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ABSTRACT

Malaysia is the largest producer of palm oil in the world and through this
activity, it produces huge amount of unutilized Oil palm trunk (OPT).
Decreasing of raw material from forest production land, non-wood such as oill
palm has become the important alternative raw material. So in this research,
OPT is used as an alternative material for wood composite product. After
that, the super-fast drying method that has been introduced by Bakar et al. in
2016 can improve the efficiency of drying, and minimize the drying defects.
This study was undertaken to determine the gluing condition, holes position
and physio-mechanical properties of laminated super-fast dried oil palm
lumber. In this study, two different types of adhesive and holes position have
been used for produce laminated super-fast dried oil palm lumber. The
results revealed that laminated super-fast dried oil palm lumber with optimum
physical (thickness swelling and water absorption) and mechanical properties
(bending properties and shear strength) was produced using different
adhesive and holes position.



ABSTRAK

Malaysia adalah pengeluar minyak sawit terbesar di dunia dan melalui aktiviti
ini, ia menghasilkan sejumlah besar batang kelapa sawit yang tidak
digunakan (OPT). Pengurangan bahan mentah dari tanah pengeluaran
hutan, hasil hutan bukan kayu seperti kelapa sawit menjadi bahan mentah
alternatif yang penting. Jadi dalam kajian ini, OPT digunakan sebagai bahan
alternatif untuk produk komposit kayu. Selepas itu, kaedah pengeringan
‘super-fast dried’ yang telah diperkenalkan oleh Bakar et al. pada tahun 2016
dapat meningkatkan kecekapan pengeringan, dan meminimalkan cacat
pengeringan. Kajian ini dijalankan untuk menentukan keadaan pelekat,
kedudukan lubang dan sifat-sifat fisiologi mekanik kayu kelapa sawit yang
dikeringkan dengan kaedah pengeringan ‘super-fast dried’. Dalam kajian ini,
dua jenis pelekat dan lubang berlainan digunakan kepada ‘super-fast dried’
papan kelapa sawit berlamina. Hasil kajian membuktikan bahawa ‘super-fast
dried’ papan lamina kelapa sawit dengan fizikal optimum (bengkak tebal dan
penyerapan air) dan sifat mekanikal (sifat lenturan dan kekuatan ricih) telah
dihasilkan menggunakan pelekat dan kedudukan lubang berlainan.



ACKNOWLEDGEMENT
First of all, | would like to express my deepest gratitude to my supervisor,
Assoc. Prof. Dr.Edi Suhaimi Bakar and my co-supervisor, Dr. Mojtaba Soltani
for their passion and patience in motivating and conducting me in this study.
Their guidance and advice have helped me to rethink, revise, learn and

update knowledge in research field as in wood science and technology.

Besides, sincere appreciation is extended to the staff of Faculty of Forestry,
Mr. Zamani Mohd Daud, Mr. Mohd Fakhruddin Imam Supa’at, Mr. Rizal
Abdul Rahman and Mr. Mohd Hafizie Manap, for their assistance and

cooperation when carrying out my experiment.

Furthermore, sincere appreciation goes to my thesis committees: Mohd
Rafsan Rais, Muhammad Nadzim Mohd Nazip, and Wong Mui Leng, for their
helping hand, encouragement and guidance during this study. Special thanks
also to my valuable course mate who sacrificed their time and energy for

giving me ideas and comment to complete my study.

Ultimately, my warmest appreciation to my lovely family members who are
ready to motivate and encourage me all the time. Furthermore, my sincere
appreciation to everyone who supported and helped me directly and indirectly
throughout the project. Last but not least, | would like to pay tribute to all the

researchers for their hard works in any studies to make this world better.



APPROVAL SHEET

| certify that this research project entitled “Properties Assessment of
Laminated Oil Palm Lumber Made from Super-Fast Dried Oil Palm Wood
Bonded with Different Adhesive Type and Holing Alignment” by Ruslan bin
Mohd Nasir has been examined and approved as a partial fulfillment of the
requirement for the degree of Bachelor of Wood Science and Technology in
the Faculty of Forestry, Universiti Putra Malaysia.

