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Recently, a high attention about concerning global warming and depletion of 

petrochemical based material reserves have become interest to many researchers to focus 

on the use of natural fibers as an alternative material for various industrial components. 

The abundant of biomass from natural fiber residue has attracted researchers to develop 

biodegradable, recyclable and eco-friendly composite to solve current environmental 

issue. The idea of this research is hybridizing oil palm empty fruit bunch (OPEFB) fiber 

and sugarcane bagasse (SCB) fiber with biophenolic resin as matrix to produce 

lightweight thermal insulation board for building applications. In preliminary study, the 

mechanical and physical properties of OPEFB and SCB single fiber were examined 

including the chemical composition analysis. Then, the effects of 2% silane, 4% 

hydrogen peroxide and combination 4% H2O2 and 2% silane (H2O2-silane) treatment on 

the mechanical, morphological, and structural properties of OPEFB and SCB fiber were 

studied with the aim to improve their compatibility with biophenolic resin. The influence 

of modified fibers content in composite was examined and the findings show the overall 

properties with 2% silane treatment were compatible with biophenolic matrix. 

Mechanical, structural, physical, thermal and acoustic properties of untreated and treated 

OPEFB:SCB fiber hybrid composite were investigated by maintaining the total fiber 

loading 50 wt% with different ratio of fiber applied which is 70:30 (7OPEFB:3SCB), 

50:50 (5OPEFB5:5SCB) and 30:70 (3OPEFB:3SCB). For untreated composite analysis, 

7OPEFB:3SCB hybrid composite display highest tensile strength and modulus, 5.56 

MPa and 661.MPa respectively, 3OPEFB:7SCB hybrid composite show lower water 

absorption and thickness swelling, 5OPEFB:5SCB hybrid composite displayed better 

thermal stability with residue 45.04% and low thermal conductivity, 0.0863 W/mK, and 

in acoustic view untreated pure SCB composite has capability to conduct high frequency 

range, 3200Hz. The characterization of treatment composite show hybrid composite with 

2% silane treatment and ratio 70:30 shows the highest improvement on tensile strength 

(11.67 MPa) and modulus (935.12 MPa). Hybridization both fiber with silane treatment 
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(ST), ST 5OPEFB:5SCB show highest flexural strength (16.82MPa) and compression 

strength (6.527 MPa) in comparison with 4% v/v hydrogen peroxide treated composite. 

TGA result shows hydrogen peroxide treatment (HT), HT 5OPEFB:5SCB was effective 

in thermal stability with 58% of residue at 500°C while silane treated, ST 

5OPEFB:5SCB perform well in thermal conductivity analysis with 0.0542 W/mk. Sound 

absorption coefficient (α) was carried out according to ISO 10534-2:2001, and perform 

silane treatment; ST 5OPEFB:5SCB better to conduct up to 4250Hz with no air gap 

distance. The sound absorption coefficient were shifted to the left when the air gap 

applied. Morphological properties of the samples were carried using scanning electron 

microscopy (SEM) to observed fracture behavior and fiber pull out of the tensile fracture 

samples. Density, void content, water absorption and thickness swelling of the composite 

were also determine in this study. Based on the preliminary study, hybrid composite of 

silane treated fiber with ratio 50:50; ST 5OPEFB:5SCB presents excellent in overall 

properties among the others hybrid composite. In overall, the improvement of oil palm 

empty fruit bunch and sugarcane bagasse fiber behavior in natural fiber reinforced 

composite has great concern in advanced material building development. The 

characterization of biophenolic hybrid composite of ST 5OPEFB:5SCB has potentially 

effective as wall thermal insulation in building sector and future prospective usage. 
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Sejak kebelakangan ini, isu pemanasan global dan penipisan sumber asli petrokimia 

menjadi tarikan dan keprihtainan dalam bidang-bidang penyelidikan. Hal ini telah 

memfokuskan perhatian penyelidik dalam penggunaan gentian semula jadi sebagai 

bahan alternative dalam kepelbagaian komponen bahan industri. Sumber biomas yang 

banyak dari sisa gentian semula jadi telah menarik minat penyelidik untuk 

membangunkan kajian terhadap komposit yang bersifat biodegradasi, boleh kitar semula 

dan mesra alam dan ianya bagi menyelesaikan masalah semasa terhadap alam sekitar. 

Oleh itu, idea penyelidikan ini adalah tentang hibridisasi gentian tandan kelapa sawit 

(OPEFB) dan gentian tebu (SCB) yang diperkukuh dengan resin biophenolik, ianya 

bertujuan untuk menghasilkan papan penebat haba ringan yang boleh di aplikasikan 

kegunaannya di dinding bangunan. Sifat mekanikal, fizikal dan analisa komposisi kimia 

gentian kosong tandan kelapa sawit (OPEFB) dan gentian tebu (SCB) telah di jalankan 

pada peringkat awal kajian. Kesan rawatan 2%v/v silane, 4%v/v hidrogen peroksida 

serta kombinasi 4% v/v H2O2 dan silane 2% v/v (H2O2-silane) terhadap sifat mekanikal, 

morfologi, dan struktur gentian kosong tandan kelapa sawit dan gentian tebu telah dikaji 

bagi tujuan meningkatkan keserasian terhadap resin biophenolik. Hasil kajian 

menunjukkan rawatan 2%v/v silane telah mempengaruhi dan mengubah komposisi 

gentian di dalam komposit yang diperkukuhkan dengan resin biophenolik. Selain itu, 

