Faculty of Engineering

PHYSICO-MECHANICAL PROPERTIES OF POLYETHYLENE
REINFORCED WITH OIL PALM FIBER COMPOSITES

Abdul Azim Bin Hamdan

Bachelor of Engineering with Honours

1180 (Mechanical and Manufacturing System Engineering)
P65 2009
Al136



UNIVERSITI MALAYSIA SARAWAK

F13a
BORANG PENGESAHAN STATUS TESIS

Judul; Physico-Mechuanical Properties of Polyethylene Reinforeed with Ol Palm Fiber Composites

SESI PENGAJIAN: 20082009

Saya ABDUL AZIM RIN HAMIDAM
(HURUF BESAR)

mengaku membenarkan tesis * ini disimpan di Pusat Khidmat Maklumat Akademik, Universiti Malaysia
Sarawak dengan syarat-syarat kegunaan seperti berikut:

L. Tesis adalah hakmilik Universiti Malaysia Sarawak,

2, Pusat Khidmat Maklumal Akademik, Universiti Malaysia Sarawak dibenarkan membuat salinan untuk
tujuan pengajian sahaja.

& Membuat pendigitan untuk membangunkan Pangkalan Data Kandungan Tempatan,

4. Pusat Khidmal Maklumat Akademik, Universiti Malaysia Sarawak dibenarkan membuat salinan tesis
i sebagai bahan pertukaran antara institus pengajian tinggai.

5. #=# Sila tandakan { ¥ 1 di kotak vang berkenaan

|_E SULIT (Mengandungi maklumat yang berdarjuh keselamatan atan kepentingan

Malavsia scperti vang termaktub di dalam AKTA BAHSLA RASMI 1972

| TERHAD iMengandungl maklumar TERHAD vang telah ditentukan oleh organisasi/
Fasclan i mana penyelidikan dijalankan).

¥ | TIDAK TERHAT»

[Ysahkan oleh

Py .
1
&
(TANDATANGAN PENULIS) ATANDATANGAN PENYELIA)
Alamat retap;
Mo B2, Tn, Astana, Petra Java, Associate Professor Dr, Sinin Hamdan

Mama Fenvelia

Q2050 Eeching, Sarawak.

Tarikh: 275 - 2004 Farikh: _:,2.%) .§5.49

CATATAN % Tesis dimaksudkan sebagai tesis bagi [aeah Doktor Falsatab, Sarjana dan Sacjana Muda,

E% lika tesis ind SULIT atau TERHAD, sila lampirkan surat daripada pihak
berkuasaforganisasi berkenann dengan menyatakan sekali sebal dan tempoh tesis ini peru
dikelaskan sebagai SULIT dan TERHAD,




APPROVAL SHEET

This project report, which entitled *“Physico-Mechanical Properties of
Polyethylene Reinforced with Oil Palm Fiber Composites”, was prepared by
Abdul Azim Bin Hamdan as a partial fulfillment for the Bachelor’s Degree of
Engincering with Honours (Mechanical and Manufacturing Engineering) is hereby

read and approved by:

ASSOCIATE PROFESSOR DR, SININ HAMDAN
Project Supervisor
Faculty of Engineering

Universiti Malaysia Sarawak



Fusal Rindunal vManiuwnal Akademik
UNIVERSITI MALAYSTA SARAWAK

Physico-Mechanical Properties of Polyethylene Reinforced with Oil

Palm Fiber Composites

ABDUL AZIM BIN HAMDAN

Thesis is submitted to
Faculty of Engineering, Universiti Malaysia Sarawak
In Partial Fulfillment of the Requrements
For the Degree of Bachelor of Engineering

With Honours (Mechanical and Manufacturing Engineering) 2000



Dedicated to my beloved family and friends



ACKNOWLEDGEMENT

1 would like to take this opportunity to express my sincere appreciation to
several individual and parties that give me continuous support and guidance

throughout my final year project period.

First of all, a great appreciation to my final year project supervisor, Associate
Professor Dr. Sinin Hamdan for his useful guidance and kindness in helping me in
my thesis writing. Moreover for his enthusiasm and time spent for discussions, that
clarifies a lot of confusing ideas. Besides, I am grateful to my previous project

supervisor, Dr. Mahbub Hasan for introducing me to this interesting topic.

Next, I wish to express my gratitude to Mr. Md. Rezaur Rahman for his
coaching and guidance in chemical treatment for my OPEFB fiber and composite.
Also thanks to Mr. Sabariman Bakar for his guidance in using tensile and flexural
test machine and Miss Siti Fazilah Mohammad for her help in operating SEM

machine.
Last but not least, I am wvery thankful to my family and friends for their

support and encouragement during the drift and difficult encountered throughout the

project.

