
THE EFFECT OF SURFACE TREATMENT ON PALF REINFORCED VINYL 
ESTER COMPOSITES 

MUHAMMAD FARID ELYMAN BIN ALZAHARI 

A report submitted 
in fulflllment of the requirements for the degree of 

Bachelor of Mechanical Engineering (Plant and Maintenance) 

Faculty of Mechanical Engineering 

Universiti Teknikal Malaysia Melaka 

2019 

© Universiti Teknikal Malaysia Melaka 



DECLARATION 

I declare that this project report entitled "The effect of surface treatment on pineapple leaf 

fibre reinforced vinyl ester composites" is the result of my own work except as cited in the 

references 

Signature 

Name of Supervisor 

Date 

: ........ ~ .......... .. 
: .~.\l~.~.~~~ .... ~.0. 
: .. ?.-.~..\.~~?.~.~.~ .......... .. 

© Universiti Teknikal Malaysia Melaka ) .. 

/ 

/ 

/ 

/ 
/ 

/ 



APPROVAL 

I hereby declare that I have read this project report and in my opinion this report is 

enough in terms of scope and quality for the award of the degree of Bachelor of 

Mechanical Engineering (Plant & Maintenance). 

Signature 

Name of Supervisor 

Date 

:.~ .............. . 
: .~~ .. N1P.J.~~ ... M.th Li 
: ~1~.J.1-9.f.~i.~ ........... . 

© Universiti Teknikal Malaysia Melaka 



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 5wt% 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. 
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ABSTRAK 

Pada mas a kini, perkembangan sains dan teknologi merupakan masalah utama kepada a/am 
sekitar dan menjadi sangat serius di seluruh dunia. Penyelidik bekerjasama untuk 
menghasilkan bahan mesra a/am atau juga dikenali sebagai bahan hijau untuk 
menyelesaika,n 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 penyelidika,n ini, objektifnya adalah untuk 
mengkaji kesan rawatan permukaan serat nanas bercampur dengan vinyl ester dari segi 
sifat mekanika,l, fizika,/ dan morfologi. Parameter yang digunakan dalam kajian ini ialah 
5wt% daripada beban serat untuk P ALF yang tidak dirawat dan dirawat. Penggunaan 
rawatan kimia adalah rawatan alkali iaitu 6% NaOH Ujian sampel dibahagikan kepada 
tiga fasa iaitu ujian fizilml, ujian mekanikal dan analisis morfologi. Berdasarkan ujian 
fizikal, ketumpatan komposit terawat adalah lebih tinggi kerana meningka,tkan 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. lni adalah kerana rawatan 
alkali pada serat meningka,tkan ika,tan 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 menghasi/kan produk serat 
semulajadi berkualiti tinggi. 
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CHAPTERl 

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 modem 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 stiffuess. Natural 

fibre has lower cost compared 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 (P ALF), and kenaf is the most used of natural fibre in industry. 
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Pineapple leaf (P ALF) 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 especi~lly Malaysia: 

Some of the pineapple leaves has been used in the manufacture of yam, 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(Leao et 

al., 2014). Even the P ALF 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 P ALF is about 70-

80%wt which is making it having specific modulus and strength(Panyasart 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 P ALF reinforced with thermoset materials. In this research, the 

P ALF was treated using alkali treatment to produce P ALF composites that have better physical, 

mechanical and morphological properties. 
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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. 
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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 P ALF 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 P ALF 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 P ALF were discussed and observed. 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. 
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CHAPTER2 

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 al., 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 et al., 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). 
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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 nature 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 ofbio-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 

Vegetable 
(cellulose )r lignocellulose} 

I 
Seed Fruit Bast Leaf Wood Stalk Cane. grass & 

j j (or s
1

tem) (or l~ard) reed ~ibers 

Cotton Coir Flax Pineapple (PALF) Wheal Bamboo 
Kap<ik Hemp Abaca (Manila-hemp) Maize Bagasse 
Milkw~d Jule Her.equ~n Barley Esparto 

Ram10 Sisal Rye Sab11i 
Kenai Oa; 

Rice 
Phragmite~ 

Comm'.lnis 

Animal Mineral fibers 
(protein) 

n 
Wool/hair 

Lamb's v.ool 
Goal hair 
Angora wool 
Cashmero 
Yak 
Horsehair 
etc. 

Silk 

Asbestos 
Tussah silk Fibrcus brucite 
MulOOIT)' si~k Wollastonito 

Figure2.l: Groups of natural fibres (Leao et al., 2014) 
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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 thermos et 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. 
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2.2 Pineapple plant 

The pineapple is a tropical plant with a comestible multiple fruit consisting of 

coalesced benies. 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 offruit(Leao et al., 2014). In India, it is refined on 

about 2250 000 acres ofland 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 
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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 pineapple 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 na1row, 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. 

'. . .. 
. ,.._;,' I " .. 

