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ABSTRACT

Nowadays, the growing of the science and technology is the main problem to the
environmental and become very serious all over the world. Researchers are working together
to produce the environment-friendly material or also known as a green material in order to
solve this critical problem. Researchers have focused the usage of natural fibre to replace
synthetic fibre. Natural fibre have a lot of advantages compare with synthetic fibre such as
low cost, eco-friendly product and can reduce waste of pineapple leaf. In this research, the
objective is to investigate the effect of surface treatment PALF to the vinyl ester
reinforcement in terms of mechanical, physical and morphological properties. The parameter
use in this research is Swt% of the fibre loading for untreated and treated of PALF. The
chemical treatment use is alkaline treatment which is 6% of NaOH. The sample will be
characterized in term of their physical, mechanical and morphological properties. Based on
the physical properties, the density of the treated composites was higher due to increase the
amount of the fibre in the composites, the treated composites also show good result for
moisture content and water absorption. For the mechanical properties, treated composites
showed an improvement for tensile and flexural strength. This is because alkaline treatment
on the fibre improve the interfacial bonding between fibre and polymer. For morphological
analysis, treated composites also has good surface structure because there is no gap between
fibre and matrix and less fibre pull-out compared with the untreated composites sample. As
the conclusion, alkali treatment on the natural fibre improve the interfacial bonding between
fibre and polymer.



ABSTRAK

Pada masa kini, perkembangan sains dan teknologi merupakan masalah utama kepada alam
sekitar dan menjadi sangat serius di seluruh dunia. Penyelidik bekerjasama untuk
menghasilkan bahan mesra alam atau juga dikenali sebagai bahan hijau untuk
menyelesaikan masalah kritikal ini. Penyelidik menumpukan penggunaan serat semula jadi
untuk menggantikan serat sintetik. Serat semulajadi mempunyai banyak kelebihan
berbanding dengan serat sintetik seperti kos rendah, produk mesra alam dan dapat
mengurangkan pembaziran daun nanas. Dalam penyelidikan ini, objektifnya adalah untuk
mengkaji kesan rawatan permukaan serat nanas bercampur dengan vinyl ester dari segi
sifat mekanikal, fizikal dan morfologi. Parameter yang digunakan dalam kajian ini ialah
5wit% daripada beban serat untuk PALF yang tidak dirawat dan dirawat. Penggunaan
rawatan kimia adalah rawatan alkali iaitu 6% NaOH. Ujian sampel dibahagikan kepada
tiga fasa iaitu wjian fizikal, ujian mekanikal dan analisis morfologi. Berdasarkan ujian
fizikal, ketumpatan komposit terawat adalah lebih tinggi kerana meningkatkan jumlah serat
dalam komposit, komposit yang dirawat juga menunjukkan hasil yang baik untuk kandungan
lembapan dan penyerapan air. Untuk ujian mekanikal, komposit yang dirawat mempunyai
bacaan yang lebih tinggi untuk kekuatan tegangan dan lentur. Ini adalah kerana rawatan
alkali pada serat meninghkatkan ikatan antara antara serat dan polimer. Untuk analisis
morfologi, komposit terawat juga mempunyai struktur permukaan yang baik kerana tiada
Jurang antara serat dan matriks dan kurang jumlah serat yang teertarik berbanding dengan
sampel komposit yang tidak dirawat. Sebagai kesimpulan, rawatan alkali pada serat
semulajadi adalah kaedah yang sangat berkesan untuk menghasilkan produk serat
semulajadi berkualiti tinggi.
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CHAPTER 1

INTRODUCTION

1.1 Overview of the project

Nowadays, the growing of the science and technology is the main problem to the
environmental and become very serious all over the world. Unsafe modern material that can
influence an individual’s wellbeing, the transfer of the unbiodegradable material, for
example, plastic and an Earth-wide temperature boost cause by the nursery impact.
Researchers are working together to producing the environment-friendly material or also
known as a green material in order to solve this critical problem. Researchers have focused

the usage of natural fibre to replace synthetic fibre.

The use of natural fibre can reduce the addiction on non-renewable energy and
decrease pollutant emissions. The other advantages is can reduced greenhouse gas emissions
and improve the energy recovery(Sanjay and Yogesha, 2017). In term of mechanical
properties, natural fibre has low in density and high specific strength and stiffhess. Natural
fibre has lower cost comparéd with the synthetic fibre. It is also renewable resources and has
low abrasive damage while processing equipment process(K.L. Pickering, M.G. Aruan

Efendy, 2016).

Several types of natural fibre has possibilities to become reinforcement materials in
composites and replacement for glass(Sgriccia, Hawley and Misra, 2008). Sisal, coir, jute,

ramie, pineapple leaf (PALF), and kenaf is the most used of natural fibre in industry.



Pineapple leaf (PALF) has to be selected as a reinforcing material in natural composite
products because Malaysia is one of the main world producers of pineapple. However, only the
fruit is employed whereas the leaf, whose main content is fibre, is burnt or thrown away. The
use of pineapple leave as natural fibre can reduce environmental pollution and can generate extra

income for the country especially Malaysia.

Some of the pineapple leaves has been used in the manufacture of yarn, woven
fabrics and handmade products. Fibres extracted from pineapple leaves suitable for industrial
applications because it is one of the finest fineness indices among the vegetable fibres(Ledo et
al., 2014). Even the PALF fibre has a lot of advantages in term of their physical properties it still
has some flaws. However, there has a separate method to improve the fibres surface to make it
suitable for interfacial fibre/matrix bonding. The amount of cellulose in the PALF is about 70-

80%wt which is making it having specific modulus and strength(Panjrasart et al., 2014).

Vinyl ester is one of the thermosets and resin will be used in this research. Short fibre
will be used as reinforced material in this research. To assess the growth of PALF-vinyl ester
composites, there are many criteria can be used which is mechanical properties, physical

properties and thermal stability.

This study discusses the PALF mechanical and physical properties characteristic after
doing a surface treatment of PALF reinforced with thermoset materials. In this research, the
PALF was treated using alkali treatment to produce PALF composites that have better physical,

mechanical and morphological properties.



1.2 Problem statement

Natural fibre is found abundantly in Malaysia. There are several types of fibre
typically used in Malaysia. For example, is kenaf, abaca, oil, pineapple leaves, sugarcane

bagasse, and banana. PALF is one of the potential fibre that can replace the synthetic fibre.

In Malaysia, pineapple leaves are one of the available waste materials. Generally, the
agriculture industries only utilized pineapple fruit while the leaf is currently being wasted.
The most critical part is when the pineapple leaves are treated as agricultural wastes where
it either being let composted or burned by farmers. Basically, natural fibre has a lot of
advantages over the disadvantages, but it still needs to modify some of the mechanical and
physical properties of the natural fibres. The surface modification is important to restructure
the hydrophilic characteristic of the natural fibres fibres and become more effective

compared with the synthetic fibre.

1.3 Objective

The objective of the project:

1. To investigate the effect of surface treatment on the pineapple leaf fibre
reinforced vinyl ester in terms of mechanical, physical and morphological

properties.



1.4 Scope of product

In this project, there have four phases need will be carried out in order to have better
understanding about pineapple fibre composites in term of physical, mechanical and
morphological properties. The first phase this research is PALF is treated with alkali

solution and blended with vinyl ester form the composite sample.

The second phase of this research, the composites were prepared. The composites are
being fabricated by place the PALF and vinyl ester into the mould and handle using hand

lay-up method. Then, insert the samples into the oven to obey the cure cycle of vinyl ester.

The third phase of this project covers the physical and mechanical properties. Physical
properties will be characterized by density analysis, water absorption test and moisture
content. For mechanical testing covers two types of testing which is a tensile test and

flexural test.

The last phase is the most important part of the research where the physical and
mechanical properties of PALF were discussed and observedl. The chemical treatment was
deliberated to investigate which treatment lead to the major improvements in physical and
mechanical properties of PALF reinforced vinyl ester. The result of the untreated and treated
was compared. All these testing is being done by following the standards involved according

to each method.