1



ABSTRAK

Sifat-sifat fizik dan mekanik komposit polietilena (PE) ditetulang dengan
gentian tandan kosong buah sawit (OPEFB) dengan berlainan pertambahan berat (10,
15, 20, 25 dan 30 brt %) telah diselidik. Dua jenis rawatan kimia seperti agen oksida
natrium metaperoksida dan agen gandingan urea telah diguna untuk memperbaiki
sifat-sifat pada komposit. Fotograf kemikroskopan electron imbasan (SEM) pada ciri
permukaan dan bahagian patah telah diambil untuk dikap antara muka rekatan
gentian/matriks. Pengurangan penggumpalan gentian dan antara muka diperbaiki
melalul permerhatian dengan teliti menggunakan SEM dalam hal komposit PE
ditetulang dengan gentian OPEFB terawat and keserasian diperbaiki dalam hal urea
rawatan PE ditelulang dengan gentian OPEFB terawat. Modulus tegangan dan
modulus lenturan bertambah dengan pertambahan berat
gentian. Walaubagaimanapun, kekuatan lenturan didapati menurun setelah melewati
15% pertambahan berat gentian dan  kekuatan tegangan menurun  dengan
pertambahan berat gentian. Kesan pada penyerapan air keatas komposit juga telah
diperhati dan didapati bahawa komposit PE ditelulang dengan bergentian OPEFB
terawat adalah kurang penverapan air berbanding dengan komposit PE ditelulang
dengan gentian OPEFB tidak dirawat dan urea rawatan PE ditelulang dengan gentian
OPEFB terawat. Pada keseluruhannya, komposit PE ditelulang dengan gentian
OPCFB yang telah dirawat secara kimia menunjukkan gentian/matriks saling tindak
vang lebih baik seperti vang diperhati daripada penyerakan gentian di dalam sistem
matriks. Dibandingkan dengan komposit PE ditelulang dengan gentian OPEFB tidak
dirawat, kesemua komposit gentian OPEFB yang telah dirawal  mempunyai

kecenderungan vang sama untuk meningkat sifat-sifat mekanik pada komposit.



ABSTRACT

The physical and mechanical properties of polyethylene (PE) matrix
reinforced with oil palm empty fruit bunch (OPEFB) fiber composites with different
by weight loading (10, 15, 20, 25, and 30 wt%) have been studied. Two different
types of chemical treatments such as oxidizing agent sodium metaperiodate and
coupling agent urea has been used to improve the properties of the composites.
Scanning electron micrographs photographs of the fractured and surfaces
characteristics were taken to study the fiber/matrix interface adhesion. Reduced fiber
agglomeration and improved interfacial was observed under scanning electron
microscope 1n the case of PE reinforced with treated OPEFB fiber and improved the
compatibility in the case of urea treated PE reinforced with treated OPEFB fiber
composites. Tensile modulus and flexural modulus significantly increased with an
inerease 1n fiber loading. However, flexural strength 1s found decreased beyond 15%
by weight fiber loading and tensile strength significantly decreased with an increase
in fiber loading. Effect of water absorption on the composites was also observed and
it was found that PE reinforced with treated OPEFB fiber composites are less
absorbed by water compared with PE reinforced with untreated OPEFB fiber and
urca treated PE reinforced with treated OPEFB fibers composites, Overall,
chemically treated PE reinforced with OPEFB fiber composites showed better
fiber/matrix interactions as observed from the good dispersion of fibers in the matrix
system. Compared to the PE reinforced with untreated OPEFB fiber composites, all
treated OPEFB fiber reinforced composites had same tendency to shightly increase

the mechanical propertics of composites.
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CHAPTER ONE

INTRODUCTION

1.1 Introduction to natural fiber reinforced composites

Natural fiber reinforced composites (NFRC) are finding much intercst as a
substitute for glass or carbon reinforced polymer composites [1]. Natural fibers, as
reinforcement, have recently attracted the attention of researchers because of their
advantages over other established materials. There are quite a few in favor of natural
fibers if compared with other synthetic fibers, glass or carbon fibers, They are
environmentally and economically [riendly because they are fully biodegradable,

abundantly available, renewable, cheap and low density.

When natural tiber-reinforced plastics are subjected to combustion process or
landfill at the end of their life cycle, the release some amount of CO:z which is neutral
with respeet to the assimilated amount during their growth [2]. The abrasive nature
of fiber 15 much lower which leads to advantages in regard to technical process and
recycling process of the composite materials in general. Natural fiber-reinforced
plastics, using biodegradable polymers as matrices, are the most environmental
friendly materials, which can be decomposed at the end of their hife cycle. Natural

[iber composites are used in place of glass mostly in non-structural applications, A



number of automotive components previously made with glass fiber composites are

now being manufactured using environmentally friendly composites [3].