Figure 2.3: Pineapple plant 
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2.3 Pineapple leaf fibres 

Pineapple, banana and citrus is one of the significant tropical fruit in the world. Three 

type of species locally grown-up in Malaysia which is Moris Gajah, Smooth Cayenne and 

Josephine. Josephine is one of the suitable species for P ALF 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, multiple researches and studies has been conducted related to 

the possibility of finding other applications to these pineapple leaf(Mohammed 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 

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

Most of the previous researcher only focusing on PALF physical and mechanical 

properties. Chemical treatment of P ALF 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 P ALF is outstanding compared with other natural fibres 

associated with their high cellulose content and low microfibril angle(Leao et al., 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 
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highest tensile strength and middle elongation at break compared with the betel fruits and 

barks. The extracted of the P ALF will deliver advantage in manufacture of yarn, woven 

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

The mechanical properties of P ALF can improve by perfo1m 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(Leao et 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 P ALF that can be used in manufacturing such as vacuum bag moulding and 

autoclave moulding. 

2.3.1 Extraction method of P ALF 

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. 
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Figure 2.4: Manual shredding of pineapple leaf (Leao 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 P ALF. This 

machine has a cylinder and there are some plates that can beatings on the pineapple leaf 

when the cylinder is rotating(Strategia et al., 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 (P ALF M 1) 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. 

i ; 

Figure 2.6:PALF machine (Yusof, Yahya and Adam, 2014) 
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2.4 Pineapple leaf fibres (PALF) reinforced polymer composites 

The studies about P ALF 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 

P ALF 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 P ALF obtained 

from previous research. Matrices used for P ALF 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 P ALF reinforced polymer 

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

Table 2.1: Physical and mechanical properties of P ALF. 

Mechanical and Source 

physical properties. Mohanty et al. George et al. 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 - - -
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2.4.1 P ALF reinforced thermoplastic composites 

A thennoplastic 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 thennoplastic that can be used as reinforced agent with natural fibre which 

is polypropylene, polystyrene, polycarbonate and polyethene (Mohammed et al., 2015). 

Thennoplastic 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 PALF. 

The result found that treated fibre has better properties of P ALF 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, 20 l 0). The results showed 

that the development of the P ALF 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 P ALF reinforced PP. The long fibre P ALF were 

stronger than short fibre because of the greater tensile strength. 
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Rungsima Chollakup, Rattana Tantatherdtam, and Suchada Ujjin, (2010) 

investigated the properties of pineapple leaves fibre reinforced polycarbonate composites. 

The result of P ALF 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 rep01ied. The tensile strength 

and impact strength of the P ALF 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., (20 I 0) carried out investigation on the mechanical properties of P ALF 

reinforced high impact polystyrene (HIPS) composites by performing alkali treatment. The 

purpose is to studies the result of alkali treatment on P ALF reinforced HIPs with different 

concentration ofNaOH. The concentration use in the experiment is 0%, 2% and 4%. All the 

mechanical properties of P ALF 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 P ALF 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 u~ed 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 ofthermoset 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 P ALF 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 al., 2015). Most of the preparation P ALF reinforced VE used wet 

hand lay-up method compared with the use of the liquid compression moulding process. The 

availability of P ALF 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 tenn of fibre loading and fibre surface modification. The 

mechanical properties including flexural, flexural dan impact has been observed in this 

experiment. From all modification, 10 % of the P ALF composite grafted AN showed 

maximum tensile strength ( 48.36 MPa), while the cyanoethylated P ALF 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 P ALF reinforced epoxy 

composites has been done to observe the improved mechanical and thennal properties. The 

improvement of mechanical properties because of the increase the fibre loading in epoxy. 

Nagarajan et al., (2016) studies the P ALF 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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CHAPTER3 

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. 

Preparation of 
PALF reinforced 

vinyl ~er 

Physical and mechanical 
testine Morphological 

• Oensity 
• Moisture 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. 

Weeks 
Job Scope 

Literature reriew 

Preparation of Kenaf 

Final Report Final Year Project 

Figure 3.2: Gantt chart FYP 1 

Weeks 
Job Scope 

6 7 8 9 10 11 12 13 14 15 

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 l.6glcc, 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 experiment, 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 3.4: Weighing vinyl ester 

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 100±5 - 98±5 2±0.5 

Untreated 120±5 6±5 111.6±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 P ALF need to treated using alkali solution to remove impurities on the surface 

of P ALF 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, 94ml of distilled water 

mix with 6g ofNaOH 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 P ALF 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 P ALF 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 

is optimum value for P ALF. The percentage of the fibre loading calculate by using Eq 3 .1. 

Fibre loading wt% Fibre weight for loading = 
100 

x fibre samples 

Eq.3-1 
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After cleaning process, the treated and untreated P ALF has been mix and stir using 

mechanical stirrer in the beaker. P ALF 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 P ALF into the mould. 

