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Poly (lactic acid) (PLA) has been highlighted to be a useful material in substituting
the petroleum based polymer due to its promising mechanical properties and
biodegradability. However, its brittleness properties and higher price as compared
with the common commodity plastics have limited its application. Thus, the addition
of epoxidised jatropha oil (EJO), a type of biodegradable plasticiser from natural
products was employed to the PLA in response to concern about the environment as
well as modifying the brittleness of PLA. Kenaf, one source of environmentally
friendly and abundantly cheap natural fibers has been used in this study as
reinforcement in PLA. Despite the advantages of using kenaf as a natural fibre, their
limitations include, poor moisture resistance, poor wettability by the hydrophobic
matrix and insufficient adhesion between fibre and polymeric matrix which can lead
to poor properties. Therefore, one way to improve the fibre/matrix interfacial bonding
is through the incorporation of fibre surface modification or treatment. The aim of this
study is to investigate the effect of EJO as plasticiser on mechanical, physical, thermal
and morphology properties of PLA. Furthermore, the effect of NaOH treatment on
the properties of PLA/Kenaf composites as well as PLA/Kenaf/EJO composites were
studied. Five different weight percentages of EJO ranging from 1 wt.% to 5 9 were
melt blended in the Brabender internal mixer prior to compression moulding of blend
in a hot press and compared to a neat PLA matrix sample. The mechanical properties
of PLA/EJO composites were characterised in terms of tensile strength, tensile
modulus, flexural strength, flexural modulus and impact strength. Results showed that
the tensile strength, tensile modulus, flexural strength and flexural modulus decreased
with increasing content of EJO in the blend. On the other hand, with the further
addition of EJO to the PLA composites, the elongation at break properties increased
significantly by 8.1% to 78.4%. The FTIR study indicated that miscibility and
interaction of PLA and EJO exist as a small shift towards a higher temperature
appeared in the absorption peak of PLA/EJO blend. Moreover, the study findings



showed that the water absorption of plasticized PLA decreased significantly by 1.3%
to 1.0% with increasing EJO concentration up to 5 wt.%. While for thermal properties,
the Differential Scanning Calorimetry (DSC) measurement revealed that the addition
of EJO resulted in a decrease of glass transition temperature up to 62.2°C which aids
PLA chain mobility in the blend as predicted. In addition, the Thermogravimetric
Analysis (TGA) showed that the presence of EJO in the blends reduce the rate of
decomposition of PLA by increment of onset temperature up to 388.2°C and enhanced
the thermal stability of the blend. The improvement in mechanical, physical and
thermal properties of PLA/EJO composites indicating better polymer-plasticiser
interaction which is proved by Scanning Electron Micrograph (SEM) analysis.
Afterward, five different weight percentages of kenaf fibre loading ranging from 10
wt.% to 50 wt.% were employed in the PLA blends in order to study the optimum
fibre loading value in the blend. As a result, 40 wt.% of kenaf fibre loading found to
be the optimum value for PLA/kenaf biocomposites. The surface modification
treatment with 6% NaOH on kenaf fibre enhanced the properties of biocomposites as
compared to the untreated kenaf fibre. The incorporation of EJO as a plasticiser to
modify the brittleness of PLA demonstrated that the plasticised PLA/Kenaf
bicomposites with good mechanical and thermal properties could be developed. It can
be concluded that the addition of plasticiser and the treatment of fibre improved the
properties of PLA/Kenaf/EJO biocomposites. Out of the analyses subjected, PLA (57
wt/%) / Kenaf (40 wt.%) /EJO (3 wt.%) reported as the best formulation of
biocomposite from this study. Hence, the study findings will pave the way towards a
greater usage of vegetable oil as well as natural fibre for the commercialisation and
mankind benefits which can replace petroleum-derived products in the long run.
Specific applications for the studied materials involved interior parts of the car,
environmental packaging, tray and box.
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Poli (laktik asid) telah diketengahkan sebagai bahan yang berguna dalam
menggantikan polimer berasaskan petroleum disebabkan oleh ciri-ciri mekanikal yang
baik dan terbiodegradasi. Walaubagaimanapun, sifatnya yang rapuh dan harga yang
tinggi berbanding komoditi plastik yang normal telah menghadkan penggunaannya.
Oleh itu, penambahan minyak jatropha terepoksida, sejenis bahan pemplastik
terbiodegradasi daripada sumber asli telah digunakan ke atas poli (laktik asid) dalam
menyahut kesedaran tentang persekitaran dan juga mengubahsuai kerapuhan PLA.
Kenaf, salah satu sumber gentian semulajadi yang murah dan mesra alam sekitar telah
digunakan dalam kajian ini untuk memperkukuh bahan PLA. Walaupun terdapat
kelebihan menggunakan kenaf sebagai gentian semulajadi, kekurangannya termasuk
modulus yang lebih rendah, kekuatan yang rendah, rintangan kelembapan yang lemah,
kebolehbasahan yang lemah oleh matriks hidrofobik dan pelekatan yang tidak
mencukupi di antara gentian dan matriks polimer yang boleh membawa kepada
sifatsifat yang lemah. Oleh itu, satu cara untuk mempertingkatkan ikatan permukaaan
gentian/matriks ialah melalui kaedah pengubahsuaian atau rawatan permukaan
gentian. Tujuan kajian ini adalah untuk mengkaji kesan EJO sebagai pemplastik
terhadap sifat-sifat mekanikal, fizikal, haba dan morfologi PLA. Tambahan pula,
kesan rawatan NaOH terhadap sifat-sifat komposit PLA/kenaf dan komposit
PLA/kenaf/EJO dikaji. Lima peratus EJO yang berbeza antara 1% berat sehingga 5%
berat telah diadun cair di dalam pengadun dalaman Brabender terlebih dahulu sebelum
diadun didalam acuan pemampat panas dan dibandingkan dengan sampel matriks
PLA. Sifat-sifat mekanikal komposit PLA/EJO dikaji dalam bentuk kekuatan
tegangan, modulus tegangan, kekuatan lenturan, modulus lenturan dan kekuatan
impak. Hasil menunjukkan bahawa kekuatan tegangan, modulus tegangan, kekuatan
lenturan dan modulus lenturan menurun dengan penambahan EJO di dalam adunan.
Sebaliknya, dengan penambahan lanjutan EJO di dalam komposit PLA, sifat
pemanjangan sewaktu patah meningkat secara signifikan daripada 8.1% kepada



