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ABSTRACT

The biocomposites based on polylactic acid (PLA), short kenaf fiber and nanoclay
hybrid is prepared through different processing method. The processes used are single
and double compounding method using twin screw extruder followed by injection
moulding. The mechanical properties of blended biocomposites are studied through
tensile, flexural and impact tests. The morphology of the composites were
characterized by scanning electron microscopy (SEM) and transmission electrom
microscopy (TEM). The thermal properties are characterized by using differential
scanning calorimetry (DSC), thermogravimetry analysis (TGA) and dynamic
mechanical analysis (DMA). Besides these X-ray diffraction (XRD) and fourier
transform infra-red (FTIR) analysis was carried out to know the nanoclay dispersion,
percentage of crystallinity and possible bond formation. The aim of this work is to
hybridize nanoclay and short kenaf fiber in polylactic acid (PLA) by using double
extrusion method and followed by mechanical, thermal and morphological
characterization. Mechanical properties show improvement with nanoclay,
specifically impact strength increases more than 50% than unreinforced PLA. Double
extruded hybrid biocomposite shows 3-10% better tensile and flexural properties than
the single extruded. Similarly, addition of nanoclay increases decomposition and
melting temperature (T,,) from 198 °C to 225 °C and 152 °C to 155 °C respectively.
Crystallization temperature (T.) is however decreases with nanoclay from 116 °C to
106 °C and storage modulus (E’) are increased by about 1GPa. These findings were
also supported by scanning electron micrograph (SEM) and transmission electron
micrograph (TEM) where in double extruded hybrid biocomposite better dispersion of
nanoclay were observed. As for X-ray defraction (XRD) and Fourier transform infra-
red (FTIR) spectroscopy, higher percentage of crystallinity and formation of new
bonds respectively were seen with the addition of nanoclay, which indicates on
enhancement in thermal and mechanical properties of PLA-based hybrid
biocomposite.
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CHAPTER 1

INTRODUCTION

1.1 OVERVIEW

Light weight, high toughness and high ductility, better wear resistance, easy
processing and low cost are among the advantages of polymer materials. The
weakness, however are lower in strength, stiffness, flammable and high permeability
to most of gases and solvent as compared to metals and ceramics. Lower electrical and
thermal conductivity are also deemed to be disadvantages in some cases.
Reinforcement with nano meter size fillers can overcome many of these drawbacks if
nanoparticles are well dispersed in the polymer matrix. Most properties enhancements
can be achieved at significantly smaller loadings than conventional micro sized
reinforcements and resulted in “nanocomposites” that are light in weight.

Since they were pioneered by researchers at Toyota Motors in the late 1980°s
(Kojima et al.,, 1993; Zanetti et al., 2001) organically modified layered silicates
(Okamoto et al., 2000) have been a main subject of interest for the reinforcing nano-
material. Metal cations on negatively charged silicate surface (Yao et al., 2002) can be
exchanged with organic modifiers such as alkylammonium surfactants, which
increases the miscibility with polymers (Figure 1.1 (a)) (Pluta et al., 2002). Partial or
complete dispersion of these layers in the matrix polymer leads to the “intercalated” or
“exfoliated” nanocomposites, as depicted in Figure 1.1 (b) (Okamoto et al., 2000).
Their key benefits are improvement in mechanical properties, (Nishino et al., 2003;
Biagotti et al., 2004) dimensional stability, (Giannelis, 1996; Alexandre and Dubois,
2000) gas barrier, (Lagaro et al, 2005) and flame resistance (Gilman et al., 2000) of

host polymers.
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Figure 1.1: (a) Schematic diagram describing interaction between a polymer chain and
layered silicates (Pluta et al., 2002). (b) Different stages of composites arising from
dispersion of layered silicates in polymers: intercalated and exfoliated state (Okamoto
et al., 2000)

Kenaf, Hibiscus cannabinus, L. family Malvaceae, is an herbaceous annual
plant that can grow under a wide range of weather condition, especially in Asia and
Central America and finds application as cordage and sack fiber. The excellent
cellulose in the kenaf fiber (KF) source also made kenaf as a source for a large range
of paper products. Moreover kenaf bast short fiber also attracted huge interest for their
availability, renewability, better mechanical property and lower cost. Kenaf have been
used for enhancement in mechanical properties, reducing the cost of the composite,
and to make it commercially viable. Recently, researches have further increased the
diversity of uses for kenaf by demonstrating its suitability in building materials,

textiles, adsorbents, and fibers in new and recycled plastics (Nishino et al 2003). In



addition, KF is available in large amounts, easy to get, low cost, non-abrasive during
processing also exhibits high specific mechanical properties and biodegradability (Ray
et al., 2002; Sydenstricker et al., 2003; Eichhorn et al., 2001; Sgriccia et al., 2007
Wambua et al., 2003). Hydrophilicity of natural fibers however results in better
adhesion to hydrophilic matrix resins, specifically in polylactic acid (PLA).