Assoc. Prof. Dr. Edi Suhaimi Bakar
Faculty of Forestry

Universiti Putra Malaysia
(Supervisor)

Prof. Dr. Mohamed Zakaria Hussin
Dean

Faculty of Forestry

Universiti Putra Malaysia

Date: January 2019

Vi



TABLE OF CONTENTS

Page
DEDICATION i
ABSTRACT iii
ABSTRAK iv
AKNOWLEDGEMENT v
APPROVAL SHEET vi
TABLE OF CONTENTS vii
LIST OF TABLES iX
LIST OF FIGURES X
LIST OF ABBREVIATIONS Xii
CHAPTER
1 INTRODUCTION
1.1 Background of Study 1
1.2 Problem Statement and Justification 4
1.3  Objectives 5
1.3.1 General Objective 5
1.3.2 Specific Objectives 5
2 LITERATURE REVIEW
2.1  The Oil Palm Tree 6
2.2 Oil Palm Plantation in Malaysia 6
2.3 Characteristic of Oil Palm Wood 8
2.3.1 Moisture Content 8
2.3.2 Density 9
2.3.3 Dimensional Stability of Oil Palm Wood 9
2.4  Super-Fast Drying Method 10
2.5 Laminated Lumber 10
2.6 Thermosetting Polymer & Thermoplastic Polymer 11
2.6.1 Polyvinyl Acetate (PVAc) 12
2.6.2 Phenol-resorcinol-formaldehyde (PRF) 12
3 METHODOLOGY
3.1 Materials 13
3.1.1 Super-fast Oil Palm Lumber 13
3.1.2 Thermosetting Polymer & Thermoplastic 14
Polymer
3.2 Apparatus 15
3.3 Methodology 15
3.3.1 Preparation of Oil Palm Trunk Raw Materials 15
3.3.2 Making of Laminated Super-fast Dried OPL 18
3.4 Testing 20
3.4.1 Physical Testing 21
3.4.1.1 Density 21
3.4.1.2 Thickness Swelling 22
3.4.1.3 Water Absorption 23
3.4.2 Mechanical Testing 24
3.4.2.1 Static Bending (MOR and MOE) 25

3.4.2.2 Shear Strength Test 25

Vii



3.5 Interpretation Data

4 RESULTS AND DISCUSSION
4.1 Summarization of ANOVA using Independent T-Test
4.2  Physical Properties
4.2.1 Density
4.2.2 Thickness Swelling
4.2.3 Water Absorption
4.3 Mechanical Properties
4.3.1 MOR
4.3.2 MOE
4.3.3 Shear Strength

5 CONCLUSION AND RECOMMENDATION
5.1 Conclusion
5.2 Recommendation

REFERENCES

viii

27

28
31
31
32
34
39
39
41
46

49
49
49

51



Table 4.1:

Table 4.2:

Table 4.3:

Table 4.4:

Table 4.5:

LIST OF TABLES

Summary of ANOVA using Independent T-Test for
laminated super-fast dried OPL with different holes
position.

Summarization of ANOVA using Independent T-Test for
laminated super-fast dried OPL with different type of
adhesive.

Density of Laminated Super-fast dried OPL

Mean comparative density, thickness swelling and water
absorption of laminated super-fast dried OPL and some
laminated composite

Mean comparative strength of laminated OPL and some

common tropical species and wood composite

Page

30

30

31

38

45



Figure 3.1:
Figure 3.2:
Figure 3.3:
Figure 3.4:

Figure 3.5:

Figure 3.6:
Figure 3.7:
Figure 3.8:

Figure 3.9:

Figure 3.10:
Figure 3.11:
Figure 3.12:
Figure 3.13:

Figure 3.14:

Figure 4.1:

Figure 4.2:

Figure 4.3:

Figure 4.4:

LIST OF FIGURES

Pattern of cant

Thermoplastic PVAc

Thermosetting PRF

Flow chart for Super-fast dried lumber preparation

Pressing of oil palm lumber by using hot pressing
machine

PVAc was placed on OPL holing surface
PRF was placed on OPL holing surface
Laminated super-fast dried OPL (outer part)
Experimental design of study

Cutting pattern for test pieces

Test pieces were put in upright position.
Three point flexural test.