Since Malaysia is one of the leading producers and exporters of palm oil, it
generates large amounts of oil palm empty fruit bunch (OPEFB) waste biomass
during palm oil extraction process in various palm oil mills, In Malaysia alone large
amount of oil palm biomass are generated by the palm oil industry, for example 5000
million tones of felled trunk in 2000 [4], 36 millions tones per year of fronds from
pruning and replanting [5] and 5.2 millions tones per annum of empty-fruit bunches
(EFB) in 2002 [6]. In the oil extraction process the fruits or nuts are first stripped
from fruit bunches, leaving behind the empty-fruit bunches as waste. The abundance
of OPEFB has created an important environmental issue such as fouling and
attraction of pests. However from this waste, valuable fiber can be obtained for
manufacturing board and paper. Until now, OPEFB fibers have not yet reached its
full potential in manufacturing industries and 1t 1s still quite new before it can be
implemented in wider scale. This is because the physical and chemical nature of the

fibrous strands prepared from OPEFB has not yet been investigated in detail.

1.2 Problem statement

Although natural fibers and their composites are environmental triendly and
renewable (unlike traditional sources of energy, i.e., coal, il and gas), these have
several disadvantages. They have poor wetability, incompatibility with some
polymeric matrices and high moisture absorption [7]. Composite materials made with
the use of unmodified plant fibers frequently exhibit unsatisfactory mechanical

propertics. To overcome this, in many cases, a surface treatinent or compatibilizing

-



agents need to be used prior to composite fabrication. The properties can be
improved both by physical treatments (cold plasma treatment, corona treatment) and
chemical treatments (maleic anhydride organosilanes, 1socyanates, sodium hydroxide
permanganate and peroxide) [8]. Mechanical properties [9] of natural fibers are much
lower than those of glass fibers but their specific properties, especially stiffness, are

comparable to the glass fibers.

1.3 Introduction to the project

This project is only about finding the physical and mechanical properties of
thermoplastic polyethylene reinforced by OPEFB fiber. This project focuses on
finding the tensile strength and tensile modulus from the tensile test experiment.
From the three point flexural test, the flexural strength and modulus of clasticity are
determined. Next stage is the water absorption test of the composite, where the water
absorption of the composite 1s measured to find the increase in weight percentage
during 1mmersion. The physical properties are determined by using the scanming
electron microscope (SEM) where the fracture part of the tensile test specimen is

examined.,

The project begins by studying the oil palm empty fruit bunch (OPEFB) fiber
and the polyethylene matrix. The process of the producing the sample the specimen
15 focused. Producing composite is the hardest task because only the finest specimen
will produce accurate results. Afier studving the OPEFB fiber characteristics and
properties, the finest OPEFB fiber can be produced. The charactenstc of
thermoplastic polyethylene is also very important and must be studied because it will

be essential during producing the composite process. Next is to select the oxidizing

Lad



agent for the chemical treatment of the OPEFB fiber and coupling agent for the

physical treatment of the treated fiber composite.

1.4  Aim and purpose

The aim of this project is to find out the physical and mechanical propertics
of three tvpes of composites. The first type 1s thermoplastic polyethylene reinforeed
by raw oil palm empty fruit bunch (OPEFB) fiber composite. The second type is
thermoplastic polyethylene reinforced by pre-treated OPEFB fiber composite. Final
one is post-treated of thermoplastic polyethylene reinforced by pre-treated OPEFB
fiber composite. Each of these composites 15 compared using their propertics
obtained from the experiment that have been conducted. Mechanical properties are
determined by tensile test, flexural three point bending test and water absorption test,
while the physical properties are determined by scanning electron microscopic test.
Expenments are conducted on these three composite specimens. When all of the
experiments are being conducted, the results are used to compare them to determine

their properties.

1.5 Scope of the project

In the beginning of this project, thorough study about the compaosite, natural
fiber composite, thermoplastic matrix, thermoplastic polyethylene matrix  and
OPEFB fiber is conducted, All this information must be gathered because this project
is about thermoplastic matrix reinforced by natural fiber. All the information
gathered are combined and used for writing the literature review described in chapter

.8
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The process of producing the composite need to undergo a few stages before
it can be prepared for testing. The fiber loading is varied at 10, 15, 20, 25 and 30
weight percentage during composite manufacturing. This project is  only
concentrating on the mechanical and physical properties of the composite. To be
more specific, on mechanical properties part, the tensile strength and Young’s
modulus from tensile test, flexural strength and modulus of elasticity from three
point bending flexural test and increase in weight percentage during immersion from
water absorption test are obtained. The physical properties are determined by using
the scanning electron microscope (SEM) the fracture part of the tensile test specimen
is examined.

This report contains 5 chapters which are introduction, literature review,
methodology,  results, analysis  and  discussions and  conclusions and
recommendations. For introduction, it concerns more on the purpose. aim and
problem that need to be overcome in this project. Chapter 2 concentrates on
information from internet, thesis, journal and books that relate to the project.
Chapters 3 explain procedure that are needed to be carry out to overcome problem
and reach the project aim. Chapter 4 is focusing on results that are supported with
data, plots and graphs comprehensive conclusions that is translate from the result.
This result 1s derived from predefined methodologies and parameters. Finally chapter
5 is highlighting the overall conclusions of the project discussing the objectives and

aim and recommendations on improving the project due to limitations of the project.



