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CHARACTERIZATION OF PALM OIL EMPTY FRUIT BUNCH (POEFB)

VIA ENZYME TREATMENT

ABSTRACT

Lignocelluloses based natural fiber is being used as an alternative to traditional glass
and carbon fiber in the composite materials due to its low density and higher specific
properties. These reinforced plastics have got prospective applications in various
sectors, including construction materials such as windows, sidings and roof tiles,
grain and fruit storage and footwear, car door panel, consoles, seat backs, packaging
and so on One of the natural fibers considered is palm oil empty fruit bunches
(POEFB) fibers which offer advantages such as availability, renewability, low cost
and the established technology to extract the fibers. POEFB is easily obtainable as
wastage from palm oil industries but has not yet been fully materialized in the
fabrication of biodegradable composites. The current work is focused on the
treatment of POEFB fiber with enzyme. Surface modifications for better adhesion
between fiber and matrix were carried out by Laccase enzyme treatment. Enzyme
treatment here was analyzed by placing 2 mg of Laccase enzyme in 4 beakers and the
POEFB is treated for 2,4,6 and 8 hours simultaneously. The POEFB fiber is then
analyzed via Lignin test, water absorption test and tensile test. It was determined that
4 hour treated fiber presented a higher lignin lost and a significant increase in

mechanical properties.
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PENCIRIAN BUAH TANDAN SAWIT MINYAK KOSONG (POEFB) VIA

RAWATAN ENZIM

ABSTRAK

Lignocellulose berasaskan gentian semula jadi kini digunakan sebagai alternatif
kepada gentian kaca dan gentian karbon dalam bahan komposit kerana kepadatan
rendah dan sifat-sifat fizikal tertentu yang lebih tinggi. Plastik bertetulang telah
mendapat pengiktirafan dalam aplikasi termasuk bahan-bahan pembinaan seperti
tingkap, jubin bumbung, penyimpanan bijian dan buah-buahan, kasut, panel pintu
kereta, konsol, belakang kerusi, pembungkusan dan sebagainya. Salah satu gentian
asli yang dipertimbangkan adalah buah tandan kelapa sawit kosong (POEFB).
Gentian ini menawarkan kelebihan seperti ketersediaan, pembaharuan, kos rendah
dan kesediaan teknologi untuk mengekstrak gentian ini. POEFB mudah diperolehi
sebagai pembaziran daripada industri minyak sawit tetapi masih belum digunakan
sepenuhnya dalam fabrikasi komposit terbiodegradasi. Kerja semasa tertumpu
kepada rawatan gentian POEFB dengan enzim. Pengubahsuaian permukaan untuk
lekatan yang lebih baik antara gentian dan matriks telah dijalankan oleh rawatan
enzim Laccase. Rawatan enzim di sini telah dianalisis dengan meletakkan 2 mg
enzim Laccase dalam 4 bikar dan POEFB dirawat selama 2,4,6 dan 8 jam secara
serentak. Serat POEFB kemudiannya dianalisis melalui ujian lignin, ujian
penyerapan air dan ujian tegangan. la telah ditentukan bahawa serat 4 jam dirawat
dibentangkan lignin yang tinggi hilang dan peningkatan yang ketara dalam sifat-sifat

mekaniknya.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Polymers are substances containing a large number of structural units joined
by the same type of linkage. These substances often form into a chain-like structure.
The word polymer is derived from the Greek polys, which means ‘many’, and meros,
which means ‘part’, in other words, a polymer is something that consists of many

parts.

This feature of long molecular chains gives polymers the special properties
that make them useful plastic and rubber materials. Polymers are produced via
polymerization where small simple monomers are linked to produce a long chain
molecule in general. The history of polymers started way back in the Egyptian era as

follows -



tmlrbbes withaulforand heating it
0 270 degmee s Faore aheit. Vlocanized
mithe iz a polsriexic substances tiatis
e e duable thanits namral conn-
®roar. IS most oo oo vse bdav IS in

Eitshexplomers diseovrer
Tie ame ien: Mavan civilizstion in
Cenfral Amedcs. The Mavans aoe as
auied O b2 ajwong he firstto find an
Applcation for polvme 13, az Thedrchid=n
wewe fond of pleving writh ells made

amoraotile tives .

