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ABSTRACT

Polymer foam biocomposites based on polypropylene/rice straw (PP/RS)
were successfully prepared by using an extrusion foaming process. The
compounding of PP and RS was performed in a twin-screw extruder which was
blended with  crosslinker; dicumyl peroxide (DCP), blowing agent;
azodicarbonamide (AZ) and different compatibilizers; polypropylene maleic
anhydride (PPMAH) and ULTRAPLAST™ TP10. Compatibilizers were utilised to
improve poor interfacial interaction between hydrophilic rice straw and hydrophobic
matrix polypropylene. The foam biocomposite was extruded at temperatures of 180,
190, 190 and 200 °C respectively, which set from the feeder until the die zone. Each
sample has five different series of formulations. The density test, water absorption
test and gel content test were conducted to study the physical properties of PP/RS
biocomposite foam. The thermal properties were also investigated by using
differential scanning calorimetry (DSC) and thermal gravimetric analysis (TGA).
Meanwhile, the morphologies of the biocomposite foams were observed through
scanning electron microscopy (SEM). The incorporation of PPMAH or TP10
improved the compatibility and processability of PP/RS biocomposite foam. This
formulation has produced a good cell structure, lower density of biocomposite,

improved the water uptake resistance and exhibited the best crosslinking density.



Vi

ABSTRAK

Polimer busa biokomposit berasaskan polipropilena / batang padi (PP / RS)
telah berjaya dihasilkan melalui proses penyemperitan berbusa. Pencampuran
polipropilena batang padi telah dijalankan dengan menggunakan penyemperit skru
berkembar dan digabungkan dengan bahan-bahan penyambung silang; dikumil
peroksida (DCP), ejen pembusa; azodikarbonamida, (AZ) dan penyerasi yang
berbeza; polipropilena maleik anhidrida (PPMAH ) dan ULTRAPLAST™ TP10.
Penyerasi digunakan untuk meningkatkan kelemahan interaksi antara muka di antara
batang padi yang bersifat hidrofilik dan polipropilena matriks yang bersifat
hidrofobik. Busa biokomposit ini disemperit pada suhu 180, 190, 190 dan 200 °C
yang ditetapkan dari zon penyuap sehingga zon dai. Setiap sampel berbeza-beza dari
segi muatan atau kepekatan yang melibatkan lima siri formulasi. Ciri-ciri fizikal
biokomposit polipropilena / batang padi berbusa dikaji melalui ujian ketumpatan,
ujian penyerapan air dan ujian kandungan gel. Sifat-sifat haba juga dikaji dengan
menggunakan kalorimeter pengimbasan pembezaan (DSC) dan analisis gravimetrik
terma (TGA). Pencirian morfologi bagi biokomposit berbuih PP/RS diperhatikan
dengan menggunakan mikroskop imbasan elektron (SEM). Penambahan PPMAH
atau TP10 telah meningkatkan keserasian dalam pemprosesan biokomposit berbusa
PP/RS. Formula ini telah menghasilkan satu struktur sel yang baik, ketumpatan
biokomposit yang lebih rendah, meningkatkan rintangan serapan air dan ketumpatan

sambungsilang yang terbaik.
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CHAPTER 1

INTRODUCTION

1.1  Research Background

The combination of various synthetic reinforcing fillers with many polymer
composites has been initiated during the past decades. The improvement of
mechanical properties and obtained the demand characteristics in actual applications
has become the main purposes in modification of composites. The Greenpeace
groups and NGOs have addressed the bad impact of those synthetic reinforcing
fillers on the environment which has become the global issue (Nourbakhsh et al.,
2011). As a result of growing awareness of global environment, the green products
which have criteria such as the sustainability, eco-efficiency, industrial ecology,
green chemistry and engineering is integrated into the development of new products.
Hence, studies are proceeded to find ways in utilizing the natural fillers as the
replacement of synthetic fibers as reinforcing fillers. The polymers are obviously
involved into this tendency and numerous bio-polymer involving natural fibers such
as jute, kenaf, sisal, wheat straw, rice husk and rice straw have been elaborated
(Alemdar and Sain, 2008).