After that, the sample heated in the oven at temperature l 50°C. After the heated has 

finished, 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. 

r --

I 
I 
I .. 

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 P ALF 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 vinyl ester was weighed (m) before being soaked into water. The 

volume of water (V) was get by measured amount of water before and after immersed. The 

value ofm and Vwas used to calculate the density of PALF reinforced vinyl ester. 

m 
p= 

v 

Eq. 3-2 
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Where 

p is the density of fibre 

m is the mass of fibre 

Vis 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 1 OSC 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 Mf Moisture content of the sample is 

determined through Eq.3-2. 

Mi-Mf 
Moisture content(%) = Mi x 100 

Eq. 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 Tffr 

value. 

W1 -W· 
Wat er content % = L x 100 wi 

Eq. 3-4 
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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 et al., 2016). The tensile 

test of P ALF reinforced vinyl ester determined by using the Instron Universal Testing 

Machine, 5980 Series in figure 3 .10. The result is then obtained through the Bluehill 2 

software. 

------ _:~·---·. - ... - -=-c:::: 

--~ ----
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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. 

F 
()" =. -

A 

Eq. 3-4 

Where, 

a= tensile strength of the fibre (Pa) 

F = maximum force at break (N) 

A= area of fibre cross-section (m2 ) 

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 Imm/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 l 5k V 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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CHAPTER4 

RESULT AND DISCUSSIONS 

4.1 Introduction 

In this section, the physical and mechanical 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 P ALF 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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No 

1 

2 

3 

4 

5 

. . . Density of the object 
Speclf ic gravity = -------­

Density of the water 

Table 4.1: Specific gravity data 

Vinyl ester Untreated 

1.158 1.128 

1.104 1.172 

1.102 1.157 

1.103 1.162 

1.139 1.163 

Eq. 4-1 

Treated 

1.187 

1.125 

1.179 

1.191 

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/cm3, untreated composites is 

1.1562 g/cm3 and neat polymer is 1.1212 g/cm3. 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 
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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 P ALF 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 alkaline treatment has been perform on the fibre that reduce the tendency of the cellulose 

to absorb water. 

Moisture Content 
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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 P ALF 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 1 Omm x 1 Omm x 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 

lmm/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 l 5MPa compared with the 8MPa. The result 

between treated and untreated of tensile stress and modulus show highest result on the treated 

composites. This is 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 1, 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 et 

al., 2015). The good adhesion between two phases due to clear surface of treated fibre with 

enhancement of mechanical properties. 

© Universiti Tekn~I Malaysia Melaka 



Table 4.2: Comparison value of tensile strength for theoretical and experiment 

No Theoretical value of tensile strength Experimental value of tensile strength 

(MP a) (MP a) 

100 15 

There has different value for theoretical and experimental which is experimental 

value is lower 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 1 mm/min. · 
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Figure 4.7: Sample position for three-point testing 

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%, 

untreated and treated P ALF. 
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Figure 4.8 : Flexural strength and modulus of pineapple leafreinforced 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 ofinteraction 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 in 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 observed the presence of the fibre pull-out and gap 

between P ALF 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 et 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 matrix. 

Other than that, the surface of the untreated fibre also rougher than treated fibre with 

alkaline treatment. A group of the P ALF 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 % N aOH to 

remove all the impurities and wax at the surface of the fibre. From the figure, the treated 

fibre has better dispersion of P ALF 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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Figure 4.9 :Scanning Electron Micrographs of PALF subjected to different parameter: 
a) vinyl ester b) untreated fibre c) treated fibre 
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CHAPTERS 

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 P ALF reinforced vinyl ester on physical, 

mechanical and morphological properties were analysed. 

In this research, the fibre loading for the P ALF 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 P ALF 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%, 1 Owt%, 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 P ALF in order to 

produce high quality and stability of fibre for future use in industry production. 
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Standard Test Methods for 
Flexural Properties of Unreinforced and Reinforced Plastics 
and Electrical Insulating Materials 1 
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:u/L•(\ Cflltl.'tH"il.!. !f an,,1. CUJ(I( iur,~d ll ith [U tti('. Jr l! rh~ 
•r.:po;1:1b1l;~,. of rlu; u~c." of :iu: ;rm:da?d ;o r.::tabld1 (lppro. 
pri(;;,: ;((f~I)' <;1;:i 1;,-,;/rii prl;a11:,:.' 1md d,~r,:nm•:,~ 1/i,: <7pp/11:(7-
hrfil)· r./ r,:g11faW)' f1Jr,[/(l((l)/1j pn1~r 10 !G'-

' T:i~~~ It~· :Tr!'hod! g~ 'J...,.-J~1 ·!l~ j'J:i!Qici1J~ of A ~TM C'J'.'>:n.'Tli\t'!~ D~ ·~ \-:: 
P:-4,ri:, .£rnJ :&J.,) :J1;. Ji:.;.~! r'··;~:i .iltili1 6~ !J~..;U~:Jitt.;+. D)l 10 ..::: ~!~l:.l!li~;.l 