The cldest mwcorded svche-
t: plastc i fabricaed bwLen
Bakaland. Bakelite's hardnessand

high Feat resistwity mada it anexe ellent
choire =3 an el ecirical insvlator.

Q-7

HISTORY
OF POLYMERS

H-oawrcrrstallograohs is in-
wented aza method of analve2ing
ciwstal stnactuces  Eight weaxs laer,
s method is vaed e M. Poliocd 1o
Lizeovzx the chemivalstmctire of celln-
ose. This establishes the fact that pok~-
WLer it cellz contain sections of Jong
chain molec ules rather than amall

micleculs speces.

197
Largz scale prodweton of

win¥-chloride resin: begine. This
posAeri: compoind continmes o be
wide Iv 1324 oday 0 mxake plombing

PV pipe, Tutery He, and bottles
= ?

Stavdirger prhlizhed his
clazzic paperentitled “TTher
yineT Eation ™ Pahlication of this
[aper eraldel a decade of inteise e
archand prezeated to the wioxll the
derrelopin et of ynodern poner e o,

Figure 1.1: Historical Background of Polymer



1938
Wallace Crarothe s of the
Dupont company produces anothe r
well known polvme e product, nvlon.

Hylom 132 comumon material vsed today
o for such applications as ropes and clothes. =

Polwstyrene iz invented.

Thiz polymeric material is vaed
in videocasettes and other packaging.

Expanded polvstvrens {comunonl ¥ called
Stwnfoam) i3 nsed in cups, packaging,

and thermallv insulated containers.

Polvethviens iz desveloped.
Eillions of pounds of both high

and lowr density wersions of this mat-
erial are produced amnvally for ewvery-

thing from packaging film to piping 1o
1 tovs. 5

Jmnes Economy develops
one of the pioneer moldable high
termpe rature polvmers (Ekonol). Thiz
polvimeric material paved the waw for
the dewvelopment of liquid crstal polw
mers one vear later. Ekonol's most

CONIRon applications occur in
electmonic devices and aircraft engines.

]

1976
The polymer'plastics indus-
v outstripped steel as the naton’s
most widelv vsed material per vnit
volume. We now nze more plastc than
steel, aluminom and copper combined.

! 3. Kwolek, who has been

awmoded more than 37 patentzin
polvmer science , develops kevlar.
Eevlar is a high strength material that
can withstand ten peratures up o 300°C,
and iz vaed in applications such as hullet
pmof westz, and fire proof ganmnents for
firefighting and auto racing.

e iy

Figure 1.2: Historical Background of Polymer




Polymers have a wide range of usage which includes agriculture, sports,

industry and medicine:-

Table 1.1 Applications of Polymers

FIELD USAGE

Agriculture and Agribusiness Polymeric materials are used in and on
soil to improve aeration, provide mulch,
and promote plant growth and health

Heart valve replacements and blood

Medicine
vessels, are made of polymers like
Dacron, Teflon and polyurethane
Industry Automobile parts, windshields for

fighter planes, pipes, tanks, packing
materials, insulation

n r Scien ; i '
Consumer Science Plastic containers, Clothing, floor

coverings, garbage disposal bags

Sports Playground equipment, various balls,
golf clubs, swimming pools, and

protective helmets

However, the strength of these polymers when converted to products was
significantly low in terms of tensile strength, modulus of elasticity and etc. Hence
polymer composite was introduced to the world. In general, composites refer to the

combination of two or more elements. The reinforcing agents used must be more



than 5% with the presence of an interphase. A composite material consists of three

phases.

The first phase which is the “Matrix Phase” is a continuous phase. It holds the
dispersed phase and shares a load with it. The second phase is the “Dispersed Phase”
whereby it is imbedded in the matrix either in a continuous or discontinuous form.
The last phase is the “Interphase”, a zone across the matrix and dispersed phases
interact. Hence, Polymer Matrix Composite refers to a polymer matrix which is
combined with a fibrous reinforcing dispersed phase. Polymer matrixes composite

are preferred nowadays due to is low cost and simple production methods.