78.4%. Kajian FTIR menunjukkan keterlarutcampuran dan interaksi antara PLA dan
EJO berlaku dimana anjakan kecil terhadap suhu tinggi berlaku di dalam puncak
penyerapan adunan PLA/EJO. Tambahan pula, dapatan kajian menunjukkan
penyerapan air pemplastik PLA berkurangan daripada 1.3% kepada 1.0% secara
signifikan dengan penambahan kepekatan EJO sehingga 5% berat. Sebaliknya untuk
ciri-ciri haba, pengukuran kalorimetri pengimbasan pembezaan menunjukkan bahawa
penambahan EJO menyebabkan penurunan pada suhu peralihan kaca sehingga 62.2°C
yang membantu rantai pergerakan PLA di dalam adunan seperti yang diramal.
Tambahan pula, analisis termogravimetri menunjukkan kehadiran EJO di dalam
adunan mengurangkan kadar pereputan PLA dengan kenaikan suhu awal sehingga
388.2 °C dan meningkatkan kestabilan haba di dalam adunan. Peningkatan dalam
mekanikal, fizikal dan ciri haba komposit PLA/EJO menunjukkan interaksi polimer-
pemplastik yang lebih baik seperti yang terbukti oleh analisis mikroskop elektron
imbasan. Kemudian, gentian kenaf dengan lima peratus berat bebanan yang berbeza
antara 10% berat sehingga 50% berat dimasukkan ke dalam adunan PLA untuk
mengkaji nilai bebanan gentian yang optimum di dalam adunan. Keputusannya, 40%
berat bebanan gentian kenaf didapati sebagai nilai yang optimum untuk biokomposit
PLA/kenaf. Rawatan pengubahsuaian permukaan dengan 6% NaOH pada gentian
kenaf meningkatkan ciri-ciri biokomposit dibandingkan dengan gentian kenaf yang
tidak dirawat. Penggabungan EJO sebagai pemplastik untuk mengubahsuai kerapuhan
PLA menunjukkan bahawa biokomposit pemplastik PLA/Kenaf dengan ciri haba dan
mekanikal yang baik boleh dibangunkan.Ini boleh disimpulkan bahawa penambahan
pemplastik dan rawatan gentian memperbaiki ciri-ciri biokomposit PLA/Kenaf/EJO.
Daripada analisis yang dikaji, PLA (berat 57%)/ Kenaf (berat 40%)/ EJO (berat 3%)
adalah merupakan formulasi biokomposit terbaik daripada kajian ini. Justeru,
penemuan kajian akan membuka jalan ke arah penggunaan minyak sayuran dan juga
gentian kenaf yang lebih meluas untuk pengkomersilan dan memberi manfaat kepada
seluruh manusia yang boleh menggantikan produk berasaskan petroleum dalam
jangka masa yang panjang. Aplikasi tertentu untuk bahan yang dikaji termasuklah
bahagian dalaman kereta, pembungkusan mesra alam, dulang dan kotak.
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CHAPTER 1