CHAPTER 2

LITERATURE REVIEW

2.1 Natural fibre composites

In days gone by few decades, the use of natural fibres in composites applications has
been increasing. The use of natural fibres is not a modern technology because scientist
already used in China and Korea to build a wall in the village by a combination of the straws
and mud(Lau et a/., 2018). Natural fibres have been chosen by the researchers and scientist
because of their eco-friendly and sustainable. Natural fibres convey benefit to many
engineering applications, but the worst issues regularly condemned by people in general
which is serious environmental problems after disposal of advanced composites as it is hard
to be recycled. The used of the carbon fibre reinforced polymer composites (CFRP) create
strong strength structure from advanced composites but very high cost of materials for
domestic products(Lau ez af., 2018). The density and eco-friendly properties of the natural
fibre attract many engineering sectors to studied on the improvement of the natural fibre
because it can reduce pollution and save the environment.

Natural fibres can be derived from plant, animal, or mineral. Biomedical applications
such as implants usually used animal-based fibres as example cocoon silk and spider silks.
New bone fixator has been created by Lau et al after done research on the cocoon silk fibre-
reinforced Polylactic acid (PLA) to formulated bio-resorbable polymer composites.(Lau et

al., 2018),



The next type of natural fibres is plant fibre. Bast fibres, leaf fibres, fruit, seed, wood,
and cereal straw is the most used of natural plant in application(Webber, Bhardwaj and
Bledsoe, 2002). Among natural fibre, plant fibres are widely used as reinforcement in fibre
reinforced composites. It’s is do not harm the environment because natural fibres extracted
from naturé and can be classify as renewable resources. Natural fibres has better specific
strength, specific modulus, and lower cost compared with glass fibres. Nowadays, many
major components of bio-composite materials like paper, boards, and many structures come

from fibres composites.

For the plant-based natural fibres sources, depending on the utilization, two types of
fibres class which primary class and second class where the primary class are those plant
which grown for their fibre. Sisal, jute, kenaf and hemp classify as primary type of plant but
pineapple, oil palm and coir in the second type of plant. The secondary type of plant is where
the fibre is producing as a by-product. Figure 2.1 shown that the classification of the natural

fibre divided depending upon their region(Thakur, Thakur and Gupta, 2014).

Natural fibers
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Figure 2.1: Groups of natural fibres (Lefio et al., 2014)



Contrasted with synthetic fibres, common natural fibres bring a large number of
points of interest for example, low cost, low density, fewer equipment abrasion, and
respiratory irritation, improved energy recovery and biodegradability(Sgriccia, Hawley and
Misra, 2008). Basically, natural fibres have high moisture and weak adhesion to hydrophobic
matrices. The addition of hydrophilic in natural plant will create weak mechanical properties
because of the non-uniform fibre dispersion in matrix. The way to improve the adhesion to
matrix material is natural fibres need to be treated. Other than that, low degradation
temperature of natural fibre makes them inharmonious with thermoset that have large curing
temperature. There have other disadvantages of natural fibre such as large variability of
mechanical properties, lower elongation, poor resistance to weather and lower ultimate

strength.

The structure of the natural fibre consists of the hemicelluloses, lignin, cellulose,
waxy and pectin substances. Weak bindings between the fibres and polymer because of the
moisture absorption from the surrounding. The modification of natural fibres can change the
composition and fibres structures by utilize of the reagent functional group. As a result, the
moisture absorption of the natural fibre has been reduced which bring to the great

improvement incompatibility between fibre and polymer matrix.

Natural fibres treatment was important factor to measured when processing natural
fibres (Mohammed et al., 2015). By performing different type of chemical treatment, natural
fibres will lose hydroxyl group, thus reducing the hydrophilic behaviour of the fibres and
causing improvement in mechanical strength and dimensional stability of natural fibres
reinforced polymer composites. As the result, chemical treatment can enhancement of the

natural fibres reinforced composites.



2.2 Pineapple plant

The pineapple is a tropical plant with a comestible multiple fruit consisting of
coalesced berries. The pineapple plant in the family Bromeliaceous, subclass
monocotyledons and species Ananas comosus. The word Ananas comosus is coming from
Tupi word of ‘nanas’, means excellence fruit. All the world’s pineapple cultivars are grouped
in several classes which is Smooth Cayenne, Red Spanish, Queen and Abacaxi. The shape

of the fruit look like pinecone make the plant is called “pineapple”.

Brazil, Costa Rica, and China accounted as one of the world's production of
pineapples, producing over 700,000 tone of fruit(Lefo ef al., 2014). In India, it is refined on
about 2250 000 acres of land and is continuously increasing its production. One of the top 3
largest country that produce pineapple in 60 and early 70 in Malaysia. Unfortunately, almost
half of the 12 thousand hectares farm of the pineapple plant in Malaysia has been reduced.
In Malaysia, the plant of the pineapple is unique because 90% plants in the peat soil which
is considered marginal for most other agriculture crop(Y.K.Chan, 2000).People in Malaysia
usually known pineapple as Nanas. Pineapple has been used in different varieties for
different purpose which is red pineapple and green pineapple used for commercial purpose
and Sarawak and Morris pineapple for edible purpose. Figure 2.2 show the red pineapple

from Malaysia.

Figure 2.2: Red pineapple



Pineapple is ironic source of bromelain and other cysteine proteases are present in
different part of pineapple. Many food industries, cosmetics, and dietary supplements usage
bromelain from pineapple but some users need to evade from taking bromelain such as
pregnancy, allergies or anticoagulation. The sore mouth feeling after eating pincapple due

to the bromelain content of raw pineapple because enzymes react with the proteins.

New fruit will still growth continues through its base even after harvest. 200 days or
6-9 months on average the time need by the plant to allow fruit and propagated vegetative
by cutting grown from the plant itself. The pineapple is a short and thick stem where the
leaves grow in narrow, rigid and axillary roots. The plant can be categorizing as mature plant
when the height of the plant reaches 1 to 1.2 meters, 0.80 width to 1.5 meters and can hold
80 leaves in every shape, with length of up to 1.3 meter. Old leaves place at base of the stem
and younger leaves are elongated, conversing a wider baseline. Pineapple plant with detailed

view of the leaf shown in figure 2.3.

Figure 2.3: Pineapple plant



2.3 Pineapple leaf fibres

Pineapple, banana and citrus is one of the significant tropical fruit in the world. Three
type of species locaily grown-up in Malaysia which is Moris Gajah, Smooth Cayenne and
Josephine. Josephine is one of the suitable species for PALF extraction in term of the fibre
quantity, fibre fineness, easy to extraction, mechanical and thermal properties(Fadzullah and
Mustafa, 2016). However, the main centre of the plantation of pineapple industry in our
country is just on the fruit and other corresponding foodstuff. The leaf normally become
wasted in many countries. The pineapple leaf can be evaluated for industrial application to
reduce the amount of waste that can harm the environment cause the environmental
pollution. This pollution occurs because only fruit will be utilized, and the leaf will become

wasted and burn by the farmer will be led to the release of the carbon dioxide.

To solve this problem, muitiple researches and studies has been conducted related to
the possibility of finding other applications to these pincapple leaf(Mcohammed et al., 2015).
This will change the pineapple leaves from waste into wealth and save the environment from
the pollution. There are several researches has been done by researcher on several aspect of

PALF to studies the properties of PALF including physical, mechanical, and chemical.

Most of the previous researcher only focusing on PALF physical and mechanical
properties. Chemical treatment of PALF will improve their fitness, resulted in degradation
of their tensile properties. Chemical treatment can be done by using silane, acids or alkaline.
The mechanical properties of the PALF is outstanding compared with other natural fibres

associated with their high cellulose content and low microfibril angle(Ledio ef a/., 2014).

~ Pineapple leaves comes in shaped like a sword which ascend from a stem with an
overall dimension from between 0.9 m to 1.5 m in length, while the width between 2.54 m

and 5.1 m respectively. According to the research(Mohamed et al, 2009), PALF have

10



highest tensile strength and middle elongation at break compared with the betel fruits and
barks. The extracted of the PALF will deliver advantage in manufacture of yarn, woven

fabrics, woven knitted, and handmade products(Ledo et al., 2014).

The mechanical properties of PALF can improve by perform surface treatment and
PALF can replacing synthetic fibres in many applications. Natural fibres can transformed
into nanocellulose, all the defect can be removed and resulting in the fibres with high specific
modulus(Ledo ef al., 2014). PALF is extracted by retting process and classify as multi-
cellular and lignocelluloses. The colour of the leaves could be purely green or with a red

spot, yellow and ivory(Fadzullah and Mustafa, 2016).