The reinforcement of polymer matrixes can be in various types. For example
it could be a continuous fiber such as organic fiber, natural fiber, short fiber or even
particles. There are three types of Polymer Matrix Composite which are Thermoset,
Thermoplastic and Rubber. Taking a closer look at the fibrous reinforcing
component, three main types of fiber are usually used which are glass fiber, carbon

fiber and aramid (Kevlar).

In glass fibers, three types are used which are “E-Glass”, “S-Glass” and “C-

Glass”. Glass fibers reinforced polymer matrixes composite are proved to have:-

» High strength-to-weight ratio

» High modulus of elasticity-to-weight ratio

> Good corrosion resistance

> Low thermal resistance
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In Carbon fibers, 5 types of fibers are used which are ultra high modulus,
high modulus, intermediate modulus, high tensile and super high tensile. Carbon

Fiber Reinforced Polymers are proved to have:-

Light weight

High strength-to-weight ratio

Very High modulus elasticity-to-weight ratio
High Fatigue strength

Good corrosion resistance

Very low coefficient of thermal expansion

vV Vv VY VY VY V V¥V

Low impact resistance

A\

High electric conductivity

Kevlar fiber (aramid) on the other hand was proved to have:-

» Hightensile strength (five times stronger per weight unite than steel)

» High modulus of elasticity

» Very low elongation up to breaking point

» Low weight

» Highchemical inertness

» Very low coefficient of thermal expansion;

» High Fracture Toughness (impact resistance);

» High cut resistance
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» Textile processibility

> Flame resistance.

Polymer matrix composite was a breakthrough in the polymer industry as its

uses was varied being a stronger version then polymer matrix.

1.2 PROBLEM STATEMENT

In the current status quo, researchers have found three major problems in
polymer matrix composites. The first would be a low maximum working
temperature, the second would be a high coefficient of thermal expansion-
dimensional instability and the third would be sensitivity to radiation and moisture.
This by default causes a major loop hole in the polymer matrix composite to perform.
One polymer matrix which has huge potential and facing this problem is Polylactic
Acid (PLA). PLA is a thermoplastic based polymer and is one of the most promising
biodegradable polymers (biopolymers). It is relatively cheap and has some
remarkable properties, which make it suitable for different applications. One novel
method to overcome this problem is by using enzyme treated natural fibers in this
case Palm Oil Empty Fruit Bunch (POEFB) as a reinforcing agent for PLA matrix.
POEFB is chosen as the fiber reinforcing agent due to two main reasons, firstly due
to its wide abundance and secondly due to its strong bond between the fibers. Hence,

before extrusion of PLA is done with his fiber, the fiber is first analyzed for its



characteristics. This research is aimed to analyzed the characteristics of enzyme

treated POEFB before the extrusion of PLA.

1.3 RESEARCH OBJECTIVE

The objectives of this research as below:
RO 1:To characterize enzyme treated POEFB

RO 2: To enhance the mechanical properties of POEFB

1.4 SCOPE OF THESTUDY

The method will be discussed in this part. The process begins with treatment
of EFB fiber with the enzyme laccase. Details of the enzyme and EFB will be
discussed later on. Once the treatment in done, the treated fibers are then subjected to
a lignin test and the tensile test. The treated fiber is also subjected to moisture
content test to determine the amount of moisture present. In terms of tensile test,

Universal Testing machine will be used to obtain the results.



1.5 RATIONALE AND SIGNIFICANCE

It should give advantages to the polymer composite after mixing empty fruit
bunch fiber in the polylactic acid matrix. Firstly, a high tensile strength polymer
composite might be produced. Besides that, a lower thermal expansion and a high
working temperature might be obtained with the new composite. Furthermore, this
new product might be possible in terms of commercialization due to the strong bonds
between the matrix and reinforcement. This is crucial as the demand for a stronger
polymer matrix composite is high as various products are being innovated from this

material.