INTRODUCTION

1.1  Overview of the Study

The tremendous growth of issues concerning the high rate of depletion of petroleum
resources, environmental concerns and the introduction of stringent government
regulations especially in European and Asian countries has generated vast interest
among scientists and researchers in developing renewable raw materials that are
sustainable and environmentally friendly. “Greener” materials that are safe and
compatible with the environment are being sought and developed as renewable
alternatives and a substitute for conventional petroleum—based plastics. By far, the
most common renewable raw materials, and those that seem to offer the greatest
potential for competing with synthetic polymers is bioplastics such as
polyhydroxylalkanoates (PHAS) and poly (lactic acid) (PLA). Natural thermoplastic
resin, PLA is a polymer which already has some market exposure for its significant
potential properties to help to overcome the accumulation of plastic waste in landfills.
Serious issues with large amounts of plastic waste can cause severe environmental
impacts. In addition, only limited landfilling areas are available and indeed in some
countries this practise is totally restricted. PLA has the advantage of being fully
biodegradable by hydrolysis to lactic acid, and eventually to water and carbon
monoxide. Since PLA is produced from fieldwaste products, PLA can potentially
become a CO; sink and contribute to the reduction of greenhouse gases in the long run
(Dittenber and Gangarao, 2012).

The utilisation of bio-based polymers in place of petroleum-based polymers has a
positive effect in the sense of a reduction of the environmental impact and offsetting
the need for petroleum consumption. One of the major challenges to replacing
conventional polymers is the high cost of production of bio-based polymers (Mohanty
et al., 2000). Another obstacle to deal with in terms of bio-based polymers is the fact
that some of these materials exhibit limitations in their properties which cause them
to be less preferable to be used as a commodity plastic. Many studies have been
conducted in order to reduce the cost and enhance the properties of bio materials such
as introducing suitable fillers or reinforcement materials and a compatibiliser or
plasticiser into the system. Modification and enhancement of these polymers is a
crucial step to be undertaken to meet the expectations of developing eco-friendly
materials that are able to function in variety of commercial applications.

In the case of PLA, it has a relatively high cost (RM25/kg) compared to conventional
polymers (Mathew et al., 2005). Other limitations of PLA are high brittleness, low
toughness and low tensile elongation (Ljunberg and Wesslen, 2005). One way to solve
these problems is through the incorporation of plasticisers and natural fillers, which
not only reduce the cost but also improve the product performance. The addition of



renewable and biodegradable fillers such as natural fibres could optimise the cost-
performance balance and improve the mechanical and thermal behaviours (Oksman et
al., 2013).

Acknowledging Malaysia as a tropical country that has abundant resources of natural
fibres, it was decided to emphasise the usage of this type of bio-sourced materials in
present composite development. Several researchers have reported that the addition of
natural fibres with biopolymers improved the properties of the composite in terms of
biodegradability (Mohanty et al., 2000). The term ‘biodegradable composite’ refers to
the combination of two materials that can be fully degradable. Biodegradable
composites may also be obtained by blending together a biodegradable polymer and
biodegradable fillers (Le Degabel and Averous, 2006). As both components are
biodegradable, the composite as the integral part is also expected to be biodegradable
(Mohanty et al., 2000).

Natural fibre offers both economic and ecological advantages over commercial
synthetic fibre as it is a renewable resource and it is also cheap, widely available and
non-abrasive. Kenaf fibre has great potential to be used as a filler in polymeric
materials. Towards attaining this development goal, the government has increased the
allocation budget for a kenaf plantation to RM 110 million under the 11th Malaysian
plan (2016-2020), as compared to the total amount of RM 105 million in the previous
Malaysian plan. The incorporation of kenaf fibre into PLA will maximise the use of
kenaf for development of the production of high value-added products. In particular,
kenaf fibre attracts interest because of its environmental friendly features, abundance
in nature, low density and most importantly low operational cost (Nishino et al., 2003).