Cml!t.t e~~on 3;;:~ .. -~d M:rct 1;,. ;~·=1:. ?'.i~!l:t!ii :\~rJ ~~·l:. or.~~Y 
~prtrn ~~ tr. l ~·i) L""~: r:~-,,~.,~~ "!rl1rtvr. 1;.;:.,, '!i:i m :i::-::? ~~ D 7~0- (1;· 

~. Ref•r•nr.d Docum•nls 

D 61S P:~~::ic~ f;;r Co:iditionili!! Pfa~tic~ for Tc~tin!?: 
D 63S kt :O.fcthcd for Tctuilc -Propc!tic~ ~f Pbtic~~ 
D 883 Tcr:l!iuoloE\' RdatinE to ?la~ticc~ 
D 4000 Cfa:~iflcatioo S-.·~tcm for Soccifriu!! Pl~~tic }.fate-·. . .. . -
n~h' 

D ~9.11 Tc~t ~leth•·d~ for Phntc~! D1111en>ic.n~ .:if Sciltd 
Pfa~t1c Specimen~ i 

D 6~ i~ 'Ic~l t.l~lho<l for Fle:tur~ Propertm of Unrem. 
f.:•fte\l ::ud Rewtl:11ce<l Pla~!Jc~ :lll<I Eloc111cal Iu~ul:<lul(! 
~·fat•nab by four .Powt Bt-.ilhug! -

E .1 ?mticc? for Force l'criftc.'.J.ticia of Te~ti:lg :-.fachinc?$ 
E 691 Prnctkc for Couducti:l!! an Imcrlabomor..- Srudv t" 
Dctermlli~ the Prcci~iotl "f 3-Tcct !'.folh.:-de · • 

3. Terminology 
; 1 D~fimr101;~-Dcfi11itfonn .-ftmm. applyitig tl'.I the~o tc::t 

mothod< ~ppe~r m Tenmno!ot')' D SS3 ~nd Annex A! of Tes! 
~!ethod D 63S 

.1. Sumnury of Te!t :\lethod 

.11 A lw of recl~nt'.11)31 <:ross sechon 1ests on lwo ;uppa1ts 
wd i> foaJed l>y :ii~w~ t•f a k·~dwg uo;~ :cid11·ay bo:t\reo:u ili• 
~upyom (~•• Fig. I). A ~uppi:,rt ~!i~·t••-do?-iJt.h ratio of 16:1 
~hall b• u~ed uul•~~ thett? i~ iE!:li:t•u to:• ~u~po:ct th~t a lai g~1 
01):lll·lv·J'11t1l iStiv 1113)' b~ 1cquitcJ. a~ lll:i.)' l~ th~ ca~\: t"vt 
(muin l~miMt~d mwriu1~ (;~~ SwiM 7 unrl ~mt S for 
guicfancr) 

~ ~. Th~ :;pwmcn 1~ rlctkmd until nipt1.1rc ounn rn the 
outel rnr!l!ce of the test spe;:1men or until ~ m~xunum slr~lll 
(see 12 !) of 5.0 % 1s re~ched wh1ch~.-~r occurs tlr~t. 

.1 3 Ptc-cedure A employs z slt~lll r~t• of 0.01 mm ·mm mm 
(0.01 ill. iu_ win) auu !~ th~ p:-d'\.ot1cJ Jl!C'C~JUJ(' f~: thi.; t.:;;t 
wcth0J. 11Lile ?rn~~Ju1c B ,;wploy;: 11 "!Jaiu m~ iif 0.10 
1ll:il Ullll win (0.10 i.u .. iu. win]. 

: .~-:•:1,:;! t i::v; tJj.J.S'r.f ~·r;r.,-!i_-:d:, ~Oi 4)~ (11 
: .~'~ Eoof. c,_f.,5~.f:.!w.:~.1; . \i)~ 03 C•: 
• .:.,,:c.= ic.ot c-J.tST.~! !ur~~- \"o! IJ3 .~1!. 
: .!~~1:.t.:i:i' JJ~IJ!: ~f.!Sl.~/ ~~~~. \Ol 1J;.~·!. 
• .~~·711.-: ' £;.::;.~ •.lr~sr~t S·r.f";.·~·":T:t:, \O: 1~ f1 ~· 
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• Designation: D 5229/D 5229M - 92 (Reapprovecl 2004) 

·~-·-.HI 
11/T~llNH~IUL 

Standard Test Method for 
Moisture Absorption Properties and Equilibrium 
Conditioning of Polymer Matrix Composite Materials 1 