CHAPTER 2

LITERATURE REVIEW

2.1 POLYMER

Polymers are substances containing a large number of structural units joined
by the same type of linkage. Polymers are produced via polymerization, chemical
reaction in which high molecular mass molecules are formed from monomers. There
are two types of polymerization reaction; chain reaction (addition) and step reaction
(Condensation). Chain-Reaction polymerization is the common type of
polymerization which involves three steps which are ‘Initiation”, “Propagation” and
“Termination”. This process involves two chemical entities, first the monomer and
second is the catalyst. In the initiation process, a double boned carbon monomer
breaks apart due to the reaction with a free radical catalyst. The monomer then forms

a bond with the free radical while the electron is transferred out:-

10



H H H H

R—* , o= W RP—0—C—*

H H H H

Figure 2.1: Initiation Step in Polymerization

In propagation, the operation is repeated whereby a long chain molecule is
formed. The double bonds of the monomers are constants broke up while the electron

is passed along the line:-

R—O—CH, —CH,*+ CH,= CH, —# R—0—CH, — CH,—CH, — CH,*

W W —

Propagating Monomer Mewr Polvmer
Polwmner chain chain

Figure 2.2: Propagation Step in Polymerization
The final step termination occurs when a free radical reacts with another free

radical or two unfinished chains bond together. This reaction produces a complete

polymer chain.

R-0-CH,- CH,~ CH, -CH® ; R-0* — R-0-CH,- CH- CH- CH- O-R

— —
r . left owver free- VT
TOpAZaing radical Clompleted
Polwmer chain polymer
chain

Figure 2.3: Termination Step in Polymerization
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R-0- CH- CH® + R-0-CH,- CH' —# R-0-CH,-CH,- CH, - CH-0-R

s - L -

— -

T T
?rculpagaﬁ.ng Crompleted
chains P,:hj;:jiﬁ

Figure 2.4: Termination Step in Polymerization

In step-reaction, two different types of di-functional monomer group is
required which will react to form a chain. Condensation produces a small by-product

such as water or hydrochloric acid. Taking an example of the formation of Nylon

66:-
H H 8! 2
™ < % &
N—(CH}—N  + CoH),—c ——W
™,
H  Hexamethylens |H H':'| HO
dizmnineg Adipic acid
(This polymer is }mu::wna_s H H O 0
nylon 66 becavse of the six © - |l A
carbon atoms in hoth the M—{CH,) — N—C—(CH_ )}, — ¢ H. o
B fi 2 t ot
hexaméthylens diamine Hexamethvlene adipamnide
and the adipic acid. H
ipic acid.) (Hvlon 66} H>  wrater

Figure 2.5: Condensation Process of Nylon 66

From the figure, we realise that the monomers present are hexamethylene

diamine and adipic acid react to form Nylon 66 and the by-product water is

produced.

12



2.2 COMPOSITE

Combination of two or more than two is known as composite. Composites
have been created to improve combinations of mechanical characteristics such as
stiffness, toughness and ambient and high temperature strength (Callister, W. D. &
Rethwisch, D. G., 2008). “Most of the composite materials are composed of just two
phases. One is termed the matrix, which is continuous and surrounded the other

phase, often called the dispersed phase” (Callister, W. D. & Rethwisch, D. G., 2008).

In this research, the polylactic acid (PLA) can be characterized it as the
matrix because it is used to surround the palm oil empty fruit bunch fiber (POEFB).
The matrix used to protect the surface of the fiber from any defect cased by external
forces. It would cause of minimizing the strength of the fiber that would lead to crack
propagation. This kind of composite is considered as bio-composite (Maya Jacob
John, Sabu Thomas, 2007) which is environmental friendly. This aspect is crucial

because this helps to promote green technology and reduce environmental hazards.

2.3 POLYLACTIC ACID (PLA)

Poly(lactic acid) or polylactide (PLA) is the most extensively researched and

utilized biodegradable and renewable thermoplastic polyester, with potential to

13
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