UNIVERSITI TEKNIKAL MALAYSIA MELAKA

Faculty of Mechanical Engineering

INVESTIGATION ON PHYSICAL, THERMAL, MECHANICAL AND
MORPHOLOGICAL PROPERTIES OF KENAF REINFORCED
RECYCLED POLYPROPYLENE/POLYETHYLENE COMPOSITES

Muhammad Taufig bin Jumadi

Master of Science in Mechanical Engineering

2018



INVESTIGATION ON PHYSICAL, THERMAL, MECHANICAL AND
MORPHOLOGICAL PROPERTIES OF KENAF REINFORCED RECYCLED
POLYPROPYLENE/POLYETHYLENE COMPOSITES

MUHAMMAD TAUFIQ BIN JUMADI

A thesis submitted
in fulfilment of the requirements for the degree of Master of Science
in Mechanical Engineering

Faculty of Mechanical Engineering

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

2018



DECLARATION

I declare that this thesis entitled “Investigation on Physical, Thermal, Mechanical and
Morphological Properties of Kenaf Reinforced Recycled Polypropylene/Polyethylene
Composites” is the result of my own research except as cited in the references. The thesis
has not been accepted for any degree and is not concurrently submitted in candidature of any

other degree.

Signature @
Name L s

Date TP



APPROVAL

I hereby declare that | have read this thesis and in my opinion this thesis is sufficient in terms

of scope and quality for the award of Master of Science in Mechanical Engineering.

Signature e,
Supervisor Name @ .

Date e



DEDICATION

| dedicated this research work for knowledge and to my beloved mother and father.



ABSTRACT

The recycled plastic extracted from rejected-unused disposable diapers (RUDD), which
contains thermoplastic polymer such as polypropylene (PP) and polyethylene (PE) has
potential to be used as natural fibre composite matrix. However, the knowledge of producing
natural fibre composite (NFC) by using recycled plastic derived from RUDD and natural
fibre is still limited in publication. Therefore, this research was conducted to study the
physical, thermal, mechanical, and morphological properties of kenaf fibre reinforced
recycled PP/PE (r-PP/PE) that derived from RUDD. The first objective was to identify the
optimum processing temperature of composite using recycled plastic (r-PP/PE). The second
objective was to evaluate the differences between recycled (r-PP/PE) and virgin (v-PP/PE)
blends with regards to their thermal, mechanical, and morphological properties. The third
objective was to study the effect of kenaf fibre loadings (0, 30, 40, 50, and 60 wt.%) on the
physical (density, and water absorptivity), thermal (melting point), mechanical (hardness,
tensile, flexural, and impact strength), and morphological properties of NFC. The final
objective was to characterize the influence of water absorptivity on the NFC mechanical and
morphological properties. Test results showed the maximum tensile properties for r-PP/PE
blend was obtained at processing temperature of 180 °C. Thermal examination on r-PP/PE
and v-PP/PE showed immiscibility between PP and PE elements in both blends. In addition,
the degree of crystallinity and homogeneity were lower for r-PP/PE as compared to v-PP/PE,
which resulted in lower mechanical properties for r-PP/PE. Furthermore, the increment of
kenaf fibre loadings into r-PP/PE increased the specific density, water absorptivity, and
thickness swelling properties of the composites without significant change on the melting
temperature. Meanwhile, the optimum values for hardness, tensile strength, flexural
strength, tensile modulus, and flexural modulus of kenaf reinforced r-PP/PE were obtained
at fibre loading of 50 wt.%, 30 wt.%, 60 wt.%, 40 wt.% and 60 wt.%, respectively. Higher
kenaf fibre loadings also reduced the composites impact strength. The conducted
morphological analysis also revealed the occurrence of failure modes, which were due to
poor fibre-matrix interfacial adhesion that causing fibre pull-out and void formation. Apart
from that, the fibre breakage and matrix cracking were also observed. Finally, it was also
found that water absorptivity reduced the kenaf reinforced r-PP/PE composites tensile and
flexural properties. However, water absorptivity improved the composites impact strength.
In conclusion, kenaf reinforced r-PP/PE composites derived from RUDD showed
tremendous potential to be applied for practical applications.



