27" February 1981in Ipoh, Perak. He
received his early primary education in 1993 at Sekolah Rendah Kebangsaan
Senawang, Seremban, Negeri Sembilan and complete his secondary school in 1998 at
Sekolah Menengah Senawang, Seremban, Negeri Sembilan. Then, he proceed to
pursue his Diploma in Mechanical Engineering in 2002 at Politeknik Sultan Salahuddin
Abdul Aziz Shah, Shah Alam, Selangor. Then, proceed to pursue his Bachelor’s
Degree in Metallurgy Engineering in 2007 and Master of Science Material Engineering
in 2014 at Universiti Malaysia Perlis (UniMAP), Perlis. Thereafter, he served at
Samsung Display Energy Malaysia Sdn. Bhd, Seremban as production engineer from
2012-2015. In 2015, he started his PhD study in the field of Technology Biocomposites
at Institute of Tropical Forestry and Forest Products (INTROP), Universiti Putra
Malaysia (UPM).

135



LIST OF PUBLICATIONS

Radzi, A. M., Sapuan, S. M., Jawaid, M., & Mansor, M. R. (2018b). Mechanical
Performance of Roselle/Sugar Palm Fiber Hybrid Reinforced Polyurethane
Composites. BioResources, 13(3), 6238-6249.

Radzi, A. M., Sapuan, S. M., Jawaid, M., & Mansor, M. R. (2017). Influence of fibre
contents on mechanical and thermal properties of roselle fibre reinforced
polyurethane composites. Fibers and Polymers, 18(7), 1353-1358.

Radzi, A. M., Sapuan, S. M., Jawaid, M., & Mansor, M. R. (2018a). Mechanical and
Thermal Performances of Roselle Fiber-Reinforced Thermoplastic Polyurethane
Composites. Polymer-Plastics Technology and Engineering, 57(7), 601-608.

Radzi, A. M., Sapuan, S. M., Jawaid, M., & Mansor, M. R. (2019). Effect of Alkaline
Treatment on Mechanical, Physical and Thermal Properties of Roselle/Sugar Palm
Fiber Reinforced Thermoplastic Polyurethane Hybrid Composites. Fibers and
Polymers, 20(4), 847-855

Radzi, A. M., Sapuan, S. M., Jawaid, M., & Mansor, M. R. (2019). Water absorption,
thickness swelling and thermal properties of roselle/sugar palm fibre reinforced
thermoplastic polyurethane hybrid composites. Journal of Materials Research and
Technology. 8(5), 3988-3994.

Proceedings/ Conference

Radzi, A. M., Sapuan, S. M., Jawaid, M., & Mansor, M. R.. Mechanical Properties of
Roselle Fibre Reinforced Polymer Composites: A Review,”5th Postgraduate
Seminar on Natural Fibre Reinforced Polymer Composites, Universiti Putra
Malaysia, December 2016.

Radzi, A. M., Sapuan, S. M., Jawaid, M., & Mansor, M. R.Water Absorption and
Thickness Swelling Properties of Roselle Reinforced Thermoplastic Polyurethane
Composites, “6th Postgraduate Seminar on Natural Fibre Reinforced Polymer
Composites”, Universiti Putra Malaysia, December 2016.

Chapter in Book

Mohd Radzi Ali, Mohd Sapuan Salit, Mohammad Jawaid, Muhd Ridzuan Mansur,
“Chapter 18: Polyurethane-Based Biocomposites. In Polyurethane Polymers:
Composites and Nanocomposites”Elsevier, 2017.

136



q@'ﬁ\j =

UNIVERSITI PUTRA MALAYSIA

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT
ACADEMIC SESSION : First Semester 2019/2020

TITLE OF THESIS / PROJECT REPORT :
MECHANICAL AND THERMAL PROPERTIES OF THERMOPLASTIC POLYURETHANE

REINFORCED WITH ROSELLE AND SUGAR PALM HYBRID COMPOSITES

NAME OF STUDENT: MOHD RADZI BIN ALI

| acknowledge that the copyright and other intellectual property in the thesis/project report
belonged to Universiti Putra Malaysia and | agree to allow this thesis/project report to be
placed at the library under the following terms:

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for educational
purposes only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic
exchange.

| declare that this thesis is classified as :

*Please tick (V)

CONFIDENTIAL (Contain confidential information under Official Secret
Act 1972).
RESTRICTED (Contains restricted information as specified by the

organization/institution where research was done).

Uo0

OPEN ACCESS | agree that my thesis/project report to be published
as hard copy or online open access.

This thesis is submitted for :

PATENT Embargo from until
(date) (date)

1

Approved by:

(Signature of Student) (Signature of Chairman of Supervisory Committee)
New IC No/ Passport No.: Name:
Date : Date :

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from
the organization/institution with period and reasons for confidentially or restricted. ]



	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