TZ: :u:~~ i; ~:i:;:d :!!ldcr tt..: =~a dc:1~no~ D :-;;y D $~~~~.!: t!::. n·.m:t'-;: l!ll:t~dl:.:~h· t~U~':\'l!l: ~c d~:t:?..."11·~!1 l!Ht::t~: tt~ 
yc:r ~,: ~n;-.:i:J :iOl)tl~:l ~!'. l!: :l;~ .;i;.;: o: :i:-..::1~:. tl:.( Y~!r O! 1::1 ?~·~i::~t.. ;. tl.l!tt·~ Ci ::::r~~;:.:: :r.d:~~~; t!:~ Y'=r ;-: l:.:: 
=~~;;:~\·~l. _:.. !\IP~l:rl~~ c~!ilo:i i.c! !!.llc:.:.e! .:n c~:~:cl c.:i.:J::~ !i=lC.! ~c L::t r-!\1.!1o:i ~,:=~~:;:~·\·cl. 

r.l'RODl"CTIO:'.\ 

Cou:;i::ttul ~-~ ~u~til!ll 2:Jd Ct)l!lp~:~c·u (1f t!Je i~:;Y~':t:;i' t,f f'~tl:.:i:~1 wauix c~imp~·~i:J? ~ t•~' I!lc~:::\u1~ 

~b~orpti0tl c311 culy be p~or:ued when the w:ncri:ll h~ bcC1l brou~ht t~ a utliform thr.:iuEh-thc 
t:lickllc:? moimm~ pr.:-ftl11. The pro~edurv~ dmribcd i.!l Tm :0.kth.:-d D i:o :!l:ld Pr3cticc! D 61S-d" :iot 
gu21:mt~t- uwi~lllle equilibi-iu:ll vr' th~ Ill~l~i;J. -~ ~i.ui.il:u. but !!I01e 1ii!0:-1 (•u~. :11.;•ceJu:o: fo1 
c.:•uJiti·:'lli:!g ll• equi1it>:ium i:; Je~-:ilied by !hi~ trn weth.~J, 11 hich c211 af~c u~ u~eJ lrith ilu:J 
mt1i~turil other thil!l water. 3lld which. additfo:i.ally. c<.:i proride the m.:-imirc 3bzorpti.:-u propmic~ 
!lece;:;a:} fo1 th~ analy~i~ .:•f :;iilgle-!'h:l!ie Fid:i2:1 uicoi;tu1e Jill'u~iou wilhi:l ~ud.i w~Miak 

l. Srope 

l I Thi< test method corer> ~ procedure (Procedure A) for 

the de!ermm~tton of rno1>t111e ~b>e·tplic.n or des.::>rphon prop­
e1l1es m tho throu.~h-the-tlud:nes> d1recl1on for sm11le-ph~•e 
f1:b~n sohd m~teri~ls m !fat 01 cun-ed panel form Also 

.:l!·•md .;re prNed11re> for conditto111ng t~c,t coupons prior to 
use m olhe1 tesl methods, either to equ1hbrmm m ~ non. 
l ~b;ir~tory enrnonment (Procedure B), lo e9u1hb1111m m ~ 

'.·t,indUJd laborntory at.mo:.ph~rt em·tronmcnt (Proc~dnre C). or 
tc> zn essenll~Jly moisture-Ire• slal• (Prc·redme D) \\ 'hzle 
mtend•d p11mar1i1· for lzm1nated polrn1e1 mztri:\ compos ite 

matenals. the-',~ proc~,ittrt:; Mt al~.o ;ippl1cabk to .;;htr 111atr.-
11~h that s~hsl\· th" ~rn1mpt1ons of J.:! 

I ~ The nlcul•hc n of the th1ouPh-the-tl11clness mo1stur• 

d11ft1;r.-1ty con:;Mnt m l'mccdure .~· .J rnttnt~· a ~m~k-phD5t 
F1ckm1 mMernl tnth «~·n~,tant mo1~t,1re ab5.xpt10n prl'pert1c~· 

thrc ueh the th1cl:nes> o f the sp~c1men The \·~hdzty of the 

eqt1~ttl'm 11:.ed m Prnced11re ;\ for er.Jl\l~tm:;: the ;iwmt1re 
d1fii.l\11·ity C(>n:.t,111t in ~ mwml of prc;·1o~ic,iy 11n~:nown 
moisture ab~orptrnn beha\ 1o r 1s unce1 tarn pnor to the test. ;1s 

the tr.~.t rcrnlt5 themoth·c:· determine 1ftl1c mDtcrrnl follow5 the 
'.•tngk-phil~ie F1.:krn11 dtfii.l"f(>ll m.:-MI :\ rcmforccd polymer 
m~t11~ rornpo1ite materi~l tested belon· rts ,l:'l~ss-tr~n~11lon 

temperati.1re tvptc.Jlly mr.et~, tlm rtqlllrtnient, a !thotr.~h two­
pho'.•t matmr.~ ~11ch ii~ toughrne.d epnx1e.'.· may re.q111re a 