Unfortunately, there are some major challenges that have been faced by nearly every
researcher who has worked with natural fibre composites. The limitation of processing
temperature and the hydrophilic characteristic make the natural fibres incompatible
with some matrices and the high moisture absorption by the fibres is a significant
problem especially for industrial applications (Bachtiar et al., 2008; Xie et al., 2010).
Although when PLA is combined with kenaf fibre this produces biocomposite
materials that are fully degradable, lightweight and cheaper, the combination presents
several limitations. For instance, the incompatible character between hydrophilic
kenaf and the hydrophobic PLA matrix results in poor interfacial adhesion between
the two components (Ramli et al., 2012). Therefore, the matrix and/or fibre require
modification for enhanced performance.

Several modifications have been made by previous researchers to improve the
interaction between natural fibres and matrices. The properties of composites can be
improved by employing two approaches, namely the treatment of fibres and the use of
an appropriate additive (Avella et al., 2009). Generally, modification of fibre can be
classified into physical or chemical treatments. The physical method such as super-
heated steam, plasma and corona treatment changes the structural and surface
properties of the fibre. The chemical route for the modification of fibre such as silane
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treatment, alkaline treatment, acetylation, maleated coupling agent and enzymatic
treatment is usually aimed at improving the fibre-matrix interaction (Faruk et al.,
2012).

Due to the nature of kenaf fibre, NaOH treatment has been used to improve the
interaction compatibility between PLA and the kenaf fibre. The aim of chemical
modification of natural fibre is to improve interaction of the fibre with the polymer
matrix. Several findings have revealed that chemical treatments tend to improve the
properties of composites (Vilay et al., 2008; Mohanty et al., 2001; Mwaikambo and
Ansell, 1999). The chemical treatment of fibre is mostly related to improving of the
surface of the fibre which promotes better fibre strength properties. Different chemical
treatments will be used depending on the objective of the treatment. Normally, the
treatment is used to remove the hydrophilic components on the fibre such as
hemicelluloses, lignin and wax. These major components of the fibre cause problems
during the process of combining with a polymer matrix. Moreover, the cost of
processing the material becomes a major factor for the composite production. The use
of sodium hydroxide as an alkaline treatment (also known as mercerisation) is very
attractive from the point of view of the contribution to decrease the cost of fibre
modification for use in composite materials, therefore helping to improve the interface
between the fibres and the matrix. During alkalisation, the cementitious materials in
the fibres are removed, leading to rougher fibre topography. Even in low NaOH
concentrations, fibres can fibrillate which increases the aspect ratio and the bondable
surface area. By improving the fibre/matrix adhesion in this manner, the tensile and
flexural properties of the composite are improved at the expense of a reduction in
impact behaviour (Dittenber and Gangarao, 2012).

In order for the polymer matrix to move closer to the goal of being true 100 %
biocomposites, it is crucial that the polymer matrix or a high proportion of it be of
biological origin. One of the possible ways this can be achieved is through the usage
of plant oil based bioresins. Bioresins, in particular plant or vegetable oil based
bioresins, offer a potential viable alternative to petrochemical based resins as the
required feed stocks are readily available in most parts of the world (Wool and Sun,
1999).

In response to concern about the environment, plasticisers derived from natural
products are currently being employed in biodegradable polymers as a replacement
for traditionally used phthalates in the plastics industry and which are characterised
by their high toxicity (Fenollar et al., 2009). Recently, modified vegetable oils as one
type of biodegradable plasticisers, have gained a lot of interest as a renewable source
of plasticiser for polymers (Robertson et al., 2010). Numerous researchers have
reported on the usage of epoxidised vegetable oil (EVO) as a plasticiser for PLA
composites (Dai et al., 2014; Alam et al., 2014; Mulla, 2011). There are few
advantages listed for using epoxidised vegetable oil in the polymer industry such as
being biodegradable, environmentally friendly, renewable and it is a cheap material
(Al-Mulla et al., 2010). Furthermore, vegetable oil has potential as an additive for



industrial applications that require properties such as cheapness, good lubricity, high
index viscosity and good solvency for fluid additives (Lathi and Mattiasson, 2007).