ABSTRAK

Plastik yang diekstrak daripada lampin pakai buang yang ditolak dan tidak digunakan
(rejected-unused disposable diapers, RUDD) mengandungi polimer termoplastik seperti
polipropilena (PP), dan polietilena (PE) berpotensi untuk digunakan sebagai matriks
komposit serat semula jadi (natural fibre composite, NFC). Namun, pengetahuan tentang
penghasilan NFC daripada plastik kitar semula diekstrak dari RUDD dan serat semula jadi
masih terbatas. Oleh yang demikian, penyelidikan ini telah dijalankan untuk mempelajari
sifat fizikal, termal, mekanikal, dan morfologi komposit PP/PE kitar semula (r-PP/PE)
bertetulangkan kenaf. Objektif pertama adalah mengenalpasti suhu pemprosesan optimum
bagi sebatian r-PP/PE. Objektif kedua adalah menilai perbezaan antara campuran kitar
semula dan tulen (v-PP/PE) dalam aspek sifat termal, mekanikal, dan morfologi. Objektif
ketiga adalah untuk mengkaji kesan penambahan serat kenaf (0, 30, 40, 50, and 60 wt.%)
terhadap sifat fizikal (ketumpatan spesifik dan keserapan air), termal (suhu lebur dan darjah
kekristalan), mekanikal (kekerasan, tarikan, lenturan, dan kekuatan impak bahan) beserta
sifat morfologi. Objektif terakhir ialah menyelidik kesan serapan air terhadap ciri-ciri
mekanikal dan morfologikal NFC pada kandungan serat kenaf yang berbeza. Keputusan
ujikaji menunjukkan sifat tarikan maksimum telah dicapai dengan menggunakan suhu
pemprosesan 180 °C. Pemeriksaan termal terhadap r-PP/PE dan v-PP/PE menunjukkan
kedua-dua campuran mengalami ketaklarutcampuran (immiscibility) di antara unsur PP
dan PE. Di samping itu, darjah penghabluran dan kehomogenan yang rendah bagi r-PP/PE
berbanding v-PP/PE telah menyebabkan kerendahan pada sifat mekanikal r-PP/PE. Selain
itu, penambahan serat kenaf ke dalam r-PP/PE juga telah menambah sifat ketumpatan
spesifik, keserapan air, dan pembengkakkan ketebalan serta tidak menunjukkan perubahan
ketara pada suhu lebur r-PP/PE. Sementara itu, nilai optimum r-PP/PE bertetulang serat
kenaf yang diperoleh bagi sifat kekerasan, kekuatan tarikan, kekuatan lenturan, modulus
tarikan, dan modulus lenturan ialah pada kandungan serat 50 wt.%, 30 wt.%, 60 wt.%, 40
wt.% dan 60 wt.%. Penambahan kandungan serat kenaf juga telah mengurangkan sifat
kekuatan impak bahan. Analisa morfologi yang dijalankan menunjukkan mod kegagalan
yang berlaku adalah disebabkan kekuatan lekatan antara serat-matriks yang lemah,
menyebabkan serat tercabut dan pembentukan lowong. Di samping itu, kerosakan pada
serat dan keretakkan pada matriks juga telah dicerap. Keputusan kesan keserapan air telah
menurunkan sifat-sifat mekanikal r-PP/PE bertetulang kenaf tetapi telah menambahbaik
sifat kekuatan impak bahan. Kesimpulannya, r-PP/PE yang diekstrak dari RUDD
bertetulangkan kenaf menunjukkan potensi yang cerah untuk digunakan bagi aplikasi
praktikal.
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CHAPTER 1

INTRODUCTION

1.1  Background

The development of natural fibre composite (NFC) as green material is driven by the
awareness of developing sustainable products. The declining of petroleum sources and
rigorous environmental regulations have stimulated the interest in developing new materials
and products that are compatible with the environment and independent of fossil fuel
(Mohanty et al., 2005). As matter of fact, NFC has very wide applications. In automotive
industry, the first attempt of using NFC had been initiated since early 1930, when Henry
Ford strongly advocated the use of NFC for exterior components (Holbery and Houston,
2006). Besides that, NFC had been used in many other applications such as in construction,
marine, and aerospace (Ashori, 2008). In construction industries, NFC has been used mainly
for decorations, roof, sidewalk, insulations, beam, and column (Fan and Fu, 2017). Despite
its eco — friendly characteristic, NFC can also stimulate the economic growth for certain
countries by offering various material options for building construction, as mentioned by
Klyosov (2007).

By looking at national perspective, there are several available natural fibre resources
in Malaysia that are economical and can be used as NFC such as agricultural products and
agricultural wastes. The use of oil palm empty fruit bunch fibre (OPEFB) as NFC is one of
the example of utilizing the agricultural waste for NFC production (Jawaid et al., 2011;
Zailuddin and Husseinsyah, 2016; Saba et al., 2016). On the other hand, kenaf fibre is a good

example of natural fibre extracted from renewable agricultural sector. Since 1999, the
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Government had initiated the effort of using kenaf as a potential crop to replace tobacco
(Hadi et al., 2014). This led to the opening of 2,000 hectares of kenaf cultivation area across
Perak, Kelantan, Terengganu, Pahang, and Selangor. This cultivation area is expected to
grow up to 10,000 hectares in 2020, which indicating the vast availability of kenaf fibre
resources to support mass production activities (Mansor, 2014).