; TJl: ~: ~d:~.: 1! :::1!C t!:.! f.L"l!<hoor. d .-\~I'M C-;·~"'tt:C D:o ;::~ 
Go"t:p\1!1·~ ;\f.! l!Htl? t.id 1~ U'.! .::r'=':t ?~!(hY.~1tt1hty c.f ~;·J':°'A;('ILl."Tllll'!! [J}': f...i .:.r. 
J.,JT.b' >r.~ ;,,_,,inn T..,: ~1~0;.,;, 

Cw1~1.I "Ji:b1; ~J.'JllU' . .. ~ ~!i: : . :oil.! ,.L.Hi~1 ~li:..:h 1:.:..: Odsi.r.l:h 
~pyi ..:.i '"'.! :i. :oc: t ;..1 p••\iuJ, •ililkr:11!l~'1ut .,:l c. H:~s s.. o !:::. n ~2:o~r -~~ 
.. 1~..;~;·:. . • 

multi-ph~,, mo1<ture ~bsorptlon mo<l•I Wlule the test p1oce­
dure~ them,eh·e~ m~y be med for multi-pha,e m~terz~b. the 

.:akul~t1ons used to determme the mo1stu1e ddfos1ntv const~nt 
m Procedure A are ~pplzrnble only to sm~le-plme .mite1ials 
Other c:..ample~ c.f maten~b ~nd te,t cond1t1M5 th~t ma·• not 
meet the rcqt11rcmcnt:; art d1'.·C11«cd u1 Sci:t1on I . .:I . · 

1 3 The eralu~hon by Prc·r.,\Jme A ot' the mou1ure equihb­
num content matcnal p ropertj· deoc; n.::>t a>;11me, and 1; 

therefore nN lm11ted ti!, '.·tngk-plme FK~:rnn d1ff\i.;1.,n bcha;·-
1or 

1 .! The procedure, med b\· :ht~. :e;t n:eth.'.>d m~Y be 

performed, und the rc:;11hmg d~1a rednwl, by H11tablc ~mo­
m~tic e9u1pm•11t 

I ~ Thi~ te~t method l~ c~n~t~t~nt \\·1th th!' rccommend~tt~tu 
of \llL-HDBK-t:B (1),1 wh1d1 1:k•.mlm the dc.,11rnbk at­
tnbutc.; of 11 c"nd1ti•'11111g and 11101:.tttr~ pmp~r.y Mtcr1111n.iM11 
procedure 

I 6 The ·:uluc.; •,t~ted in either SJ unit:, or wh-po1111d t1111t> 
m t.~ bt reg.1rikd ~crw~tcly a5 :-<1111rlard W1th111 the w.1 tl1c 
111ch-pc·und um:~ arc ~hom-i 111 br~d:eb The ·;nlue; 'Wed 111 

c<id1 ;y;tem ~re not ex~ct ~qim-~knts: theref.:·rc. e~ch : • ..-mm 
nn1;t be ti.Jed 1ndepend~mly ,,f the ~thn C"m\n111ng ;.~Ille'.· 
fr.'.lm the two ;,·,tcm' ma\· remit 1n nM~Mformnnce with tho 
:.t~ndard · 

I -;- Tiu;, Jt(n;dard dot!.;:. 'iOi p~npon to c1ddn::-s.: (;[/ rif rh,:. 
;o/l:1;r Cllll(.(."li[., (f 0:1r oc.~oc1mr.d 1nrh m u;c !1 1; thf. 

rt:;~pOJJHf.tlifJ' o_f rl:": ... flJt: r of tht; ~fm~d(1rd :o ~;:~/{1blt~lr (;ppr(J .. 

pria:t. ::1if-;:1y mid h,:;1/fi; pr;1,:t1,:,:; tllid d,:;,:rmm,: 111,: appflC(l­
.?1!11y of n;g11h;m•y lmmnr:n;:~ p?/or 10 f/;r. 

: :: ... ~~~hl!;-..: .;. ~.cub;! . Ci p.;..i ... z;G•·'"'· t•(•~ 1u :!..• li.: ~r:i:.f.t ,;,1.: w. •! t!..itl .o.nJ. ~r 
~:::?\i:?d. 
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~ De~ign~tion: D 570 - 98 
-··ulf 
IHT£~nOIUL 

Standard Test Method for 
Water Absorption of Plastics1 

ruh .~lll:t.1 i. ~~u,~i ~J~ Ll.\: ~.d J~~i;::.4ti~~ 0 S~~. ~\; :!~~~ ~'·..U.t~:, !~·U~\fia: tl~ .,:,~r~:.ZUL ~·liUt~:. tl.~ 11.-;.;~ ij~ 
~:'l;:!lJ .:!Optl~!l ~:. l!l t!~ ~:t o: :~·,-::1~!. t!:t y~l: o: !..lli t\.\~1~::1. A. r:o:~ ~ :i:r~~~~: ~~U!t: ~' ,.~:: C.~ l~: :~;:i::i:·\'ll. A :upc!'!~:~ o:~:.11o?l {,y t:dl:.;i:c.: ~ ~dlt~:i:! ~=e ~<~:he !::t tC".'l!1o:i \ ·: r!.:ri:~vil!. · · · 