An epoxidation process is needed in order to make sure the vegetable oil feed stocks
are converted into epoxidised vegetable oil (EVO). Numerous research projects have
been conducted by many researchers involving EVO regarding the characterisation,
synthesis, as well as use in biocomposite applications (Wang and Schuman, 2013,
Adekunle et al., 2010, O’Donnel et al., 2004). The benefits of introducing EVO in
polymers are that EVO is inexpensive, degradable and easily incorporated into epoxy
resins and can be primarily used as a plasticiser or a toughening additive for epoxy
resins.

Although the amount of research regarding EVO plasticised PLA composite has
increased tremendously, to the best of the knowledge of the current authors, there has
not been a study reported of using epoxidised jatropha oil (EJO) as a non-edible
vegetable oil as a plasticiser for a PLA/kenaf composite. EJO is derived from jatropha
oil which can be obtained from the crushing of the seed of Jatropha curcas. The oil
has about 21.1 % of saturated fatty acids and 78.9 % of unsaturated fatty acids, mainly
oleic acid (43.1 %) and linoleic acid (34.4 %) in the seeds which is relatively higher
than other edible oils, for example palm oil. This indicates the great potential of EJO
as it can be converted from natural resources of jatropha oil (Sarin et al., 2007; Lee et
al., 1998). Generally, the higher number of C=C unsaturated chains of fatty acids will
result in better polarity and stability of the oil that leads to good mechanical properties
(Meier et al., 2007). For this, the non-edible jatropha oil is a new alternative to be used
as a plasticiser for the PLA matrix in this study.

Hence, in this study, novel plasticised PLA biocomposites were fabricated by a
combination of poly (lactic acid) (PLA), epoxidised jatropha oil and kenaf fibres,
whereby PLA was melt blended with EJO to form one such non-edible vegetable oil
material and renewable plasticiser that could withstand practical applications while
their biodegradation properties were maintained. In addition, the effect of Epoxidised
jatropha oil and alkaline treatment on the performance of the Poly (lactic acid)
composites and Poly (lactic acid)/ Kenaf/Epoxidised Jatropha Qil biocomposites was
also investigated.

1.2 Problem Statement

The utilisation of bio-based polymers in place of petroleum-based polymers has a
positive effect in the sense of a reduction of the environmental impact and offsetting
the need for petroleum consumption. One of the major challenges to replacing
conventional polymers is the high cost of production of bio-based polymers (Mohanty
et al., 2000). Another obstacle to deal with in terms of bio-based polymers is the fact
that some of these materials exhibit limitations in their properties which cause them
to be less preferable to be used as a commodity plastic. Many studies have been



conducted in order to reduce the cost and enhance the properties of bio materials such
as introducing suitable fillers or reinforcement materials and a compatibiliser or
plasticiser into the system. Modification and enhancement of these polymers is a
crucial step to be undertaken to meet the expectations of developing eco-friendly
materials that are able to function in variety of commercial applications.

In the case of PLA, it has a relatively high cost (RM25/kg) compared to conventional
polymers like PP (RM 5/kg) and PE (RM 4.80/kg) (Mathew et al., 2005). Other
limitations of PLA are high brittleness, low toughness and low tensile elongation
(Ljunberg and Wesslen, 2005). One way to solve these problems is through the
incorporation of plasticisers and natural fillers, which not only reduce the cost but also
improve the product performance. The addition of renewable and biodegradable fillers
such as natural fibres could optimise the cost performance balance and improve the
mechanical and thermal behaviours (Oksman et al., 2013).

Unfortunately, there are some major challenges that have been faced by nearly every
researcher who has worked with natural fibre composites. The limitation of processing
temperature and the hydrophilic characteristic make the natural fibres incompatible
with some matrices and the high moisture absorption by the fibres is a significant
problem especially for industrial applications (Bachtiar et al., 2008; Xie et al., 2010).
Although when PLA is combined with kenaf fibre this produces biocomposite
materials that are fully degradable, lightweight and cheaper, the combination presents
several limitations. For instance, the incompatible character between hydrophilic
kenaf and the hydrophobic PLA matrix results in poor interfacial adhesion between
the two components (Ramli et al., 2012). Therefore, the matrix and/or fibre require
modification for enhanced performance.