IBRAHIM, (2013) investigates the growth of PALF reinforced polymer composites
in term of mechanical properties. The type of matrices has been used in this investigation is
the thermosets and thermoplastic resins. The research proposed the major study can focus
on long PALF that can be used in manufacturing such as vacuum bag moulding and

autoclave moulding.

2.3.1 Extraction method of PALF

There have two method to extracted leaf fibres either manually or mechanically. In
Philippines, they manually scraped by using a piece of broken porcelain or a small knife
throughout the leaf, Figure 2.4 shown the manual process that started with scraping, beating,
and husking the leaves. After that, fibres are soaked in water and added of chemical to

improve the activity of the microorganisms.

11



Figure 2.4: Manual shredding of pineapple leaf (Lefo et al., 2014)

The second method is mechanical process which is by using decorticator machine.
However, mechanical process will bring damage to the PALF through breaking, hackling
and scorching that led to the minimise of the tensile strength properties of PALF. This
machine has a cylinder and there are some plates that can beatings on the pineapple leaf
when the cylinder is rotating(Strategia ez @/, 2016). Figure 2.5 show that the cylinder was
turning by using an electric motor. The leaves fed to the machine and follow the cylinder to
rotate, then pulled back out of the machine, After that, the extracted leaves are washed and
dried by sun drying method. By using this machine, the extraction process of pineapple

become more faster and easier.

Figure 2.5:Decorticator machine.
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In Malaysia, Pineapple Leaf Fiber Machine 1 (PALF M1) in Universiti Tun Hussein
Onn (UTHM), Batu Pahat, Johore is one of the machines that can extracted pineapple leaf
fibres(Fadzullah and Mustafa, 2016). According to the research (Fadzullah and Mustafa,
2016) extraction process of pineapple leaves including scrapping, retting, and mechanical
separation of fibres to drying in air. The pineapple leaves are fed by a feed roller and the
second roller scratching the top leaf and the wax layer is removed in the scrapping process.
Final part of this process which is the leaver will be crushed by serrated roller and create an
entrance path for the retting microbes. Figure 2.6 show the pineapple leaf fibres machine 1

in UTHM.

This machine technically does not used crusher technology but use blade in removing
the wax layer in pineapple leaf. The leaf will not be attached at the blades during the
extraction process because the size and angle of the blades used in this machine have specific

condition.

Figure 2.6:PALF machine (Yusof, Yahya and Adam, 2014)

13



2.4 Pineapple leaf fibres (PALF) reinforced polymer composites

The studies about PALF reinforced polymer composites basically have been done by
some researcher because of the replacement glass fibre with the natural fibre in the industry.
Lately, PALF is being used successfully in polymer matrix to created composites with
improved mechanical strength. The exceptionally good mechanical properties of individual
PALF are reflected in its ultimate product. Most of the previous research has been done in
order to studies the mechanical, and physical properties of natural fibre reinforced with

thermosetting and thermoplastic.

Table 2.1 indicate the physical and mechanical properties of the PALF obtained
from previous research. Matrices used for PALF composites is thermosetting and
thermoplastic resins. The increasing of the pineapple plantation area has impact with the
market price of the pineapple, so the development of the PALF reinforced polymer

composites should be increasing to utilize the use of PALF in industry.

Table 2.1: Physical and mechanical properties of PALF.

Mechanical and Source
physical properties. Mohanty et al. | Georgeetal. | Arib et al. | Mohamed
(2000) (1993) (2006) et al. (2009)
Tensile strength (MPa) 413-1,627 170 126.6 293.08
Young modulus (GPa) 34.5-82.5 6.26 4.405 18.934
Elongation break (%) 1.6 0.8-1.6 2.2 1.41
Density gcm ™3 - 1.44 1.36 -
Moisture content (%) 11.8 - - -

14




2.4.1 PALF reinforced thermoplastic composites

A thermoplastic is a plastic material, a polymer that can be folded or moulded above
a certain temperature and solidifies when cooled. The shape can be changed or reshaped by
heating if we used thermoplastic and typically produced parts using different polymer
processing techniques such as moulding injection, compression moulding and extrusion.
Several type of thermoplastic that can be used as reinforced agent with natural fibre which

is polypropylene, polystyrene , polycarbonate and polyethene (Mohammed ef /., 2015).

Thermoplastic do not melt when heated and will no change the shape upon cooling
but only can be melt by heating above melting point. However, thermoplastic also have

advantages which is recyclable, tough structure and easy to repair by welding.

George, Bhagawan and Thomas (1996) has studied on the thermal behaviour of
pineapple leaf fibre (PALF) reinforced polyethene composites. The purpose of treatment to
increase the interfacial adhesion between fibre and matrix by using silane, peroxide and
isocyanate. Both treated and untreated fibre was used to compare the properties of the PALE.
The result found that treated fibre has better properties of PALF at high-temperature
degradation before the polyethene matrix. The cache modulus decreased with increment of

temperature, but the increase of fibre loading will increase the storage modulus.

The study of the pineapple leaf fibre reinforced polypropylene composites was report
by (Rungsima Chollakup, Rattana Tantatherdtam, Suchada Ujjin, 2010). The results showed
that the development of the PALF contents will increase the tensile strength of the
composites. The experiment used two different length of fibre which short and long fibre to
observe the mechanical properties of PALF reinforced PP. The long fibre PALF were

stronger than short fibre because of the greater tensile strength.
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Rungsima Chollakup, Rattana Tantatherdtam, and Suchada Upin, (2010)
investigated the properties of pineapple leaves fibre reinforced polycarbonate composites.
The result of PALF treated with alkaline pre-treatment using sodium hydroxide (NaOH) and
silane treatment using two different functionalities treatment which is y-methacryloxy propyl
trimethoxy silane and y-aminopropyl trimethoxy silane was reported. The tensile strength
and impact strength of the PALF reinforced PC treated with alkaline treatment is higher
compared with the silane treatment. The result show that NaOH treatment has better

mechanical properties than silanized composites.

Siregar et al., (2010) carried out investigation on the mechanical properties of PALF
reinforced high impact polystyrene (HIPS) composites by performing alkali treatment. The
purpose is to studies the result of alkali treatment on PALF reinforced HIPs with different
concentration of NaOH. The concentration use in the expeniment is 0%, 2% and 4%. All the
mechanical properties of PALF reinforced HIPS was observed and compared with other
different concentration. The result is alkali treatment with 4% NaOH showed highest

mechanical properties compared with others concentration.

2.4.2 PALF reinforced thermosetting composites

A polymer that is irreversibly hardened when healed is called a thermoset polymer.
Curing occur because of heat that may be helped by high pressure or use of a catalyst.
Thermoset is a cured thermosetting polymer. Usually, thermoset is been used as adhesive
because the thermoset resin cannot re-shaped once hardened and cannot be recycles.
However, thermoset also have advantages which is low resin viscosity, have great thermal
stability, excellent fibre wetting and chemically resistant(S.M. Sapuan, A.R. Mohamed, J.P.
Siregar, 2011). There are several types of thermoset resin most widely used which is epoxy,

polyester, vinyl ester and phenol formaldehyde (PF).
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There is slightly less literature regarding to PALF reinforced vinyl ester. Basically,
vinyl esters are strong, flexible and less hydrophilic in nature. Natural fibre-vinyl ester can
produce high interfacial shear stress of the fibre-matrix adhesion compared with other
matrices(Mohammed et a/., 2015). Most of the preparation PALF reinforced VE used wet
hand lay-up method compared with the use of the liquid compression moulding process. The
availability of PALF reinforced vinyl ester composites can be measured in term of

mechanical, physical and thermal properties.