Natural fiber as reinforcement in plastics is very different than the other
reinforcement due to its better properties itself such as flexibility, lightness, easier
and safer in handling and working condition, easy to fabricate on intricate required
shape with economic savings. They are broadly known and utilized in many areas



such as building industry, transportation and consumer goods (Satyanarayana et al.,
1990).

The utilization of natural fibers in biocomposites grows rapidly as its abilities
and latent qualities for various applications which was required nowadays. The
biodegradable and renewable properties are really needed as reinforcing fillers in
polypropylene composite (Nourbakhsh et al., 2011). Polypropylene added with rice
straw fiber systems had comparable physico-mechanical properties and
characteristics with those of wood composites. Chemically, lignocellulosic rice
straw fiber has similar compositions as other natural fibers used in thermoplastics
(Yao et al., 2008). From Wu et al. (2012), the crystallinity of untreated and treated
rice straw cellulose fibers recorded closed differences which are 71.3% and 72.9%
separately and enhanced the elastic modulus of rice straw fibrils (RSF)/PP

nanocomposites.

Recently, some progress has been made in the study regarding the foaming of
the polymer biocomposites which has contributed to the synergism properties. The
combination of the enhanced mechanical and physical elements has improved the
specialty of properties on biocomposite foam products (Kiliaris and Papaspyride,
2010; Satyanarayana et al., 2009).

Polymer foams can be generally classified as macro-cellular, micro-cellular
and ultra-micro-cellular ones. Many advantages exhibit on foaming polymers over
unfoamed polymers such as higher impact strength, higher toughness, and higher
stiffness to- weight ratio, higher fatigue life, higher thermal stability, lower dielectric
constant, and lower thermal conductivity (Xu et al., 2007). Environmental concern
of waste reduction helps to transfer the previous tradition of burning for disposal of
natural fibers by utilizing them as fillers. Increasing the utilization of fibers, may
solve the pollution problems. The improvement of foaming the polymer
biocomposites really works because it will reduce the consumption of polymer’s
resins which can directly reduce the material costs and enhanced the physical
properties such as lightness. Previously, many foaming researches have been done

on the polymer biocomposite. It has result the improvement in mechanical and



physical properties of the biocomposites as mentioned by the many researchers.
Those researches normally focused on the effect of the formation or the existence of
the bubbles nucleation and growth in the biocomposite. Lee et al. (2005) reported
that the good dispersion of small amount of foaming agent which is called as denser
matrix in thermoplastic tend to initiate the nucleation sites to ease the foam
nucleation process thus encourage the macroscopic mechanical enhancement.
Foaming polyethylene was widely accepted and done by researchers instead of
polypropylene as reported by Abe and Yamaguchi (2000), where in their study of
foaming crosslinked polyethylene, the degree of shrinkage reduced with the

increasing of crystallization temperature Tc, due to the immediate crystallization.

Thus, an effort need to be taken in realizing this study by compounding the
rice straw (RS) and polypropylene (PP) matrix followed by foaming process, in order

to investigate the performance of the PP/RS biocomposite foam.

1.2 Problem Statement

The utilization of natural filler as reinforcement in thermoplastics is widely
known among researchers in order to enhance or improve the mechanical and
physical properties of biocomposites. Rice straw is one of the most arising natural
fiber utilized as the filler in thermoplastics due to its good thermal stability than the
others natural fiber (Nallis, 2009). The utilization of rice straw also giving the
additional advantages where it is easily crushed into chips or particles and had the
similarity to wood fibers (Buzarovska et. al., 2008). Previously, the abundance of
rice straw after the paddy field harvested has worried or giving many potential
difficulties to environmental problems all over the world (Nallis, 2009). Thus, many

efforts have been done from researcher to reduce the waste of this rice straw.

