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ABSTRACT 

 
 

This research conducted to develop and study an eco friendly board that been made 

from a combination of oil palm empty fruit bunch (OPEFB) with artocarpus 

odorattisimus (mahang) mechanical behaviour especially in terms of its tensile and 

flexural properties. The intention of developing the eco board is to find alternative 

replacement materials for woods usage in modern industry as the worldwide 

community became concerned of major deforestation that led into global warming. 

The fabrication process are done by using hand lay method where the mixture of 

shredded OPEFB strands and artocarpus odorattisimus chip (with 4 different mixture 

ratio) being blended together with urea formaldehyde (UF) as binder/resin and hot 

pressed in a 200 ˚C mould under 300KN load to form a 150mm x 150mm x 5mm eco 

board. The tensile testing procedure are done to the specimen in accordance to ASTM 

D3039/3039m-17 test standard and a fractography of the materials are taken by 

using scanning electron microscope (SEM) under various level magnification to 

further understand root causes of materials failure. A flexural test was conducted by 

using “3 point bend” test method in order to acquire the flexural strength for each 

specimen in accordance to ASTM D1037-99 standard. From the experiment and 

analysis, the mixture of oil palm empty fruit bunch and artocarpus oddorattisimus 

in which posses best tensile properties was found and the failure pattern of the board 

are discussed. The addition of artocarpus oddorattisimus (ARTO) seen giving 

improvement on the tensile properties of the eco board (specimen D with 9.15 

N/mm2), while flexural strength and also Young modulus does improve on certain 

amount of artocarpus oddorattisimus (ARTO) content within the mixture (33.3% of 

ARTO dry weight ratio). 
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ABSTRAK 

 
PRESTASI MEKANIKAL PAPAN MESRA ALAM DARI TANDAN KELAPA 

SAWIT DAN MAHANG (ARTOCARPUS ODDORATTISIMUS) 

Kajian ini dijalankan untuk membangunkan dan mengkaji ciri/sifat mekanikal 

berkaitan papan mesra alam (eco board ) yang diperbuat daripada gabungan serat 

buah kelapa sawit (OPEFB) bersama dengan artocarpus oddorattisimus (mahang) 

terutamanya ciri-ciri tegangan dan lenturan yang terdapat pada spesimen yang 

dibangunkan. Tujuan pembangunan eco board adalah untuk mencari pengganti 

alternatif yang sesuai untuk menggantikan penggunaan kayu balak dalam industri 

moden yang mana telah menjadi kegusaran komuniti sedunia disebabkan 

pembalakan secara meluas yang membawa kepada pemanasan global dan banyak 

lagi. Proses pembuatan dijalankan dengan menggunakan kaedah manual secara 

tangan dimana campuran serat kelapa sawit yang telah dicarik dan juga serpihan 

artocarpus oddorattisimus (dengan 4 jenis nisbah campuran) digaulkan sekata 

bersama urea formaldehyde (UF) sebagai material pengikat dan seterusnya 

dimampatkan menggunakan kaedah mampatan panas pada suhu 200˚C dan juga 

pada daya tekanan 300KN untuk menghasilkan papan eco board bersaiz 150mm x 

150mm x 5mm. Proses ujian tegangan dijalankan ke atas specimen adalah 

berdasarkan standard ASTM D3039/3039m-17 dan ujian fraktografi turut dijalankan 

ke atas specimen menggunakan scanning electron microscope (SEM) dibawah 

pelbagai kuasa pembesaran untuk lebih mengetahui punca-punca kegagalan 

spesimen setelah ujian tegangan. Seterusnya ujian kelenturan diadakan 

menggunakan kaedah “3 point bend” bagi mendapatkan nilai kekuatan lentur pada 

setiap jenis specimen dengan merujuk kepada standard ASTM D1037-99. Daripada 

eksperimen dan juga analisis yang dijalankan, nisbah campuran antara serat kelapa 

sawit dan juga artocarpus oddorattisimus yang memberikan ciri-ciri mekanikal yang 

terbaik ditemui dan corak kegagalan pada spesimen juga dibincangkan. Dengan 

penambahan serat artocarpus oddorattisimus (ARTO) ke dalam eco board yang 

difabrikasi, daya tegangan menunjukkan hasil yang positif (spesimen D dengan 9.15 

N/mm2), manakala nilai kekuatan lentur dan juga modulus Young dilihat meningkat 

pada sesetengah nisbah campuran artocarpus oddorattisimus (ARTO) dalam 

campuran bahan eco board (33.3% berat kering ARTO). 
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CHAPTER 1 

 
 

 
INTRODUCTION 

 

 

 
 

 

1.1 INTRODUCTION 

 

 
Since the ancient time, forest and woods has been contributing important role in 

human being daily life. Started from providing human with resources of fire as fuel, 

house hold equipment, structures and building material, transportation, foods, 

furniture and much more where woods used as the main materials. Aside from being 

used as raw material for goods and structures, forest also plays one important and 

crucial role in order to maintain stability of the world that is to produce oxygen and 

consume carbon dioxide. On the same time, forest also playing a role to prevent land 

slide by holding earth and soil structure through its roots. Living being such as human 

and animals consume oxygen daily by breathing and at the same time produce 

carbon dioxide, forest functioning to consume the carbon dioxide that produced by 

living being and the same time produce oxygen. This cycle run in repetition in order 

to keep the world and earth stable. 