Mishra et al., (2001) investigated the PALF reinforced polyester composites for the
mechanical properties in term of fibre loading and fibre surface modification. The
mechanical properties including flexural, flexural daﬁ impact has been observed in this
experiment. From all modification, 10 % of the PALF composite grafted AN showed
maximum tensile strength (48.36 MPa), while the cyanoethylated PALF composite showed
improved bending and impact strength. Figure 2.7 shows that the tensile strength of PALF
reinforced polyester increase with increasing of the fibre loading, However, the tensile

strength started to decrease about 31%wt when the fibre loading at 40%wt.
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Figure 2.7: Tensile strength of the composites (Mishra et al., 2001)
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Recently, the studies about the surface treatment of PALF reinforced epoxy
composites has been done to observe the improved mechanical and thermal properties. The
improvement of mechanical properties because of the increase the fibre loading in epoxy.
Nagarajan et al., (2016) studies the PALF reinforced epoxy using long fibre in unidirectional
to produce the composites using hand lay-up process. The result showed that the tensile and
flexural modulus increased with fibres content due to the formation of a better bond between
fibres and epoxy matrix, which is the mechanical properties PALF reinforced epoxy
improved up to 20 %wt fibres loading, but the thermal properties do not change
considerably.(Nagarajan et al., 2016). The faster decomposition rate of natural fibre causes
the neat epoxy were more than the thermal stability. The decent adhesion with the matrix
shows in the surface morphology of the fractured surface because of the fibre deboned and

pulled out due to brittle nature of epoxy materials.
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CHAPTER 3

METHODOLOGY

3.1 Introduction
The flowchart process shows that all the activity related in this research. The process
started with materials gaining for processing, testing and result analysis. Figure 3.1 shows

the flow process of the methodology.

Start

Alkaline
treatment
of the PALF

Praparation of
PALF reinforced
vinyl ester

Physical and_mechamcal Marphological
testing
= Scanning electron

Density microscopy (SEM)

Muoisture content
Water absorption
Tensile test
Flexural test

Figure 3.1:Flow process methodology
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Based on the flow chart in figure 3.2 and figure 3.3, all the activities and job scope write
in the Gantt chart to provides a schedule of earliest possible start and finish time of activities

and help in plan the flow of the task. It is also helpful for managing the reliance between tasks.

S
Weeks
Job Scope - .
L2314 0slelf718]olwojnulnlTuls
Literature review a:
Preparation of Kenaf

Final Report Final Year Project

Figure 3.2: Gantt chart FYP 1

Weeks
Job Scope

PP 34368 lofwojufelnluls

Preparation of composites

Testing for sample composites

Final Report Final Year Project

Figure 3.3: Gantt chart FYP 2
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3.2 Materials

3.2.1 Pineapple leaves fibres

Pineapple leaves fibre were extracted from pineapple plant leaves, of which were
obtained from Mersing, Johor. These pineapple fibres were extracted through a water retting
process. The fibres were removed manually by retted the leaves in running water. Then, the
fibres were then purified and dried in the sunlight. All fibres extraction processes were the
same about using water retting process. Finally, the pineapple leaf fibres were prepared for

testing to observe the potential as reinforcement materials.

3.2.2 Vinyl Ester

In this study, thermosetting resin has been chosen because of its specific properties.
The type of resin used was vinyl ester (VE). The sources of the vinyl ester obtained from
Polymer Technology Pte Ltd (Singapore). The properties of the vinyl ester which is the
density is 1.6g/cc, viscosity is 400 cP, 120 °C temperature of heat distortion, and 104.44 to
143.33 °C temperature of glass transition. Vinyl ester is frequently found in industrial

applications as anti-corrosion parts as example pipes, containers, tank and floor coverings.

3.2.3 Sodium hydroxide (NaOH) pellets

The type of alkali used was sodium hydroxide (NaOH) pellets. The sodium
hydroxide pellets obtained from QRec (Asia) Sdn. Bhd., Malaysia. The NaOH solution were
prepare for the alkaline treatment process in this study. The NaOH pellets are inorganic
compounds that are highly water soluble and some polar solvents like ethanol and methanol.
The NaOH solution obtained when the NaOH pellets are dissolved is colourless and

odourless.
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3.3 Composites preparation
3.3.1 Preparation of fibre and matrix

Before started the experirhent, the first step is to process all the solution and fibre
which is weight all the fibre and solution needed to create PALF. Figure 3.4, 3.5 and 3.6

shown weight of pineapple fibre, hardener and vinyl ester solution.

Figure 3.5: Weighing pineapple fibre
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Figure 3.6:Weighing hardener

Table 3.1: Parameter of the samples

Element Weight of Weight of fibre Weight of MekP (Methyl
composites (g) 5%(g) resin (g) ethyl ketone
peroxide)
Neat polymer 10045 - 98+5 2+0.5
Untreated 12045 65 111.6£5 2.4+0.5
Treated 150+£5 7.5£5 139.5+5 3+0.5

3.3.2 Preparation pineapple leaves fibre with treatment.

The PALF need to treated using alkali solution to remove impurities on the surface
of PALF used to improve the surface properties of the fibres. At room temperature, distilled
Water was used to dissolved sodium hydroxide (NaOH) pellets to prepare the 6% NaOH
solutions. Mettler Toledo. In order to achieve 6% NaOH solution, 94m! of distilled water

mix with 6g of NaOH pellets and stir until all the pellet dissolved in the water.
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After the NaOH pellets completely dissolved in the water, PALF was soaked into the
NaOH solution for 24 hours. Then, clean the PALF using distilled water and let the fibre to
dry at room temperature for 24 hours. Figure 3.7 show the complete cycle of the process to

prepare the treated fibre.

Figure 3.7: Process treat fibre with NaOH

3.3.3 Fabrication of the composites.

The treated PALF need to clean up after drying process. This is because the fibres
are tangled up together during the drying process after the alkaline treatment. Then, the
treated PALF are being cut into 3cm long by using scissors before mix with the resin which
is vinyl esters. The sample composition in this research is 5 wt % of the fibre loading which

1s optimum value for PALF. The percentage of the fibre loading calculate by using Eq 3.1.

Fibre loading wt%
100

Fibre weight for loading = X fibre samples

Eq.3-1
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After cleaning process, the treated and untreated PALF has been mix and stir using
mechanical stirrer in the beaker. PALF fibre and vinyl ester was placed into the rectangular
mould and using chopstick to level the surface and remove small bubble in the mixture.
Then, using mylar sheet to cover the bottom and top of the samples before placed into the
oven to obtain smooth surface finish. Figure 3.8 shows the process to put the PALF into

mould start from cutting the fibre until put the PALF into the mould.

After that, the sample heated in the oven at temperature 150°C. After the heated has
fimshed, the mould is then being cooled for about 15 minutes. The samples were heated
again until vinyl ester is curing but cooled the sample 15 minutes before the sample can be

taken out from the mould.

Figure 3.8: Process of putting the fibre into mould
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3.4 Characterization and testing method.

3.4.1 Characteristic of Physical Properties

3.4.1.1 Density
The density of the PALF reinforced vinyl ester composites is determined by using
the electronic densimeter. Figure 3.9 show the electronic densimeter at Universiti Teknikal

Malaysia Melaka (UTeM).

Figure 3.9:Electronic densimeter

The density(p) of PALF reinforced vinyl ester was determined by using 15 samples.
At first, PALF reinforced viny! ester was weighed () before being soaked into water. The
volume of water (¥) was get by measured amount of water before and after immersed. The

value of m and 7 was used to calculate the density of PALF reinforced vinyl ester.

< |3

Eq. 3-2
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Where
p is the density of fibre
m is the mass of fibre
¥ is the volume of water

3.4.1.2 Moisture content

15 samples were prepared for the moisture content evaluation. Before weight the
fibres, the fibres were placed at room temperature (270°C + 20°C) for 24 hours with 65%
relative humidity of air. The samples were heated in the oven at 105C for 24 hours. Before
the samples were placed in the oven, the fibres weight was measured as Mi After 24 hours
in the oven, the fibres were then weighed again as My Moisture content of the sample is

determined through Eq.3-2.

Mi— M

Moisture content (%) = o

Eg. 3-3

3.4.1.3 Water absorption

The average of percentage water absorption was calculated by using five samples for
each parameter. By using Eq. 3-3, percentage of water absorption of PALF was determined.
Firstly, the weight of the sample was weighed as Wi before immersed for 24 hours at room
temperature in the fresh water. The samples were weighted again after 24 hours to get Wy
value,

Water content % = —m-/}% x 100
i

Eq.34
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3.4.2 Mechanical Testing

3.4.2.1 Tensile Test

The simple way to know the mechanical properties of the natural fibre by perform
the tensile test. Mechanical properties can be gained from tensile test such as tensile stress,
Young’s modulus, maximum elongation, yield stress and tensile strain. For this research, the
testing was carried out by following to ASTM-D3039(Nagarajan ef al., 2016). The tensile
test of PALF reinforced vinyl ester determined by using the Instron Universal Testing
Machine, 5980 Series in figure 3.10. The result is then obtained through the Bluchill 2

software.