Cutting pattern of shear strength test piece
Shear strength test

Mean value of Thickness Swelling of Laminated Super-
fast Dried OPL made from outer part of OPT with
different types adhesive and holes position.
Thickness Swelling against Types of adhesive and
holes position for laminated (inner) OPL.

Water absorption after 2 hours and 24 hours against
Types of adhesive and Holes position for laminated
(outer) OPL.

Water absorption after 2 hours and 24 hours against
types of Adhesive and Holes position for laminated
(inner) OPL

Page
13
14
14
16

17

18
18
19
20
21
23
25
26

27

33

34

35

36



Figure 4.5:

Figure 4.6:

Figure 4.7:

Figure 4.8:

Figure 4.9:

Figure 4.10:

MOR against types of adhesive and holes position for
laminated (outer) OPL

MOR against types of adhesive and holes position for
laminated (inner) OPL

MOE against types of adhesive and holes position for
laminated (outer) OPL.

MOE against types of adhesive and holes position for
laminated (inner) OPL

Shear Strength against types of adhesive and holes
position for laminated (outer) OPL

Shear strength against types of adhesive and holes

position for laminated (inner) OPL

xi

42

43

46

47



LIST OF ABBREVIATION

CPO Crude Palm Qil

MC Moisture Content

MOE Moistures of Elasticity

MOR Modulus of Rupture

OPT Oil Palm Trunk

OPW Oil Palm Wood

PF Phenol Formaldehyde

PVAc Polyvinyl acetate

PRF Phenol-resorcinol-formaldehyde
PKO Palm Kernel Oil

sMOE Specific Modulus of Elasticity
sMOR Specific Modulus of Rupture
SPSS Statistical Package for Social Science
SWP Solid wood panel

TS Thickness Swelling

WA Water Absorption

xii



CHAPTER 1
INTRODUCTION

1.1 Background of Study

The past few decades have seen the rapid growth of the oil palm industry in
Malaysia, in terms of cultivated area and volume of production. Today, oil
palm dominates the landscape throughout the country and the industry has
become a major contributor to Malaysia’s export earnings. Malaysia is
currently the world’s largest exporter of palm oil although it is the second-
largest producer of the oil after neighboring Indonesia. Malaysia is located
near the equator and is categorized as equatorial climate. Throughout the
year, Malaysia is hot (average 27°C), has high humidity (around 70%) and
the average rainfall is 250 centimeters per year (Jamaluddin, 2012). This
climate is very suitable for oil palm (Elais guineensis Jacq) plantation.
Besides, Colchester et al. (2006) stated that South East Asia including
Malaysia attracted many oil palm developers because lower labor cost, lower
land rent, in line with government plan (to grow this sector), financial

incentives and favorable climate.

Today, 5.7 million hectares of land in Malaysia is under oil palm cultivation,
producing 17.73 million tons of palm oil and 2.13 tons of palm kernel oil.
Malaysia is one the largest producers and exporters of palm oil in the world,
accounting for 11% of the world’s oils & fats production and 27% of export
trade of oils & fats. The industry provides employment to more than half a

million people and livelihood to an estimated one million people.



Oil palm is a monocotyledon crop as it bears both male and female flowers
on the same tree. Each tree produces compact bunches weighing between
10 and 25 kilograms with 1000 to 3000 fruitlets per bunch. Each fruitlet is
almost spherical or elongated in shape. Generally, the fruitlet is dark purple,
almost black and the color turns to orange red when ripe. Each fruitlet
consists of a hard kernel (seed) enclosed in a shell (endocarp) which is

surrounded by a fleshy mesocarp.