 
As the global world transformed into more modernized where industrialization 

been introduced widely, mass production of materials and goods has taken its place 

on most of developing and urban countries. This situation has led to mass 

deforestation where the demand of woods supplies increased as a raw material for 

building houses, structures, furniture and much more. It can’t be denied that 

industrialization and modernization of the world has taken its toll to the global forest. 

 
The worldwide woods industry nowadays has facing a lot of transformation, 

started from just producing basic furniture during the ancient time; currently the 
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woods industry has varied its production as to meets consumers demand. This 

situation led to major deforestation globally as to meets the manufacturer’s 

requirement and demand for woods as their raw materials. Based on the United 

Nation Foods and Agriculture Organization (FAO), the global forest reserve worldwide 

in 1990 is 4128 million ha while in 2015 worldwide forest reserve has decreased to 

3999 million ha in which shows a change in percentages from 31.6% to 30.6% 

through stated time period. (MPOB, 2018) 

 
The drastic decreased pattern of global forest area has come into worldwide 

community attention, in which deforestation has causes a lot of global problems such 

as global warming that may led into many side effect problems to living being, land 

slide, major floods and many more. So it has come into global community concern, 

that is to decrease the dependency of the manufacturers on woods as a raw material 

in which their wanted to invent an alternative materials in order to replace the usage 

of woods. Although through the years, there are many suggestions on a new raw 

materials such as the usage of plastics and composites, there are another problems 

arose where the degradability of the materials come into attention. This is due to the 

fact that plastics possess a characteristics of anti- degradable in which may pollute 

the soil and earth. 

 
This research is intended to invent a new eco-friendly material as a 

replacement to the woods for furniture, automotive or constructions industry. The 

new materials is introduced and verified for its reliability especially on mechanical 

characteristics such as tensile and flexural strength aside from its main purpose of 

invention that is nature friendly. The introduction of these materials comes with the 

hope that it will able to delay deforestation and reducing the global warming so that 

the world become safe for all living being. 

 
1.2 BACKGROUND OF STUDY 

 
 

Furniture and woods industry in Malaysia especially in Sabah contributes a portion of 

percentage (23%) to the country economic growth (MTIB, 2019). But as the industry 

utilize woods as its raw materials, major deforestation has happened especially in 

Sabah where based on the research conducted by Malaysia Ministry of 



3  

Science and Technology (MOSTI) there is about 120 furniture plant at Sabah region 

alone (MOSTI,2016). The drastic logging activities and deforestation has come into 

both the government and manufacturer consideration where both parties started to 

find new alternatives to replace the usage of woods as raw materials in furniture 

industry. 

 
Another big potential business in Malaysia and especially in Sabah is oil palm 

industry. Based on presentation by director general of Malaysia Palm Oil Berhad 

(MPOB) on Palm Oil Economic review and Seminar 2017, Malaysia contributes 30% 

of oil palm production in which is the second largest producer of palm oil in the world 

after Indonesia. Apart from each states in Malaysia, Sabah contributes to the largest 

planted palm oil area in which covered 1,551,714 ha or about 27% from Malaysia’s 

planted oil palm area (MPOB, 2017). 

 
The oil palm industry where its main intention is to produce oil consists of 

several procedures and process to convert the raw palm oil fruit into crude oil. Along 

the process of transforming oil palm fruit to gain the palm oil, there are wastes, the 

waste are usually dumped or ignored on a dump site so it can be decayed as time 

goes by or used as bio energy to run the mills. Among oil palm waste such as fruit 

bunch, fiber and shells. 

 
Oil Palm Empty Fruit Bunch or known as OPEFB, a palm oil waste. This 

material has a potential to be used as a replacement for woods as a raw materials 

but need to undergo several processes on the first hand. As this material (OPEFB) 

easily to be obtained throughout Malaysia especially in Sabah, the possibility of oil 

palm empty fruit bunch (OPEFB) replacing woods as a raw material in furniture 

manufacturing process or even other industries such as automotive became brighter. 

 
This research intention is to invent an eco-friendly materials (board) from Oil 

Palm Empty Fruit Bunch (OPEFB) and investigate its mechanical properties such as 

tensile and determining whether the materials is suitable in replacing conventional 

raw materials of woods in furniture and related industry. 
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1.3 PROBLEM STATEMENT 

 
 

Modern industries such as furniture and construction has been long utilize woods as 

their raw materials in order to manufacture their final products. The high demand 

and living style of a modern society nowadays has led to a major worldwide 

deforestation where furniture industries became one of large consumer of woods. 