Figure 3.10: Instron Universal Testing Machine, Model 5980 Series
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The tensile strength of the single fibre can be calculated using equation 3-4.
I
o ==
A

Eq. 3-4
Where,
g = tensile strength of the fibre (Pa)
F = maximum force at break (N)

A = area of fibre cross-section (m?)

3.4.2.2 Flexural test

Flexural test was conducted by using a three-point bending set-up as stated by the
ASTM-D790(Mishra et al., 2001). Five sample from 0 wt%, untreated and treated fibre is
tested using Instron Universal Testing Machine, 5585 Series with a load speed of lmm/min.
The reading of the flexural strength and modulus is recorded through the Bluehill 2 software.
Figure 3.11 shows the Universal Testing Machine Model Instron 5585 at Universiti Teknikal

Malaysia Melaka,
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Figure 3.11: Universal Testing Machine model Instron 5585

3.5 Morphological Analysis

Morphological studies of the impact test samples have been carried out in detail on
the fractured surface. The test was performed at accelerating voltage of 15kV using Scanning
Electron Microscope (SEM). The sample selected are the sample from tensile test which is
one samples for each parameter. Platinum were used to coat the samples to provide electrical

conductivity, which did not affect the resolution significantly, allowing high-quality results.
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CHAPTER 4

RESULT AND DISCUSSIONS

4.1 Introduction

In this section, the physical and mechanica] properties will be discussing and evaluate
according to the result from the testing. Physical characterization can be divided into 3 which
are density, moisture content and water absorption and mechanical characterization includes

tensile and flexural test.

4.2 Physical properties
Density, moisture content and water absorption one of the main factors that can affect
the properties of the composite’s product. In this section, the result for the three physical

testing that has been performed on the PALF reinforced vinyl ester composites will be

analysed.

4.2.1 Density

Density of an object can be measure by knowing the mass and volume of the object.
The mass of the object can be determining from density so it is important to know the density
of materials because it can affect the weight of the object. Table 4.1 show the value of the
specific gravity from the electronic densimeter machine, The density of the fibre can be

calculated using Eq.4-1.
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Density of the object
Density of the water

Specific gravity =

Eg. 4-1

Table 4.1: Specific gravity data

No Vinyl ester Untreated Treated
1 1.158 1.128 1.187
2 1.104 1.172 [.125
3 1.102 1.157 1.179
4 1.103 1.162 1.191
5 1139 1.163 1.199

From the figure 4.1, the density of the composites will increase when the amount of
the fibre increases in the composites. Density of the composites keep increasing from neat
polymer to treated composites which is for treated is 1.1762 g/cm®, untreated composites is
1.1562 g/cm® and neat polymer is 1.1212 g/cm?. Based on the table 3.1, the amount of the
composites is different for the neat polymer, untreated and treated composites. It can be
concluded, the different amount of fibre in the composites can affect the density of the

composites.
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Figure 4.1: Density of the samples

4.2.2 Moisture content

One of the important aspects to consider before choosing the natural fibre as
reinforced materials is moisture content of the natural fibre. The stability, tensile strength,
porosity and swelling behaviour of the natural fibre affects by the moisture content. Natural
fibre that has lower moisture content that composites combined with high moisture content

are less likely to declined due to characteristic of the fibre to absorb water(Razali et al.,

2015).

There have two main part of chemical content related with absorption of water in
fibre which is lignin and hemicellulose. Lignin has lower attraction to water but different for
hemicellulose which is high attraction to water and hold water molecules in the fibre. This
is because of the hydroxyl bonding or OH group in the cellulose structure(Razali et al.,

2015).
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The result of moisture content of PALF indicated that, treated composites has low
moisture content compared with the untreated composites which is 9 % and 19.98 %, as
shown in figure 4.2. Neat polymer has lower percentages of moisture content because vinyl
ester has hydrophobic characteristic which is will never absorb water but there has value
because of the poor surface finish. Therefore, treated composites is ready for fabricating
composites product with high quality and stability. This is because the higher percentage of
moisture content in untreated composites indicate critical weight changes of the composites
after place in oven for 24 hours. If the weight of the composites become lighter after 24
hours, it indicates that water in the composites is fully dry. This is proved that highly amount
of water hold inside the fibre for untreated composites. The percentages of moisture content
for treated composites is low because the weight of the samples not changing much due to
the alkal‘ine treatment has been perform on the fibre that reduce the tendency of the cellulose

to absorb water.

Moisture Content

= = ) ]
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Percentage of Moisture Content,%
(¥}

24
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m (0 wt% B Untreated Treated

Figure 4.2 : Moisture content of composites and vinyl ester
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4.2.3 Water absorption

Hydrophilic is characteristic of fibres to absorb moisture from environment until
equilibrium is established. The moisture absorption can change dimensional variations in
fibre and affecting the mechanical and interface of composites material. Composites without
chemical treatment have poor fibre -matrix interface and no practicable for transfer of load

due to poor interface.

Hydrophilic is derived from lignocellulose which strongly polarised with hydroxyl
groups. If the wetting of the fibre-matrix occurs, the weak interfaces between two phases
will occurred. Chemical treatment on fibre can help fibres to have interfacial bonding and

reduce its moisture regain.

In this experiment, the tendency of PALF to absorb water was tested by using
moisture content technique which is place the sample inside water for 24 hours. The reading
weight of sample is taken every 2 hours in order to get accurate data. The last weight of the
sample will indicate amount of water enter the composites and swell. The presence of the

water inside the composites due to the micro crack on the surface of samples.

The sample dimension for this testing is 10mm x 10mm * 3mm and the percentages
of moisture content was calculated by using Eq 3-3. Figure 4.3 shows the process of the
water absorption testing for vinyl ester, untreated fibre and treated fibre. Blue cup is for vinyl

ester sample, green cup is for untreated fibre and white cup is for treated fibre.
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Figure 4.3: Water absorption sample

Based on the result from figure 4.4, untreated composites have high percentage of
water absorption compare with the treated composites and neat polymer. This is because the
untreated fibres contain of cellulose which is have higher chemical content that cannot resist
water and will absorb more water than treated. More water will penetrate to the fibre-matrix
interphase due to higher content of cellulose which can cause to crack in microstructure and

swelling. Small cracking will because large cracking due to the higher amount of water.

Water Absorption
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Figure 4.4: Bar graph of the water absorption testing
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However, the adhesion bonding between fibre and vinyl ester can be improve with
surface treated of natural fibre. Based on the result, treated composites has low water
absorption percentage because the surface of the fibre has been treated with 6% NaOH
solution. Alkaline treatment on the natural fibre will reduce the tendency of fibre to absorb
water by remove lignin and hemicellulose components from natural fibre and increase the

mechanical properties of the fibre.

As the result form bar graph, the water absorption percentage increase with time. The
longer the fibre expose to the water, the higher water it will absorb. Other than that, chemical
treatment also will reduce the amount of water absorb by the natural fibre via improve the
surface of the fibre and remove all the impurities. The neat polymer characteristic is different
from the untreated fibre because neat polymer can resist water because polymer is

hydrophobic characteristic.

4.3 Mechanical properties
Mechanical testing is performed in order to study the behaviour of composites under
different loads. For this research, the involve mechanical testing are tensile testing and

flexural testing

4.3.1 Tensile testing

Tensile test is used to evaluate the behaviour of the fibre sample under tension load
and to determine whether the sample have good in interfacial bonding. The value of ultimate
tensile strength of material was determined by pulled the sample to breaking point. This test
can measure the amount of force and elongation applied to the sample. Figure 4.5 shows that

the position of the sample clamp on the tensile machine.
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Figure 4.5: Sample position on the machine

Tensile test was carried out according to ASTM D3039 standard using Universal

Testing Machine model Instron 8872, equipped with load cell of 5kN, with crosshead

Imm/min. For each composite, five samples from each parameter which is total sample is

fifteen with dimensions 150x15x3 mm were tested.
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Figure 4.6:Tensile Stress and Tensile Modulus bar graph
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The bar graph in figure 4.6 show that the tensile stress of the treated composites
higher than untreated composites which is 15MPa compared with the 8MPa. The result
between treated and untreated of tensile stress and modulus show highest result on the treated
composites. This i1s because alkaline treatment on fibre can remove hemicelluloses and lignin
and enhance surface area for fibre/matrix adhesion(M Asiml, M. Jawaidl, 2018). The
tendency of the fibre to absorb water also reduce due to alkaline treatment but at certain

concentration it can increase the tensile properties of the fibre.