An alternative composite material which is a mixture of micro bio-fiber and
nanoclay with bio-polymer (such as polylactic acid) known as hybrid bio-composite
has become a state of art in composite research and development. The bio-composite
has been widely studied with different combinations for the application of secondary
structure in automotive industry, packaging, aerospace, sports, armour products and
others. The availability of natural fiber (such as kenaf fiber) makes the bio-composite
competetively low in cost and feasible to be produced industrially for wide range of
applications. However very few researches has been done on hybrid biocomposite
(Amin et al., 2007; Anuar et al, 2008; Bakar et al., 2005; Cicala et al., 2009). The
main objectives of this research are to fabricate and to study the performance of micro
sized kenaf/nanoclay filled polylactic acid (PLA) hybrid bio-composite. It is
hypothesized that the fabricated biocomposite will show better performance than

PLA/ kenaf and PLA/ nanoclay composite.

1.2 PROBLEM STATEMENT AND ITS SIGNIFICANCE

In the UN millennium development goals from 2000, it was agreed to work for
eradication of extreme poverty and hunger, and to ensure environmental sustainability
(Jeffrey, 2005). These two goals are not easily met simultaneously. The fast
economical growth in some developing countries that is seen lately will hopefully

continue and spread. But there are some quite alarming obstacles for this positive



development to persist: i) the demand for all kinds of products increases when
economical welfare is increased but the world’s resources remain limited, ii) world
population is growing rapidly thus demand will continue to raise in all kinds of sectors
and iii) this is all happening in a time when we experience climate changes which
most likely are triggered by human activities, mainly the use of fossil resources, which
will escalate due to the increased consumption, if we do not act. Mankind has a large
challenge to deal with. Parts of the solution are a major redirection of our
consumption habits in the Western world and an alteration from using fossil to
renewable resources for energy production as well as in our products. Among lots of
plastic products and plastic-based materials are responsible for depletion of fossil and
environmental pollution for their diversified usage.

The increased use of plastics all over the world has resulted in an increase in
plastic waste. For this reason the development of biodegradable polymers has been a
subject of great interest in materials science for both ecological and biomedical
perspectives. Bio-based plastics are sustainable, largely biodegradable and
biocompatible. They reduce our dependency on depleting fossil fuels and are carbon

dioxide (COy) neutral.

Different biodegradable polymeric materials like polycaprolactone (PCL),
polyesteramide (PEA), aliphatic copolyesters (PBSA), aromatic copolyesters (PBAT),
polyhydroxyalkanoate (PHA) and polylactic acid (PLA) were used to replace the
conventional polymer. Among them, PHA and PLA are agro based polyester, which
are the most promising to replace the conventional one. Between PLA and PHA, PLA
shows better mechanical and thermal properties (Averous, 2004). Extensive research

work has been done for the fabrication of biocomposite and nanocomposite with



different natural fibers and nano fillers (John and Thomas, 2008; Robeson and Paul,
2008). Both biocomposite and nanocomposite have some merits and demerits. As for
example PLA/ kenaf biocomposite shows better strength, stiffness, low cost and easy
to be fabricated. This biocomposite however shows higher moisture absorption, less
flame retardancy and low impact strength. On the other hand PLA/ nanoclay
nanocomposite shows higher flame retardency, less moisture absorption and higher
impact strength. Again the main drawback of nanocomposite is high in cost and

difficult to be processed.

Therefore it is necessary to investigate the effect of adding nanoclay into
biocomposite of PLA/ kenaf fibre. It is also necessary to find out the suitable process
fabrication process for homogeneous distribution of fibres and fillers. This is
necessary in order to fabricate an environmental friendly hybrid biocomposite and as

well to replace the conventional polymer in terms of cost, availability and property.

1.3 RESEARCH OBJECTIVES
i. To investigate the effect of the incorporation of nanoclay into PLA/kenaf fiber
on the mechanical and thermal properties of the biocomposite.
ii. To examine the effect of different processing sequence / method on the
mechanical and thermal properties of the composites.

iii. To examine the morphology of the fracture surface of hybrid bio-composite.