1. Scope 

I.I Tim le~l method co\·e:~ the deternnnalion ofllie 1dauve 
iate c1f abMptiou. i:!f 1ra1~ by pla,;tic,; 11b~u. i:.umo:r;eu. Thi; 
tbt we!h.:d i; iutruJ~d ti:! ivply w lhe trniug of :ill type~ c•f 
vla;uc;. l:idUulllg ~a~t. !J<•t.1110!1.!~ll. a.uJ c·:•liJ .wdu~J 1e;w.:1u; 
!-': c•dti;;l•. i:.llu both L,;;w.;.2 c'l!cc• u~ a:id !::miw:i.t~d t!la~Lic.: in :(.•u 
a.ud tul1e fo:w :l:iu w ~he-ei. 0.13 UUlJ ((1.00;: ill.) 01 g:clM w 
lhid::ie;;. 

I.~ The r:ih1e; girni i:! SI u:iit; a:e to be t(~;JJJed ~ the 
~tEJld!l!d. Ille ra!ucl at3ted in p3!il!ltllc~c3 JrC for irJormatiou 
c-:ily. 

U ni!i ::imdiitd doi:s r;ot purpvr/ tv 1ww~;~ all t:f 1fa• 
sq;c0· concern:. ii' a;~r. a;;ocratcd imh m icto. Ir 1; the 
;v;spon:abrl::y of rhc U!C!' of thi; :umdard 10 c:tabli:ll appro· 
pm1c :a/cry and he.a.Ith pactzcc: ai;d dcummnc rhc appltca· 
b1!1ry· o/ r,:gufatoiy lmmmtom prror ro rD,: 

2. Reterenced Documents 

2 1 ASTM Standard: 
D 6.i 1 Pr1.ct1ce for Drn~n ot' .\!olds for Test Specimens of 

Phsuc ~lolding ~bter;:!.ls: 
2 2 ISO Standard 

ISO 6~ Plaslln-Dete1mmal1011 of Water Abso:phon) 

3. Signific~ncc ~nd U~c 

:U This te~t method for !:!.le d' \1·ate1 ~b~o1pU011 h;?.t; lwc 
chief funcl1om first . as a ~Ulde lo th~ p1oport1on of water 
absorbed by z ffi;?!enal znd consequent!\ m those nses 1rh'1e 
the relatJonslnps bet\\"een mo1st111e and declr1cal or mechanical 
j)f(1p~1J.;~. uul.le~1.;•w. C•I ~PJlH1:iac;, ll:.r ;, l>oi:t'".i ~M~WUl~d. 
~ a guide to the e!l'.:cts of e;tp;.'SU!e to 1nle: 01 hu:n1d 
condrucms on such propeti1es: ~nd second as a control test on 
the uuifo1wity of a p1Cldoct. Thi~ mc•llJ fuuctic'?l i; particu. 
l:uly applicablo? Iv ~beet roJ. and tul"i! a11.c~ \\beu th~ to:;t i; 
wade c•u Lile lhu~lied pi oil ucl. 

I ihh 1!~'. m~·.:,~d h ~J~d~I ~~jUJi!.:iktk~ (lf.1~~,r C<.:nmi~~ D-~rj tic ?t.,~li.:~ 
.1.1.: j, b• d~•:: :•,pcin,iHlin· cr ~t.:.b:crr.r.ii!~ ... D :u.:c er. P•::-:ur.•:::ic• P~.:~1~i·­

C.u1•1.1 V.!.i:.:cu. 'JIJ"\l'-"i ;Lil~ 10_ }\.;S ;>J!:JlJ.-.J iA:I~~~ ]\;.:;, ~ Oii~ir..A:!\ 
rJ~l!:l~d:: 9 ~-o - 4~ r. L~1 p!(:\1.j"J; i::d.-u~: o ~-1; _ ~~. · 

'Di:c:~'2:~t·i !?il l: t'Pl:"i !J::D ;,~o. :J :m.o ;011. D n•;. :o!!dD ~~:c. 
$~ !~~~ .!.';1:~ J:"i '1.!~·J.IJ 5·:~~1:: \'o! 1)3.0l. 

' _;,u :l"IJ~~ tC'rr. :i:n~:1:z.1 ~~.1tr\I·.-?! ~;·l1d1-1tt~ !:i ~~;tct-:, H \r 4-?r.:~ ~· . l.'tl: 
n .. ,1. ~:," Yd, ~;· 1r(1~6 

3.1 C'owp~mon of \1·~t~r ab~orptlon ulue~ cf vanou~ pl~ . 
hes c~n be m~de en the b~m of •: ~lues obtained m ~ccordance 
with '7.1 aiiJ 7.J. 