The composites become more brittle when increasing the pineapple fibre as
reinforcement and will show brittle behaviour and will decrease overall strength. The
impurities efficiently can be removing by using high chemical concentration but will reduce
the tensile strength cause to lignocelluloses degradation and rupture of fibre surface(M
Asim], M. Jawaidl, 2018). However, the data show that treated fibre gives better strength

compared with the untreated fibre.

Strong interfacial bonding between fibre and polymer and good stress dispersion of
load the towards the composites because of the increase in tensile stress and modulus due to
alkaline treatment. The increase of mechanical interlocking bonding because of the strong
fibre and thermoset bonding. The efficiency of a fibre reinforced composited depends on the
fibre-matrix interface and the ability to transfer stress from the matrix to the fibre(Siregar ef
al., 2015). The good adhesion between two phases due to clear surface of treated fibre with

enhancement of mechanical properties.
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Table 4.2: Comparison value of tensile strength for theoretical and experiment

No Theoretical value of tensile strength Experimental value of tensile strength
(MPa) (MPa)
1 100 15

There has different value for theoretical and experimental which is experimental
value is Jower than the theoretical value. This is because the fibres were not perfectly aligned,
and composites were poorly prepared(Kasim et al., 2016). Other than that, the different value
also due to bad surface finishing on the sample because of the not proper surface finishing

during fabrication process.

4.3.2 Flexural testing

The sample was tested to evaluate the flexural properties of fibre via strength and
modulus value of the samples according to ASTM D790(Sood and Dwivedi, 2018). The
sample is test by using universal testing machine (SEM) by three-point bending technique.
The three-point position of the sample during the testing was shown in figure 4.7. This three-
point technique can evaluate flexural stress, modulus of elasticity and flexural strain. The

crosshead speed for this testing is Imm/min. -
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Flexural testing was performed to determine the strength and the ability of the
material to resist the deformation under loading before reach the break point. Figure 4.8

show the flexural testing value of flexural stress and flexural modulus for zero wt%,

Figure 4.7: Sample position for three-point testing

untreated and treated PALF.
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Figure 4.8: Flexural strength and modulus of pineapple leaf reinforced vinyl ester
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Based on the graph in figure 4.6, flexural strength and modulus of treated fibre
sample has higher value compared with the untreated and vinyl ester sample. This is proved
that alkaline treatment can improved the flexural strength and modulus of the composites.
The treatment will remove the external fibre on surface and improve fibre matrix bonding
by exposed more cellulose content to the surface, resulting in higher strength of composites
treated than untreated fibre composites. The difference value between treated and untreated
is 86.22 % which is 73.28 MPa and 10.10 MPa. For flexural modulus the different is about
87% which is 3775.57 MPa and 461.84 MPa. However, the flexural stress and modulus of
the vinyl ester still higher than untreated fibre due to the gap between the fibre and vinyl
ester. The gap normally occurs due the wetting problem of the untreated fibre that led to the

weak bonding between them.

The bonding of interaction linkage between fibre and matrix for untreated composites
weak due to the untreated fibre with alkaline so the strength of fibre is lower than treated.
The good mechanical interlocking can obtain when the surface modification is done towards
the fibre surface. The treatment can improve the compatibility between reinforcement and
matrix. Positive effects can be seen from alkaline treatment more to flexural strength
compared to the flexural modulus of fibre reinforced vinyl ester(Sood and Dwivedi, 2018).
As conclusion, the alkaline treatment of natural fibre will increase the strength of the natural

fibre.
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4.4 Morphological
4.4.1 Scanning Electron Microscope (SEM)

Scanning Electron Microscope (SEM) was used to investigate the effect on the
surface morphology of the alkaline treatment and the interfacial bonding between fibre and
matrix(Nadlene et al., 2016). The sample use 1n this analysis is from tensile test sample
which is one sample for one parameter. From the result, the surface fracture of the vinyl ester
was much smoother than the addition of pineapple leaf fibre in the matrix. The characteristic
of the vinyl ester was in brittle manner and smooth. Figure 4.9(a) shows that there is no gap
or any hole in the vinyl ester fracture surface because there is no presence of bubble in the

solution during fabrication process.

From figure 4.9(b), it can be obscrved the presence of the fibre pull-out and gap
between PALF and vinyl ester. This situation can attribute to poor adhesion between fibre
and vinyl ester resin. Therefore, the tensile strength of the untreated composites is lower than
the treated composite. The gap occur because of the fibre has been pull out from the matrix
during the tensile test. Untreated fibre has impurities, wax and there are many burrs on the
fibre surfaces(Nadlene ez al., 2016). All the impurities and wax on the surface of the fibre

can be remove using alkaline treatment and increase the adhesion of the miatrix.

Other than that, the surface of the untreated fibre also rougher than treated fibre with
alkaline treatment. A group of the PALF was separate from the vinyl ester also can be
observed. This is due to the wetting problem of the untreated fibre because natural fibre is
hydrophilic characteristics which is the tendency of to absorb water is high for natural fibre.

This will reduce the interfacial bonding between fibre and resin.
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Figure 4.9(c) shows the result of SEM from treated of the PALF with 6 % NaOH to
remove all the impurities and wax at the surface of the fibre. From the figure, the treated
fibre has better dispersion of PALF in the matrix compared with the untreated fibre. Other
than that, the dewaxing process of fibre can reduce fibre pull-out because the fibre and matrix
adhesion has been improved, which can be seen in figure 4.9(c). The fracture surface results
indicate that the {fibre and matrices are distributed equally that can led to the highest in value
of flexural and tensile strength. There is no presence of gap in the treated sample so treated
fibre has higher interfacial adhesion between fibre and matrix, resulting in good mechanical
properties such as no fibre pull-out, less gap between fibre and matrix and less crack on the

composites surface.

As conclusion, alkaline treatment can clean the fibre surface from impurities because
remove the impurities can increase the interfacial binding between fibre and matrix that can

cause cracking on the surface.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

There have few researches has been conducted related with alkaline treatment on the
pineapple leaf fibre but focusing on the concentration of the NaOH solution. In this research,
it is more focusing on the optimum parameter of the alkaline treatment which is 6% of the
NaOH. The effects of alkaline treatment of the PALF reinforced vinyl ester on physical,

mechanical and morphological properties were analysed.

In this research, the fibre loading for the PALF is 5 wt% has been chosen for
untreated and treated composites samples. For physical testing, the samples been
investigated through the density, moisture content and water absorption properties of the
composites. In mechanical testing, the samples been analysed through tensile and flexural
testing. Based on previous researches, treated composites has better mechanical and physical
properties compared with the untreated composites due to the strong adhesion between fibre

and matrix.

Based on the physical properties result, treated composites has better properties
compared with the untreated composites. Treated composites has lower percentages of the
water absorption and moisture content. This is show that the alkaline treatment on the natural
fibre will reduce the tendency of fibre to absorb water by remove lignin and hemicellulose

components from natural fibre and increase the mechanical properties of the fibre.
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There has been a positive enhancement in the tensile strength and flexural properties
for the mechanical properties of the treated PALF reinforced vinyl ester. Tensile test result
show that treated composites has better strength compare with the untreated composites.
This is show that the alkaline treatment on the fibre enhanced interfacial bonding between
fibre and polymer and good stress dispersion of load the towards the composites. This is
support by SEM result, treated fibre show less fibre pull-out, no gap between fibre and all

the fibre well distributed in the samples.

For future study, the parameter of the fibre loading of PALF reinforced vinyl ester
should be increase such as 5 wt%, 10wt%, 20 wt% and 50wt% in order to analyses which
fibre loading has better properties in term of physical and mechanical. Other than that, further
study about the other chemical treatment that can be perform on the PALF in order to

produce high quality and stability of fibre for future use in industry production.