Due to the nature of kenaf fibre, NaOH treatment has been used to improve the
interaction compatibility between PLA and the kenaf fibre. The aim of chemical
modification of natural fibre is to improve interaction of the fibre with the polymer
matrix. Several findings have revealed that chemical treatments tend to improve the
properties of composites (Vilay et al., 2008; Mohanty et al., 2001; Mwaikambo and
Ansell, 1999). The chemical treatment of fibre is mostly related to improving of the
surface of the fibre which promotes better fibre strength properties. Different chemical
treatments will be used depending on the objective of the treatment. Normally, the
treatment is used to remove the relatively low molecular mass, extractable components
on the fibre such as hemicelluloses, lignin and wax. These major components of the
fibre cause problems during the process of combining with a polymer matrix.
Moreover, the cost of processing the material becomes a major factor for the
composite production. The use of sodium hydroxide as an alkaline treatment (also
known as mercerisation) is very attractive from the point of view of the contribution
to decrease the cost of fibre modification for use in composite materials, therefore
helping to improve the interface between the fibres and the matrix. During alkalisation,
the cementitious materials in the fibres are removed, leading to rougher fibre
topography. Even in low NaOH concentrations, fibres can fibrillate which increases



the aspect ratio and the bondable surface area. By improving the fibre/matrix adhesion
in this manner, the tensile and flexural properties of the composite are improved at the
expense of a reduction in impact behaviour (Dittenber and Gangarao, 2012).

In order for the polymer matrix to move closer to the goal of being true 100 %
biocomposites, it is crucial that the polymer matrix or a high proportion of it be of
biological origin. One of the possible ways this can be achieved is through the usage
of plant oil based bioresins. Bioresins, in particular plant or vegetable oil based
bioresins, offer a potential viable alternative to petrochemical based resins as the
required feed stocks are readily available in most parts of the world (Wool and Sun,
1999).

Although the amount of research regarding EVO plasticised PLA composite has
increased tremendously, to the best of the knowledge of the current authors, there has
not been a study reported of using epoxidised jatropha oil (EJO) as a non-edible
vegetable oil as a plasticiser for a PLA/kenaf composite. EJO is derived from jatropha
oil which can be obtained from the crushing of the seed of Jatropha curcas. The oil
has about 21.1 % of saturated fatty acids and 78.9 % of unsaturated fatty acids, mainly
oleic acid (43.1 %) and linoleic acid (34.4 %) in the seeds which is relatively higher
than other edible oils, for example palm oil. This indicates the great potential of EJO
as it can be converted from natural resources of jatropha oil (Sarin et al., 2007; Lee et
al., 1998).Generally, the higher number of C=C unsaturated chains of fatty acids will
result in better polarity and stability of the oil that leads to good mechanical properties
(Meier et al., 2007). For this, the non-edible jatropha oil is a new alternative to be used
as a plasticiser for the PLA matrix in this study.

Hence, in this study, novel plasticised PLA biocomposites were fabricated by a
combination of poly (lactic acid) (PLA), epoxidised jatropha oil and kenaf fibres,
whereby PLA was melt blended with EJO to form one such non-edible vegetable oil
material and renewable plasticiser that could withstand practical applications while
their biodegradation properties were maintained. In addition, the effect of Epoxidised
jatropha oil and alkaline treatment on the performance of the Poly (lactic acid)
composites and Poly (lactic acid)/ Kenaf/Epoxidised Jatropha Qil biocomposites was
also investigated.



1.3 Research Aims and Objectives

This research attempts to carry out investigation into the feasibility of producing
biodegradable blends of biocomposites by enhancing the properties of natural
polymer, PLA with the incorporation of EJO as a non-edible type of natural plasticiser
and by impregnating the kenaf fibres to match the requirements of biocomposites. In
order to achieve this objective, specific sub-objectives have been identified as follows:

1. To evaluate the plasticising effect of epoxidised jatropha oil (EJO) as a nonedible
vegetable based plasticiser with various EJO loadings (1, 2, 3, 4 and 5 wt.%) on
the chemical, physical, mechanical, thermal and morphological properties of PLA
matrix.

2. To optimise the kenaf fibre loading (10, 20, 30, 40 and 50 wt.%) on the
mechanical, thermal and morphological properties of PLA/EJO/kenaf
biocomposites.

3. To investigate the effect of alkali treatment on kenaf fibre filled PLA/EJO
biocomposites.

4. To determine the best formulation of PLA/ treated kenaf/EJO biocomposites in
terms of chemical, physical, mechanical, thermal and morphological properties.