3.3 !\lea! ll1tl'11Mtl c0fhqu1i.l~4 ww J)c•lywe1; i~ ~ iu:1c11ull uf 
th~ :;qu:J"! :.:-cil of !lllDl-:::;1-:-:i time. T !ll!-! to ~;: tur~tloo 1~ 
;uc•ugl! d~po!:.tu'!'::il 011 ,;p~;;i:i!~u thid:u~~~. F..:11 ;,.•;2Wpl~. Tal•!e 
l ~he•\\'~ th~ Liwe tc' :!Jlpio.~;;te tim~ ;~1u1atic•:.t fo: ; aiiou~ 
thid:rib; ,,f ll)'k•u.6. 

3.~ Tue :.uo1~tu1e C(•:1teu.1 of a pl:i.:;11c :; -.·"'1! lllllll!atdy 
1dateJ ti:! ~udi JilCJ)~11i~;; ~ i:kcuicfi! iu"uhtiou. 1e~i~t;;.ucc . 
diele~l!ic lime~. wi:ch:l!lic:tl ~l!·i:o.ig.lli. app~;!t:mce. 3!ld Jiul~­
~ic•:H. The i:?Jl~ct upc•::i the;e p:i:!pertie; of ch(!!l.ge ill wi:!i,;tu1e 
comcm due to \\"3ter al>?o~ptiou depci;d~ !Jrgely on the t:>pe of 
ci;po?ure (by i!wn~ion i.!l water er by expo3U~e to hlgh 
hu:.uidity). ~hapc of !Le p3!1. ~d iillil1 ('lit Jl!(•pc1tii:J o:!C the 
pl3~tk With nonhomogc11e1'.l11~. matt\ri3(~ .• ~uch M laminated 
foruu, the me of \\'titer sb~orotion maY be wide!\· di!Ierent 
th:ough c~cll edge :uid ?urface: Ern1 fer otherwi~e ll.:i:uoge­
neciu? material~. it may be ilightly gre:;ter through cut edge~ 
than through molded :mrface:, Conseqt~ntly, Mtempt> t'' 
r.orrdst.~ \t'atcr sb~·,rption \\'tth the ~11rfac~ sre3 mti~t g.:>rwr31!y 
be limited to c loody rnlatcd materfalc ::nd to zim.ifarly ~hap~d 
:,p~nmens: For matmnl:, of w1Mly ·,·urymg d~n:, 1ty, relotion 
btr,\'N'tl \\'uttr-nb:,orption .-~lur.'.· on ~ .,,,fume ~~ \\'di ~\ n 
\\'~igln bMi1. mny 1wd to be ccr1lidcwt 

4 • .Apparatus 
-U 3,1{(mc,~-.-\ n iln~lyttt •l i hal;ince 1: ~pable ;:if re~n111g 

(rJ>OOt g 
~ ~ Oren, c3psble of nrnitltai11ing nniform tffi1pcr-an1m. of 

50 :!: 3'C (112 :!: 5.fi) and of 105 to llO'C (221 R' 230'F). 

~. Tes< Spcdwcu 
'.' I The t~!ot :.pcc imen for molded plmi.:o :.hall be in the 

form of a di~!: 30 S mm U in ) in dismcttr and 3 ~ mm (1.l ir,) 
ill thickl!e~3 c~ce ::\o)!C ~). Pcrmi~"ible r~i:itiO!l3 ill thicl:!lm 
w :!:O IS mm (::o.oo: m.) f.:-r 11.:.t-m~ld~d mid :!:0.30 mm 
( +o 0 l ~. in i for cC1ld-molckd or cu5t mntr.nak. 

'A.:!.!i:iLm.21 i.:i(:)1U.i:if>L !•·.?:i:·~:::9 JiTu,b :! .;,( ll:..LI.!. i.t. :..vhl1.-.: , cm \.;. ful!n:! 
~ :!I~ :oll-~nl:l; r~!~~:c:: i:i:• .r.;:r.!:ilir.. .\fa:: 1>~!;,r,, .:.;; Ai.::.d s~·!1:.~:~. E. L 
c·i:.:.!u. cn~nd::~ t°tlnr::ry :"!c:~. l~~~ . I!B~: c· . ~: ;.:9l!O- ~. ( .. - .1 D;t"'...::"'~ !'.! 
P~~-r,:cr:. J. Cl=!: ;i:id (;. S. Pd .\cdtt:; Pie::. l?~. ;:i:~ t.i) -P=c.:0~1 
Dni';~1~. u.~ ~·~1~·:t of <)i~~~ u.;: \:';<'·~~-. · F: ~-t F~M~1 anri t) ~i H·,, ~rei, 1r. 
V!~ir•:-.lt qf r~p!rirr:t'7'~1: P~ :fr-: . • \.d 1 tC. i 9~0 . . !i.(ld~r.-.fi: ?i'!:~ 
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