Oil plant is mainly grown for oil production. The crude palm oil (CPO) and
palm kernel oil (PKO) can be obtained from the fruits. It can be used to
produce the products such as cooking oil and margarine. While PKO used to
produce non-food products such as soaps, detergents, toiletries, cosmetic
and candles. Nevertheless, palm oil only about 10% of the whole palm tree,
while the other 90% remains biomass which full of fiber and cellulose (Thiam

& Bhatia, 2008).

To overcome the issues of OPW, a lot of researches have been carried out
from all over the globe. Among all the research, the intensive research is the
utilization of the oil palm trunk (OPT). This is because the shortage of solid
wood raw material has forced wood-based industries to find an alternative
substitution for wood raw material. Furthermore, OPT is low cost, low density,
safe to be handled, renewable, economically feasible and biodegradable as

compared with the ordinary lumber in the market (Dungani et al., 2013).



However, most of the wood manufacturers are still refuse to use OPT as raw
material because it has several inherent flaws as compared to the ordinary
lumber. The OPT has inconsistent weight, high moisture content (MC), high
variation of density, and high percentages of parenchyma tissues.

These properties might cause several wood drying defects such as twisting,
warping and at the same time will increase the cost of processing and

manufacturing time.

The drying defects can be minimized by using the proper drying methods and
drying conditions. Recently, there are several new improved drying
technologies had been offered to produce high recovery and improved quality
oil palm lumber (OPL) and also to create suitable drying schedules for OPL.
“Super-fast drying” method is one of the advanced technology that been
developed by Bakar et al. (2016). This method only requires three hours of
drying process to dry 3mm OPL with minimal defects. It involved two-step
drying, which included hot plates contact drying to certain MC and high-
temperature kiln drying to a targeted MC. This method is capable to dry both
high-density and low-density OPL. There are holes in the OPL samples to
ease and speed up the drying process. However, the holes on the OPL will
limit its application and therefore difficult to penetrate the market. Thus, this
study was to develop and asses the properties of laminated OPL from blind-
holed super-fast dried OPL. Blind-holed super-fast dried OPL samples, which
have one surface with holes and another surface without holes (clear

surface).



Then, 2 pieces blind holed OPL are laminated with holed surface are facing
to each and other. Physical and mechanical properties of the laminated
blind-hole OPL were determined in this study. A better understanding and
improvement of this study will help to develop economic uses for OPL and
reduce the need for disposal and environmental deterioration such as

pollution, forest fire, and others.

1.2  Problem Statement and Justification

Malaysia is the largest producer of palm oil in the world and through this
activity, it produces huge amount of unutilized Oil palm trunk (OPT).
Decreasing of raw material from forest production land, non-wood such as oil
palm has become the important alternative raw material. So in this research,
OPT is used as an alternative material for wood composite product. Other
than that, wastage of natural resources also can be prevented. After that, the
super-fast drying method that has been introduced by Bakar et al. in 2016
can improve the efficiency of drying, and minimize the drying defects.
However, this super-fast dried lumber has its limitation which is the poor
appearance of the holing surface which is not pleasant to be a final product.
Therefore, the surface of the superfast dried lumber should be embellished
for commercialization. Laminated board is one of the solutions to solve the
poor appearance of holing surface, where two pieces of super-fast oil palm
lumber (OPL) is bind together with thermoplastic with the holed surfaces are

facing to each and other to form two layers of laminates.



1.3 Objectives
1.3.1 General Objective
To produce high performance Laminated Super-fast dried OPL for wood

alternative.

1.3.2 Specific Objectives

1. To evaluate effect of holing alignment on the physical and mechanical
properties of laminated super-fast dried OPL from different part of OPT.

2. To evaluate the effect of glue type on the physical and mechanical

properties of laminated super-fast dried OPL from different part of OPT.
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