Known as renewable resource and biodegradable to environment, kenaf fibre also
possesses equivalent mechanical properties as compared to other natural fibres that are
available in market such as flax, jute, hemp, and sisal. According to Akil et al. (2011), the
tensile strength and modulus of kenaf fibre were 930 MPa and 53 GPa respectively, which
were comparable to tensile strength and modulus of flax (345 — 1500 MPa and 27.6 GPa),
jute (393 — 800 MPa and 13 — 26.5 GPa), and hemp (690 MPa and 70 GPa). In addition, the
tensile modulus of kenaf fibre is also approaching the tensile modulus of glass fibre (73 GPa)
and Kevlar fibre (60 GPa).

In the process of producing composite with environmental friendly features, the
selection of composite matrix is important. Thermoplastic is a matrix that plays vital role in
NFC production (Fowler et al., 2006). It is a synthetic polymer produced from petroleum,
which able to undergo repeatable heat — cool process. Usually, thermoplastic becomes soft
and melts when heat is applied above certain temperature, and harden when it is cooled
(Callister and Rethwisch, 2010). As a matrix, it holds the fibres together, spreads the applied
loads to those fibres and insulates them from mechanical damage and other environmental
factors. In addition, the natural fibre can reinforce the composite structure by providing
strength and stiffness (Fowler et al., 2006). As mentioned by Jawaid and Abdul Khalil
(2011), the common thermoplastics used for NFC were polypropylene (PP), polyethylene
(PE), polyvinyl chloride (PVC), poly carbonate (PC), and natural rubber (NR), which were

chosen based on the targeted applications. For example, Bayer et al. (2017) mentioned that,
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polypropylene (PP) and polyvinyl chloride (PVC) were usually used for window profiles
and interior decking. The interest in using thermoplastic is escalating due to its eco —
friendly, low cost, and low processing temperature, thus lower the energy consumption for
mass production (Mansor, 2014).

The development of NFC can be done by improving the matrix properties. The use
of improved matrix can enhance the wood composite mechanical properties, thermal
properties and durability over the climatic changes. One of the common improved matrix is
blended matrix, which contains two or more distinct types of thermoplastics, for instance
polypropylene/polyethylene blend (PP/PE). Tai et al. (2000) reported the impact study of
PP/PE, meanwhile Bertin and Robin (2002), and Strapasson et al. (2005) reported the
mechanical, thermal, and morphological properties of the blend. These findings consisted
the study on effect of temperature variation and blending ratio towards material properties.

In this research work, the PP/PE blends were reinforced with kenaf fibre, exemplified
the work undertaken by several researches (Adhikary et al., 2008a; Gao et al., 2012; Turku
et al., 2017). The used PP and PE were derived from secondary source, called as rejected-
unused disposable diapers (RUDD). The NFCs that are produced for this research work were

later tested to identify the physical, mechanical, thermal, and morphological properties.

1.2 Problem Statements

The polyvinyl chloride (PVVC) has been used for NFC production since decades ago
and still used up to this date. The use of PVC in NFC is risky as it is able to emit hazardous
gases for a long term use (Lundgren, Jonsson and Ek-Olausson, 1999). The hazardous gas
can induce health problems and reduce the green material specialities. Therefore,
polypropylene and polyethylene are the plastic commodity that can be used as a substitute

for PVC.



Instead of using virgin plastics, some researchers have used recycled plastics for the
NFC development. The application of recycled plastics is able to support the reduce, reuse
and recycle (3R) campaign as well as promoting the “waste to wealth” initiative. This also
leads in reducing the abundance of plastic waste in landfill. The untapped-potential of
recycled plastic that containing PP and PE is the recycled plastic derived from rejected-
unused disposable diapers (RUDD). The plastic and absorbent agent are separated and exiled
so that the recycled plastic is only having PP and PE. The ratio of PP and PE from the sourced
plastic is in the average of 70:30 wt.%. Although this recycled plastic has the potential to be
used for NFC production, there is a need to find the optimised processing temperature. This
IS because the excessive heat can lead to thermal degradation of thermoplastic polymer. In
addition, the origin of PP and PE that sourced from recycled materials is expected to have
lower mechanical properties as compared to virgin PP and PE.

Kenaf fibre is a commodity of natural fibre that is available in Malaysian market and
possesses comparable properties as other type of fibres. The cultivation of kenaf in Malaysia
is including for the seed, beach ridges, fibre, and forage productions (Hadi et al., 2014).
Kenaf fibre composite has met the potential applications such as for automotive headliners
(Chen et al., 2005) and fire retardant (Hao, 2017). Thus, there is potential application of
recycled plastic that derived from RUDD with reinforced by kenaf fibre as to produce the
NFC. However, the information on processing temperature and material properties of this
composite still limited in publications. Therefore, it is vital to find the optimum formulation
and the material properties such as physical, thermal, mechanical, and morphological
properties. In addition, the durability performance by evaluation on the effect of water
absorption towards the mechanical and morphological properties also can be conducted as

the added values for this composite for the future applications.



