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ABSTRACT

The interest in using natural fibres as reinforcement in polymer matrix composites has
increased dramatically during the last few years in regard to the environmental aspect
and cost-effectiveness. This report aims in studying the rheological and morphological
properties of banana fibre reinforced polypropylene (PP/BF) composite as a function of
fibre loading and coupling agent concentration, followed by drawing a relationship of
the two parameters on the rheological-morphological properties of PP/BF composite. To
conduct this research, the primary materials involved were banana fibre as the
reinforcement, polypropylene (PP) as the matrix and silane as the coupling agent used.
Prior to composite processing, banana fibre processing was conducted to extract banana
fibres from the pseudo-stem of a mature banana (Musacea) plant. Fibres with length of
less than 1mm were then mixed with silane at concentration of 0, 0.5, 1 and 2wt% at
fibre loading of 2, 5 and 10wt%. The mixes were later subjected to rheological testing
and morphological analysis. The rheological result showed that all system exhibited
pseudoplasticity and incorporation of treated fibres consequent enhanced viscosity due
to improved interfacial adhesion at fibre-matrix interface. However, it is observed that
silane concentration of 2wt% does not yield further enhancement in the rheological
properties of the composite when compared to that of 1wt%. In the aspect of
morphology, the compatibilizing effect of silane is evaluated in terms of fibre orientation
and dispersion. Effect of silane concentration on the morphology does not seem to be
pronounced as compared to the effect of fibre loading. Increase in fibre loading causes
low shear rate and the fibre concentrated at the periphery; and vice versa. However, it is
found that PP/BF 10wt% with 1wt% of silane has the most promising compatibilizing
effect.
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ABSTRAK

Minat terhadap penggunaan gentian semula jadi sebagai penetulang dalam komposit
bermatrikskan polimer telah berkembang secara mendadak sejak kebelakangan ini
disebabkan oleh aspek persekitaran dan kos efektif. Matlamat penulisan kertas kajian ini
adalah untuk mengkaji sifat reologi dan morfologi komposit polipropilina bertulangkan
gentian pisang (PP/BF) berfungsikan muatan gentian dan komposisi agen perangkai
serta perkaitan hubungan kedua-dua parameter tersebut dengan sifat reologi-morfologi
komposit PP/BF. Dalam kajian ini, bahan utama termasuk gentian pisang sebagai
penetulang, polipropilina (PP) sebagai bahan matriks dan ‘silane’ sebagai agen
perangkai. Sebelum komposit difabrikasikan, pemprosesan gentian pisang dijalankan
dengan mengekstrak gentian pisang dari batang semu pokok pisang (Musacea) yang
matang. Gentian yang berpanjang kurang daripada 1 mm dicampur dengan ‘silane’
mengikut komposisi 0, 0.5, 1 dan 2wt% dengan muatan gentian 2, 5 dan 10wt%.
Campuran kemudian melalui ujian reologi dan analisis morfologi. Keputusan ujian
reologi menunjukkan semua sistem berkelakuan pseudoplastik dan penambahan gentian
yang dirawat meningkatkan kelikatan disebabkan oleh lekatan kuat pada antara-muka
gentian-matriks. Namun, penggunaan ‘silane’ berkomposisi 2wt% tidak menunjukkan
peningkatan dalam sifat reologinya apabila dibandingkan dengan yang berkomposisi
1wt%. Dari aspek morfologi, kesan kesesuaian ‘silane’ dinilai dari segi orientasi dan
taburan gentian. Kesan komposisi ‘silane’ ke atas morfologi kurang ketara apabila
dibandingkan dengan kesan muatan gentian. Penambahan muatan gentian menyebabkan
kadar ricih yang rendah dan gentian tertumpu pada kawasan periferi dan sebaliknya.
Namun, keputusan menunjukkan PP/BF dengan muatan gentian 10 wt% dan komposisi

‘silane’ sebanyak 1wt% mempunyai kesan kesesuaian yang memberangsangkan.
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CHAPTER 1
INTRODUCTION

1.1  Background

In the past few decades, research and engineering interest has shifted from monolithic
materials to fibre-reinforced polymeric materials. These composite materials (notably
aramid, carbon and glass fibre reinforced plastics) now dominate the aerospace, leisure,
automotive, construction and sporting industries. Synthetic fibres are widely used in
reinforced plastics due to their excellent mechanical properties. However, these fibres
have serious drawbacks in terms of cost-effectiveness and environmental effect. The
shortcomings have been highly exploited by proponents of natural fibre composites
(Wambua et al., 2003).

The primary advantages of using natural fibres as reinforcements in polymer matrix
composites are low density, low cost, nonabrasive nature, high specific strength and
modulus, high availability, and easy recyclability (Gafian & Mondragon, 2003;
Kahraman et al., 2005). Clemons and Caulfield (2005) had reported that one of the
largest areas of recent growth in natural fibre polymeric composites is the automotive
industry, particularly in Europe, where natural fibres are typically combined with
polypropylene, polyester, or polyurethane to produce components such as door, trunk
liners, parcel shelves, seat backs, interior sunroof shields and headrests. Various natural
fibres that have been employed significantly into automotive industry include flax,
hemp, jute, sisal, kenaf, and coir (Bledski et al., 2002).
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In tropical countries like Malaysia, bananas (Musaceae), which are a type of agricultural
crops, are available in abundance. The total planted area of banana in Malaysia is
33,704.2 hectares (MOA, 2006). Banana fibre at present is a waste product of banana
cultivation. Hence, without any additional cost input, banana fibre can be obtained for
industrial purposes. Banana fibre, the cellulosic fibre obtained from the pseudo-stem of a
banana plant, is a bast fibre with relatively good mechanical properties (Pothan et al.,
2003).

There are, however, a few bottlenecks of using natural fibres in polymeric composites,
such as poor wettability, incompatibility of hydrophilic cellulosic fibres and typical
hydrophobic thermoplastic, high moisture absorption by the fibres as well as low
processing temperature permissible (Wambua et al., 2003; Kahraman et al., 2005). The
most important problem is fibre-matrix adhesion. The role of the matrix in a fibre
reinforced composite is to transfer the load to the stiff fibres through shear stresses at the
interface. This process requires a good bonding between the polymeric matrix and the
fibres (Wambua et al., 2003). However, the inherent polar cum hydrophilic nature of the
cellulosic fibres and the non-polar cum hydrophobic nature of polymers result in poor
adhesion at the interface of the two constituents, thus, further consequent in poor
mechanical properties of the natural fibre reinforced polymer composites.

In order to enhance the fibre/matrix interactions, it is possible to employ chemical
treatment such as fibre surface modification or addition of coupling agents (Gafian &
Mondragon, 2004). Various chemical reagents have been studied by researchers to
investigate the compatibilizing effect between the matrix and fibres, such as
organosilane, alkoxysilanes, maleic anhydride (MA), maleated (maleic-anhydride-
modified) polypropylene (MAPP), isocyanates, sodium hydroxide etc. Among these, it
is reported that MAPP has been particularly successful as a coupling agent in cellulose-

polypropylene composites (Kahraman et al., 2005).
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