47



REFERENCES

Fadzullah, S. H. S. M. and Mustafa, Z. (2016) ‘Fabrication and Processing of Pineapple Leaf
Fiber Reinforced Composites’, (April 2017), pp. 125-147. doi: 10.4018/978-1-5225-0424-

5.ch006.

George, J., Bhagawan, S. S. and Thomas, S. (1996) ‘Thermogrdvimetric and dynamic
mechanical thermal analysis of pineapple fibre reinforced polyethylene composites’, Journal

of Thermal Analysis, 47(4), pp. 1121-1140. doi: 10.1007/BF01979452,

Ibrahim A, H. Bin (2013) Effect of flaeretardant agent on mechnical properties and
Sflammability of impregnated sugar palm fibre reinforced polymer composites. UNIVERSITI
PUTRA MALAYSIA. Available at: http:/psasir.upm.edu.my/id/eprint/56078/1/FK 2013

85RR.pdf,

K.L. Pickering , M.G. Aruan Efendy, T. M. Le (2016) A review of recent developments in
natural fibre composites and their mechanical performance’, Composites Part A: Applied

Science and Manufacturing, 83, pp. 98-112. doi: 10.1016/J.COMPOSITESA.2015.08.038.

Kasim, A. N. ef al. (2016) ‘Mechanical properties of polypropylene composites reinforced
with alkaline treated pineapple leaf fibre from josapine cultivar’, International Journal of
Automotive  and  Mechanical  Engineering, 13(1), pp. 3157-3167. dot:

10.15282/ijame.13.1.2016.3.0263.

Lau, K. tak er al. (2018) ‘Properties of natural fibre composites for structural engineering
applications’, Composites Part B: Engineering. Elsevier, 136(October 2017), pp. 222-233.

doi: 10.1016/j.compositesb.2017.10.038.

438



Ledo, A. L. et al. (2014) ‘“The use of pineapple leaf fibers (PALFs) as reinforcements in
composites’, Biofiber Reinforcements in Composite Materials, pp. 211-235. doi:

10.1533/9781782421276.2.211.

M Asim1, M. Jawaidl, K. A. and M. N. (2018) “Effect of Alkali treatments on physical and
Mechanical strength of Pineapple leaf fibres Effect of Alkali treatments on physical and

Mechanical strength of Pineapple leaf fibres’, 30. doi: 10.1088/1757-899X/290/1/012030.

Mishra, S. ef al. (2001) ‘Potentiality of pineapple leaf fibre as reinforcement in PALF-
polyester composite: Surface modification and mechanical performance’, Jowrnal of
Reinforeced Plastics and Composites, 20(4), pp. 321-334. doi: 10.1106/QWR6-32VV-K720-

596D.

Mohamed, A. R. ef al. (2009) ‘Characterization of pineapple leaf fibers from selected
Malaysian cultivars’, Journal of Food, Agriculture and Environment, 7(1), pp. 235-240. doi:

10.1016/).trac.2007.09.004.

Mohammed, L. ef al. (2015) *A Review on Natural Fiber Reinforced Polymer Composite
and Tts Applications’, International Journal of Polymer Science, 2015. doi:

10.1155/2015/243947.

Nadlene, R. et al. (2016) ‘The Effects of Chemical Treatment on the Structural and Thermal
, Physical , and Mechanical and Morphological Properties of Roselle Fiber-Reinforced Vinyl

Ester Composites’, pp. 1-14. doi: 10.1002/pc.

Nagarajan, T. T. et al. (2016) ‘Mechanical and Thermal Properties of PALF Reinforced
Epoxy  Composites’, Macromolecular ~ Symposia, 361(1), pp. 57-63. doi:

10.1002/masy.201400256.

Panyasart, K. et al. (2014) “Effect of surface treatment on the properties of pineapple leaf

49



fibers reinforced polyamide 6 composites’, Energy Procedia. Elsevier B.V., 56(C), pp. 406~

413. doi: 10.1016/j.egypro.2014.07.173.

Razali, N. er al (2015) ‘A Study on Chemical Composition, Physical, Tensile,
Morphological, and Thermal Properties of Roselle Fibre: Effect of Fibre Maturity’, 4 Study
on Chemical Composition, Physical, Tensile, Morphological, and Thermal Properties of

Roselle Fibre: Effect of Fibre Maturity, 10, pp. 1803—1823.

Rungsima Chollakup, Rattana Tantatherdtam, Suchada Ujjin, K. S. (2010) ‘Pineapple Leaf
Fiber Reinforced Thermoplastic Composites: Effects of Fiber Length and Fiber Content on
Their Characteristics’, Pineapple Leaf Fiber Reinforced Thermoplastic, 5(4), pp. 1295—

1307. doi: 10.1002/app.

S.M. Sapuan, A.R. Mohamed, J.P. Siregar, and M. R. 1. (2011) ‘Pineapple Leaf Fibers and
PALF-Reinforced Polymer Composites’, Plneapple leaf fibre, 32(4), pp. 989—1000. doi:

10.1007/978-3-642-17370-7.

Sanjay, M. R. and Yogesha, B. (2017) ‘ScienceDirect Studies on Natural / Glass Fiber
Reinforced Polymer Hybrid Composites : An Evolution’, Studies on Natural/Glass Fiber

Reinforced Polymer Hybrid Composites: An Evolution, 4, pp. 2739-2747.

Sgriccia, N., Hawley, M. C. and Misra, M. (2008) *Characterization of natural fiber surfaces
and natural fiber composites’, Characterization of natural fiber surfaces and natural Jiber

composites, 39(10), pp. 1632—1637. doi: 10.1016/j.compositesa.2008.07.007.

Siregar, J. P. et al. (2010) ‘The effect of alkali treatment on the mechanical properties of
short pineapple leaf fibre (PALF) reinforced high impact polystyrene (HIPS) composites’,
Journal of Food, Agriculture and Environment, 8(2), pp. 1103-1108. doi: 10.1088/1757-

899X/11/1/012014.

50



Siregar, J. P. et al. (2015) ‘Tensile properties of pineapple leaf fibre reinforced unsaturated

polyester composites’, pp. 5-8.

Sood, M. and Dwivedi, G. (2018) “Effect of fiber treatment on flexural properties of natural
fiber reinforced composites : A review’, Egyptian Journal of Petroleum. Egyptian Petroleum

Research Institute, 27(4), pp. 775-783. doi: 10.1016/j.ejpe.2017.11.005.

Strategia, V. ef al. (2016) ‘Design and development of pineapple leaf fibre machine’,

1(April), pp. 45-46.

Thakur, V. K., Thakur, M. K. and Gupta, R. K. (2014) ‘Review: Raw Natural Fiber-Based
Polymer Composites’, International Journal of Polymer Analysis and Characterization,

19(3), pp. 256-271. doi: 10.1080/1023666X.2014.880016.

Webber, C. L. L, Bhardwaj, H. L. and Bledsoe, V. K. (2002) ‘Kenaf production: fiber, feed,

and seed’, Trends in new crops and new uses, pp. 327-339. doi: 10.1016/).mib.2013.08.007.

Y.K.Chan (2000) ‘Status of the pineapple industry and research and development in

Malaysia’, pp. 77-84.