The inclination trend of global forest reserve has come into worldwide community 

attention. Drastic deforestation while on the same time low rate of forest planting 

effort cause a lot of harmful side effects to the global world such as greenhouse 

effect, major land slide, global warming and much more. So to overcome the issue, 

where to lower the rate of deforestation globally, an alternative of raw materials are 

needed to replace woods by using locally available materials within the country. As 

for that, Oil Palm Empty Fruit Bunch (OPEFB) which can easily obtained in Malaysia, 

can be used as a raw material replacement to the conventional woods after 

undergoing certain processes (board fabrication). Artocarpus Oddorattisimus 

(Madang), in which also available in Malaysia is used to reinforce the fabricated board 

from Oil Palm Empty Fruit Bunch (OPEFB) in order to improve the board mechanical 

properties. The problems arose from the capability of the new introduced materials 

to cope with the standard of the conventional raw materials in terms of its mechanical 

and other characteristics such as tensile and flexural strength, bio degradability and 

much more. 

 

1.4 OBJECTIVE 

 
 

The main objective of this research is to develop eco board from Oil Palm Empty Fruit 

Bunch (OPEFB) with Artocarpus Oddorattisimus (Madang) as the board 

reinforcement material. In this research, there are several objectives stated and need 

to be investigated to answer the research problems. The objectives of this study are 

as stated as below: 
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(i) To fabricate eco-board from oil palm empty fruit bunch (OPEFB) 

embedded with Artocarpus Oddorattisimus (Madang) as composite for 

specimen preparation. 

(ii) To determine mechanical properties from fabricated eco-board such as 

tensile and flexural properties. 

(iii) To obtain the material morphology of the specimen by using Scanning 

Electron Microscope (SEM) 

 
 

1.5 SIGNIFICANCE OF RESEARCH 

 

Eco-board from oil palm empty fruit bunch (OPEFB) act as an alternative raw 

materials to replace the usage of woods in manufacturing furniture and other 

appliances. By introducing the eco-board, the furniture industry may convert from 

woods based product into eco-board based product in which will solve the worldwide 

problems of major deforestation that may led into many bad side effects such as 

global warming (greenhouse effects), landslide tragedy, major floods and much 

more. Another benefits that can be obtained from this study is the availability of the 

continuous raw material (oil palm empty fruit bunch) to the 

woods/furniture/automotive industry especially in Malaysia as oil palm industry is one 

of major business in this country thus it is easy to gain oil palm waste from any states 

in Malaysia in which solving the shortage of raw materials supply to the manufacturer. 

In terms of cost effectiveness, it is predicted that eco-board are much more cheaper 

to be processed compared to woods as its only need short range transportation from 

the palm oil estates to the factory while woods needs us to go deep in the forest to 

gain a matured tree to cultivate, long range transportation from the forest and river 

to the factory and processing the woods into desired shape before it can be finalized 

into end products. 

 
 

1.6 SCOPE OF STUDY 

 
 

In order to ensure that this research keeping on its track and not misguided from its 

original intention, certain research scope are listed down as guidance. Among the 

scope of study in this research are: 
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(i) Materials of Oil Palm Empty Fruit Bunch (OPEFB) used in this 

research came from palm oil fruit bunch gathered at Sabah, 

Malaysia. 

(ii) Sizing of eco-board prototype specimen in this research is 

prepared according to American Society for Testing and Materials 

(ASTM) standard – ASTM D3039 & ASTM D1037-99. 

(iii) The material characteristics and behaviour will be tested using 

mechanical tests to ensure the accuracy of mechanical properties 

obtained in accordance to ASTM D3039 & ASTM D1037-99. 

(iv) The morphological study will be conducting by using Scanning 

Electron Microscope (SEM). 

 
 

1.7 RESEARCH METHODOLOGY 

 

Research procedure underlines main and complete steps plus necessary approach 

taken in executing the studies in order to gain research objectives. In this study, 

research procedure can be categorized into 6 different steps, in any way correlated 

to the research milestones. Among the research procedure of this study are listed as 

below: 

 
 

(a) Fabrication of research specimen 

 

This step comprise of procedure and process of fabricating sample of 

specimen that will be used for testing. Based on journals, books and 

publication on other almost similar research, a prototype of oil palm 

empty fruit bunch (OPEFB) board will be fabricated according to American 

Society for Testing and Materials (ASTM) standard and the selection of 

resin/binder such as urea formaldehyde (UF) and phenol formaldehyde 

(PF). 
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(b) Experimental Mechanical Testing using Universal Mechanical 

Test Machine 

 
In this section, a series of mechanical testing procedure will be conducted 

on the fabricated specimen in order to obtain the specimen mechanical 

properties that are tensile strength and flexural strength and the results 

will be compared to the pure Oil Palm Empty Fruit Bunch (OPEFB) board 

mechanical properties. 

 

 
(c) Specimen analysis using Scanning Electron Microscope (SEM) 

 

 
A selection on selected specific specimen of eco-board design will be 

analyzed using Scanning Electron Microscope (SEM). There were several 

types of analysis would be used as structural analysis, properties analysis, 

tensile strength analysis and harnesses test. The pattern of structure of 

the eco-board will be analyzed in which it will help to understand the 

reason of related properties of the specimen. 

 
(d) Thesis writing 

 

In this section, comprehensive literature overview, methodology taken, 

data and results obtained, analysis, discussion, final conclusion and 

recommendation are combined for review. 