1.4 Scope of the Study

The scope of the study can be discussed as stated below:

a. The production of epoxidised jatropha oil (EJO) from unsaturated crude jatropha
oil via an “in situ” epoxidation process in the molar ratio of 1: 0.6: 1.7 — jatropha
oil: formic acid: hydrogen peroxide at temperature of 60°C will be obtained.
Epoxidised jatropha oil produced from this epoxidation process will be used in the
preparation of a Poly (lactic acid)/Epoxidised Jatropha Oil (PLA/EJO) blend.

b. The preparation of a PLA/EJO blend by the melt blending technique through the
combination of PLA with different ratios of epoxidised jatropha oil loading
formulations (1, 2, 3, 4 and 5 wt.%). PLA/EJO sheets will later be produced by a
hot and cold press machine. The sheets will be analysed for their physical,
chemical, mechanical and morphological properties characterisations.

c. The optimisation of short kenaf fibre loading on the properties of PLA/kenaf
biocomposites will be acquired. Five different kenaf fibre loading formulations
(10, 20, 30, 40 and 50 wt.%) will be introduced to the PLA/ kenaf biocomposites.
The mechanical properties of biocomposites will be investigated.

d. The optimisation of the alkaline surface modification treatment of kenaf fibre on
the PLA/kenaf biocomposites is to be evaluated by varying the percentage of
alkaline treatment from 2, 4, 6 and 8 wt.%. The biocomposites will be
characterised in terms of mechanical and morphology properties.



e. PLA/EJO/kenaf biocomposites will be developed by a combination of optimum
PLA/EJO blend formulation and an optimum kenaf fibre loading formulation. The
performance of the biocomposites in terms of chemical, physical, mechanical,
thermal and morphological properties will be investigated.

1.5  Significance of the Research

1. A novel research into the potential of a Malaysian bio-sourced plant-derived type
material, EJO as an alternative plasticiser for PLA kenaf biocomposites.

2. Development of novel biocomposites from PLA, EJO and kenaf fibre which will
be suitable for various types of application.

1.6 General Overview of the Thesis

The thesis consists of six chapters. Chapter 1 serves as an introduction to the research
which includes the overview of the study, problem statement, statement and
significance of the problem, aim and objectives, as well as the significance of the
research.

Chapter 2 presents a literature review of polymer composites, PLA as matrix for
biocomposites, plasticiser for polymer blends, filler and reinforcing materials, and
biocomposites derived from epoxidised vegetable oil. This chapter also reviews major
issues and the challenges of using natural fibre in biocomposites and previous findings
concerning plastic-related composites in terms of chemical, physical, mechanical,
thermal and morphological properties.

Chapter 3 focuses on the materials and methodology involved in the multistage
preparation and characterisation of PLA/EJO/kenaf biocomposites. The objectives in
Chapter 3 are to evaluate the plasticising effect of epoxidised jatropha oil (EJO) as a
non-edible vegetable based plasticiser with various EJO loadings (1, 2, 3, 4 and 5
wt.%) on the chemical, physical, mechanical, thermal and morphological properties
of the PLA matrix. To conclude, a PLA/EJO film with optimum characteristics will
be chosen for further combination with a matrix-plasticiser as continued in Chapter 4.

Chapter 4 and Chapter 5 are the working chapters where the results and discussion are
conveyed accordingly to the objectives set in Section 1.3.

Chapter 4 begins with the optimisation of EJO loading on the properties of PLA/EJO
blends. Analyses of effect of EJO at various concentration (wt.%) is completed to
examine the mechanical, thermal and morphological properties of PLA/EJO blends.
To conclude, a PLA/EJO blend formulation with optimum characteristics is
determined and further applied in Chapter 5.
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Chapter 5 discusses the effect of alkali treatment on kenaf fibre filled PLA/EJO
biocomposites. NaOH surface modification is applied at various weight percent
treatments (2, 4, 6 and 8 %) on kenaf fibre. The effect of treated kenaf fibre filled PLA
biocomposites on the mechanical and morphological properties is investigated.
Furthermore, this chapter presents an important practical evaluation on the optimised
PLA/EJO/kenaf blends in terms of their chemical, physical, mechanical, thermal and
morphological properties. To conclude, a PLA/kenaf treated/EJO biocomposite with
optimum characteristics is determined.

As the final working chapter, Chapter 6 presents the overall conclusions of the
research and recommendations for future research.
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