51



APPENDICES

Designation: D 3039/D 3035M - 0g*'
S’

INTERRATIONAL

Standard Test Method for

Tensile Properties of Polymer Matrix Composite Materials’

This etatard is dabed widis s fined desi
veud af etiging 1
ruu_'.uu! A suprnad it esdlan () ladicates an o

e vear of s el
tarkal change wluce the Ll tvisan o toapp

oo D 30E0TY 030N o nender fnaedisely following the deiamation indizatas he

2 A nunbn B pueahiion Bl o sew of L

Tz Lizeclond kit Boia gperiied for wie B agierlis of te Diparieial of Dt nze

v

£l Norn—Fq 3 was peviemd editanially 1n Dacemnbar 2007

L. Scepe

11 Tius test methed determines the in-plane tensile prep-
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1. Terminclogy
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D883 dednes werme releting to plastics. Tesminclomy E 6
deflues terms relating to mechanical testing. Tenminolosy
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1. Scape~

1.1 These test methods cover the determination of Hexural
propertier of vaseinferced and eeinforeed plastics. iacluding
hizh-moduluz compazite: and electrical inonlating maserialt ia
the forim of rectatizular bars molded directly or cut from cheets.
platea. or molded shapes. These tear methods are gemerally
applcakle to both nigd and semunmd matenials However,
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2. Relerenced Documents

LY ANTH Fandard.
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. Designation: D 5229/D $229M = 92 (Reapproved 2004)
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Standard Test Method for
Moisture Absorption Properties and Equilibrium
Conditioning of Polymer Matrix Composite Materials'
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i gl R een quoroed for ae B awencies of the Departeen; of Deferce
INTRODUCTION

Consistent eizloation el cornpaon of te espouse of polieer iy composizes o meisoe
abaorption ean only be pesformed when the maierial hiax bectt brovaht t 4 vniform theough-the-
Ciickner? maimure profile. The procedures described in Teat Alethod D 370 and Prastice: D 615 do aot
furamtee moistme equilibiuee of the matsnal A somla, but mepe ngoous wocedue fin
condiionng 1o equilibeivm is described by dis test methad, whick ean alse be vsed with fuid

moiarore other thay w
necessaey fon the analy:

i. Scope

11 This test methed covers a procedise {Procedure A) for
{he defermination of meishue abscrpticn or desorplion prop-
eibies in the thioughdhethickness diection for single.phase
Fickian solid matenals 1o flal or curved panel {orm. Also
covered are procedures for conditioning test coupans prier to
use n ofher tesl methods;, edher to equilibrium 15 a non-
labarstory envronment (Procedure B), to equibibrium 1n
standard Inhnramn' atmosphere enviroament [Procedure C), or
o an essentally moisture-fres state (Procedure DY Whele
mtended prmanly for laminated polvmer mainx composte
materials, these procedires are also applicable to ather mate-
sals that satisfy the assumptions of 1.2,

12 The calcuiaticn of the through-the-thickness maisture
diffirsty constant m Pracedure & axumes a single-phase
Fickian material with constant mowstare absseption praperties
thecugh the thickness of the specimen The validitv of the
cquations wsed i Procedurs A for evaluanng the mowstire
diffusvity constant 12 matersal of previowsly wnknown
mozsture absorption behavior i uncertan prior to the test as
the test resvits themselves determane 1f the matenal fallaws the
stigle-phase Ficksan diffawon madel. A remnforced polvmer
matnx camposite material tested below its plass-transition
temperatire typically meets this requirement, although twn-
phase matrices such 95 tonghened epowies may require a
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ter, and which, additionally. cza provide the modsture sbzorprion properics
sis of single-phase Fickian modsture diffusion within such materials,

multi-phase moisture absarptien model Wile the test prece.
dures themselves may be nsed for multi-phase matenzls the
caleulations used to determing the moisture diffitsinty constant
1 Procedure A are applicable only fo sinpls-phase matenls.
Other examples of matenials and test conditions that mav nat
mcct the requirements are disenssed m Section 14,

3 The evaluation by Procedure A of the mesture equilib-
rium  content material PFGPE"ﬂ does not AL, and o
therefare fiot limited 1o, single-phase Fickian difison behav-
0

1.2 The procedures used by thie te method mav be
performed, and the resulting data redneed, by suttahle sute-
mitic equ:pm"n{

1§ This test mathad 15 q.c-nmtem with the recommendations
of MIL-HDBK-i7B (l). which deseribes the desirable at-
tributes of A condstraning and morstere properyy determination
procedure

1.6 The values stated {n esther ST units or mch-pound unis
are to he regarded separately as standard Within the text the
mch-poand vaie ace shows w brackets The values stated 1n
cach system are not exact equivalents; therefore, each sysiom
must be wied mdependsntie of the ather Combrming vahues
from the two svstems mav result 1n nonconfarmance with the
standard

17 Tiis atavidard daes nor purpart w addres: all of the
safeny eancemie, I @, atecrmed wil nrowe i i othe
respousibility of the wier of this standand 1 axiahlizh appra-
prigie sfane and Deaith praciives owd darermme the applica-
iy of vagulaion lmtuatinn: priar 1o vze
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Standard Test Method for
Water Absorption of Plastics’
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L. Scope

1.1 This test method covers the determunation of the relstive
zate of abzorption of water by plastics when inpersed. This

25 method 15 mtended to spply 10 the testng of &l npes of
]Jld.'aLL:.. taeludimg casl Botmeided. and cold-melded resamous
preducts, aud bol hemozeneous e luniaed plastics o rod
cud twbe form aad in sheets 0.83 mun (0007 fu) o preaer i
Lhaedzess.

1.2 The values miven tn 8T units ae 10 be renarded @ the
standard. The value: atated ia parentheses are for information
eudy,

L3 Ihis standard does rot puryort o address all of the
qies concemts, i @iy astociated WhA ue wse. It i the

IpoRaIBiny of the wsor of this sumdmd 10 establich aporo-
Driage saeny and health pracuces ang dsteritine the appliea-
By of regulatory Timitanons priov 1o wse

NCTE 1150 62 1 sackencalty aquivalent to thi tast mathed.

1. Referenced Documenis
2V ASTA Standards
D837 Practice for Deesien of Molds for Test Specimens of
Plastic Molding M.ten‘l"
22 180 Standard
150 62 Plashics—Determination of Water Absc\:pfmn‘:

3. Significance and Uze

3.1 Thuz test methed for rate of water aborption has twe
chiel funchions: first, a5 a puids 1o the proportion of waler
absorbed by 2 mafenal and consequently, i those cases where
the relationships between morsture and electrical or mechanseal
properties, duuerisicns, O appedrance Have been delémed.
2 3 wide to the effects of exposuze to water or humid
conditions on such properties: and serond. a5 3 control test on
the unifermity of & product. This second functien i p:um.u.
larly apphcalls 1o sheet rod. and whe amws when the eyl i
wmade ou he dshed product.

" Toiy e mahad fx under 21e jurisdiction of ASTH Commines DYoo ¥
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3.2 Comparison of water absorphion values of varous plas.
tics can be made on the basis of values obtained in accordance
with 7.1 and T4,

3.3 Weal hfluzion of hgusds® imto pelvmens s & functon of
the square roob of unmersica tme, Tume to catursbion 1o
suongly depedent ou specipen tidlness, For exanpls, Telle
1 shows the Gume to ¢ Epproxtnete tune sEluation foo vaious
Lh:'tl'_le;; of aylon b,

3.4 The wonture content of & plastie 1 Ve inlmately
weluted to such propaties az electics] insolation 1esiztance,
dielecizie loszes, mechinical swempty, appearance, and dimen.
gionz. The effeer upon these properties of change in mofsture
comet due to water abzorption depend: largely on the type of
expoaure {By itmfercion ia weter or by exposure to high
bumnidiny), dhape of the pat. end wheent proputies of the
plaztic. With nonhomogeneaus materialy, weh az laminated
forms, the rate of water zbzorption may be widely diferent
throuzh cach edge and surface. Even for otherwize homoge-
20y materiale, it mayv be slightly srezter thraugh cut edge:
than through moelded surfaces. Consequentty, attempts ts
rorrelata water sheaepeion with the aurface srea muat penerally
be limited to elozely related materizls zad to 2imilarly shapad
specimens: For materials of widely varving densisy, relation
berween water-absarption values on a vofume as well as 2
woight bazdz may nesd 1o Be coraiderad

4. Apparatus

+1 Falmice—An analvtieal balance capable of reading
00001 g

41 Oven, eapable of maintaining wniforn temperamres of
30 230 (122 » 3A°F) and of 105 w0 110°C {221 w0 230°F).

& Test Specimen

31 The rest specimen for molded plastics 'ha!! be in the
form of a di2k 30 8 man (240.) in dismeter snd 3.2 mm (ain)
in thickness (see Note 2). Peemizalble vatiotions in thickaes
are £O18 mm (Z0.007 1) far hotemalded and 2030 mm
(G012 n ) for cold-melded or cast matensls

+ Adtitiona] [ufornazion v
o g follawing mtarense
Curzier, Conbridpe U
Fapmerz, ). Crack and G, 5, : ';. =i r_{‘ 'D:'Im:.ui:‘.
Duffsnan, ard S L 5t Felder and (0 5 Hpvard, an
Wecha of Fape L 1830, Acadamin Pren
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