Nowadays, the foamed plastics are stronger than their non-foamed plastics
because of the lightness in weight, clearly noticeable cost-to-performance and

favorable strength-to-weight ratios (Thorne, 1996). Due to these special and unique



properties, microcellular or foamed plastics can be used in many applications either
in automotive and aerospace industries, containers, sporting goods and thermal and
electrical insulators. If the biocomposites can be foamed effectively with intended
results, the utility of materials can be enhanced by having the good foam cell-
structures in the composite (Rizvi et al., 2000). The modification on mechanical
properties and density especially, has encouraged the utilization of foaming agent in
the production of biocomposites foam. In certain case, it would be very difficult to
obtain the demanded properties in the biocomposite, thus the foaming technology has
been contributed in realizing it. The techniques become more economically
attractive as the lower density can be achieved (Han et al., 1976). In this research,
the investigation more focused on the loading of rice straw as filler,
azodicarbonamide as foaming agent and dicumyl peroxide as crosslinker on the

PP/RS biocomposite foam.

1.3 Objectives of Study

The overall objective of this study was to investigate the properties of foamed
PP/RS crosslinked with dicumyl peroxide via in-situ process whereby foaming agent,
crosslinker and compatibilizer were added simultaneously together during extrusion

to foam products. These objectives were subdivided into:

1) To investigate the effect of rice straw filler loading on the properties of
PP/RS biocomposite foam such as morphology, thermal stability, density,
thermal properties and water absorption.

2) To study the effect of foaming agent loading on the properties of PP/RS
biocomposite.

3) To determine the effect of dicumyl peroxide crosslinker on the properties of
PP/RS biocomposite foam.

4) To analyze the effect of compatibilizers on the properties of PP/RS

biocomposite foam.



1.4 Scope of Study

This study focused on the in-situ compounding and foaming processes in the
extruder. The investigation involved the gas bubbles formation in the polymer melt
biocomposite. Materials used in this study were polypropylene (PP), rice straw (RS),
azodicarbonamide (AZ), dicumyl peroxide (DCP) and two types of compatibilizers;
maleic anhydride polypropylene (PPMAH) and Ultra-plust TP10. Every series was
compounded together and extruded through the twin screw extruder with the fixed

temperature for every zone at the extruder.

Compositions of materials used are as follow:

(a) Rice straw in a powder form was used at different loading; 0 wt% to 50
wt%.

(b) Azodicarbonamide in a granule form was used at different phr; 1.5 phr to
3.0 phr.

(c) Dicumyl peroxide in a powder form was used at different phr loading; 0.5
phr to 2.5 phr.

(d) Compatibilizers (PPMAH and TP10) in a granule form were used at
different phr; 0 phr to 10 phr.

The compositions of materials were taken variously in order to study the
effects, the degree of foaming, types of cells formed and distribution of the gas
bubbles in the polymer melt. SEM micrographs were used to characterize the pattern
and types of foam cell structures produced in composites. The thermal properties
and crystallinity of biocomposite foam were studied by using the differential
scanning calorimetry (DSC) while thermogravimetric analysis (TGA) was used to
measure thermal stability in a material as a function of temperature (or time) under a

controlled atmosphere.

The testings and analyses involved in this study are density measurement for
various formulations which were recorded by density Mettler Toledo. ASTM D2842

were used to determine water absorption of rigid cellular plastics and ASTM D2765



were used to determine the gel content or crosslinked density of crosslink foam
plastics by extracting the samples with solvents such as decahydronaphthalene or

xylenes.

1.5  Significance of Study

Polypropylene/rice straw foam based on chemical foaming agent give a quite
similar function as synthetic wood which will replace the usage of the wood in
construction and manufacturing based on wood (furniture) industries around the
world. In enhancing the properties of products with remain original properties, the
same products with new properties can be realized. In addition, the foaming agent

enhanced the light weight of the material to suit the order of consumer needs.
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