1.4  SCOPE OF RESEARCH
In this research work, PLA-kenaf-nanoclay hybrid composite had been developed
through extrusion process. During extrusion, two processing parameters involved

were temperature and speed. The temperature was set between 180 to 190 °C and the



screw speed was 100 rpm. PLA, kenaf and montmorillonite (MMT) clay were the
main materials involved in developing the hybrid biocomposite. For this reason, three
different processes were developed which are identified as PLA-kenaf-MMT single
extrusion, PLA-kenaf-MMT double extrusion (PLA and kenaf extruded first then
MMT was added) and PLA-MMT-kenaf double extrusion ( PLA and MMT extruded
first then kenaf was added).

In this study, 3 wt% of MMT was used which is based on Usman’s (2011)
studies. In her work, she used single extrusion for fabricating hybrid biocomposite but
this research concentrated two different processes to manufacture the hybrid
biocomposite. This was done for the better dispersion of MMT, through increment in
mechanical and thermal properties. Previous study showed that with addition of MMT
and kenaf, tensile strength and stiffness were increased, whereas impact strength
decreased significantly. Again previous study did not cover thermal characterization,
internal bonding, crystalline behavior and morphological behavior to observe the
dispersion of filler.

So the research scope of this work was to find out a suitable process to
fabricate hybrid biocomposite for homogeneous dispersion of nanoclay and fibres
which leads to better mechanical, thermal and morphological properties. Besides
these, the crystallinity behavior and internal bonding behavior are also mandatory to
be investigated in order to synchronize with mechanical and thermal properties.
Finally, the fabricated hybrid biocomposite was compared with PLA-kenaf

biocomposite, PLA-clay nanocomposite and with pure PLA.



15 THESIS ORGANIZATION

There are five main bodies created in this research work which are being classified as
Chapter 1, Chapter 2, Chapter 3, Chapter 4 and Chapter 5. In chapter 1, the
introduction and background of the research done were briefly discussed. This
includes a brief idea about the definition of hybrid biocomposites as well as its
comparison with other systems. The characteristics of the nano particles employed
into the hybrid biocomposites that make this system unique was generally conversed.
Moreover, the increasing tendency of using petroleum-based plastic materials and its
demerits are precisely describe. Biopolymers and their composites and finally hybrid
composites future and bright prospect has been concisely explained under the
introduction part.

A problem or matter that resulted in unsatisfied or unbalanced properties of the
final products was discussed under problem statement. Suggestions and ideas to
overcome such problems were also stated under this part. Moreover, the aims of
developing hybrid biocomposites and its characterization were concisely stated under
research objectives. General information on the steps involved in fabricating hybrid
biocomposites system was discussed under the topic of research methodology.
Different processes and parameters that used during manufacturing of hybrid
biocomposite were clarified in this part as well. Under the scope of research topic, the
background regarding hybrid biocomposites systems was briefly discussed. In
addition, the raw materials used, type of processing as well as parameters involved
also was explained under this part.

Polymer matrix composite, biocomposite, theoretical background of the hybrid
biocomposites, different processing techniques as well as the advantages and

disadvantages of biocomposite and hybrid biocomposite were discussed under



Chapter 2 as literature review. In this chapter, each concept mentioned above was
explained in details.

Chapter 3 explains the routes of experiment involved in details along with the
flow chart and figures for better understanding. In this chapter, the types of material
used, materials property, processing parameters (temperature and speed), different
methods of fabricating hybrid biocomposite as well as characterization methods to
evaluate the mechanical, thermal and morphological properties of the hybrid
biocomposites systems were concisely explained. In addition, the theory and concept
regarding the methods of characterizations were briefly listed.

Chapter 4 comprises of different testing methods to assess the properties of the
fabricated hybrid biocomposites. Obtained results were then discussed extensive and
tried to co-relate to each other. Moreover, different source of references used were
revealed to support the results obtained from these characterization methods. Each
results acquired from different techniques of characterization were then compared
between the other available processes. Results were then compared with PLA/kenaf
biocomposite and unreinforced PLA to investigate the effect of nanoclay. Finally the
best process and composite was determined based on the obtained results.

Chapter 5 describes the concluding remarks of the whole research work and
suggests future works which are difficult to conclude from this research.

Works of other researchers that were being referred to was put in order in
bibliography section. Once all the data needed was completely compiled, a clean and
concise abstract was introduced at the beginning of the thesis. Brief information on the
problem statement, research methodology and the results attained were part of the
main topic that should be discussed in this section so that an overview about the study

can be comprehended.