ciri-ciri mekanikal, struktur, fizikal, haba dan akustik hibrid komposit gentian tandan 

kelapa sawit kosong (OPEFB) dan gentian tebu (SCB) sebelum dan selepas rawatan 

telah di analisa dengan mengekalkan nisbah berat biophenolik sebanyak 50 wt%. Nisbah 

setiap gentian pada hybrid komposit yang dihasilkan adalah berbeza iaitu 70:30 

(7OPEFB: 3SCB), 50: 50 (5OPEFB5: 5SCB) dan 30:70 (3OPEFB: 3SCB). Bagi analisis 

komposit yang tidak dirawat, sampel komposit hybrid 7OPEFB:3SCB menunjukkan 

kekuatan tegangan dan modulus tertinggi pada 5.56 MPa dan 661. MPa, manakala 

sampel komposit hibrid 3OPEFB:7SCB menunjukkan penyerapan air dan 

pembengkakan ketebalan yang lebih rendah. Komposit hybrid dengan nisbah 5OPEFB: 

5SCB menunjukkan kestabilan haba yang lebih baik dengan sisa haba 45.04% dan haba 
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konductiviti yang rendah, 0,0863 W/m.K. Selain itu keputusan akustik komposit gentian 

tebu (SCB) tulen yang tidak dirawat mempunyai keupayaan untuk penyeraban bunyi 

pada julat frekuensi tinggi iaitu pada 3200Hz. Hibrid komposit dengan nisbah 70:30 

yang telah dirawat dengan 2%v/v silane menunjukkan berlaku peningkatan tertinggi 

pada kekuatan tegangan (11.67 MPa) dan modulus (935.12 MPa). Manakala, hibridisasi 

kedua-dua gentian dengan rawatan silane (ST), ST 5OPEFB: 5SCB menunjukkan 

kekuatan lenturan lebih tinggi sebanyak 16.82MPa dan kekuatan mampatan 6.527 MPa 

berbanding dengan komposit yang dirawat hidrogen peroksida 4% v/v. Keputusan ujian 

analisa  thermografik (TGA) menunjukkan rawatan hidrogen peroksida (HT), HT 

5OPEFB: 5SCB berkesan dalam kestabilan terma dengan 58% sisa haba pada suhu 

500°C sementara sampel hybrid komposit dengan rawatan silane, ST 5OPEFB: 5SCB 

menunjukkan prestasi yang baik dalam analisis konduktiviti haba dengan 0.0542 

W/m.K. Selain itu, analisa koefisien penyerapan bunyi (α) tanpa ruang udara dan dengan 

ruang udara juga telah dijalankan berdasarkan ketetapan ISO 10534-2: 2001. Hibrid 

komposit ST 5OPEFB: 5SCB menunjukkan keputusan lebih baik pada frekuensi 4250Hz 

tanpa ruang udara. Manakala hasil analisa menunjukkan, koefisien penyerapan bunyi (α) 

akan beralih ke sebelah kiri iaitu ke kawasan frekuensi lebih rendah apabila perbezaan 

ruang udara (10mm, 20mm. 30mm) di kenakan. Sifat morfologi sampel dilakukan 

dengan menggunakan alat imbasan mikroskopi elektron (SEM) untuk mengkaji ujian 

kerapuhan dan menarik gentian sampel tegangan. Ciri-ciri ketumpatan, kandungan 

lompang, penyerapan air serta pembengkakan ketebalan komposit juga ditentukan dalam 

kajian ini.  Berdasarkan kajian ini, komposit hibrid gentian yang dirawat dengan silane 

bernisbah 50:50; ST 5OPEFB: 5SCB telah menunjukkan sifat keseluruhan yang sangat 

baik di antara kesemua komposit hibrid yang lain. Secara keseluruhannya, peningkatan 

sifat gentian kosong tandan kelapa sawit dan gentian tebu semula jadi yang diperkukuh 

dengan resin biophenolik dilihat menjadi faktor penting dalam pembangunan teknologi 

bahan indutri pembinaan. Pencirian komposit hibrid dengan rawatan silane ,ST 

5OPEFB: 5SCB diperkukuh dengan biophenolik dilihat berpotensi berkesan sebagai 

penebat haba dinding di sektor bangunan dan juga di masa hadapan. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background of Study 

In modern building industry, thermal insulation it’s seem very important in many aspects 

of life nowadays. Due to environmental considerations, modern buildings developed in 

Malaysia during the last few decades have lacked the necessary material for wall 

construction and enable to provides comfort condition to occupants (Nasir and Hassan, 

2020; Rilling et al., 2006).  Most of houses and building use air conditioners to cool the 

space in the house due to hot air at outside penetrate into the house. Indeed, previous 

study found around 15% to 25% heat gain to the wall area for an uninsulated home which 

are the house envelope is affected by three heat transfer methods known as conduction, 

convection and radiation (Dlimi et al., 2019; Keçebaş et al., 2011; Simona et al., 2017). 

The heats are produced by occupants and appliances of the house. Since the occupants 

used the appliances all day long, energy consumption and cost for electricity would rise 

simultaneously.  

Therefore, according to (Aditya et al., 2017) a proper thermal insulation material 

technology would help in decreasing the rate of outside heat from transfers into the house 

in order to provide thermal comfort for building interior. An addition, insulation 

materials would help absorb the heat produce by occupants and appliances. Thus, this 

will cut cost on energy billing and also give comfort to the occupants (Kaynakli, 2012). 

Presently, the traditional insulation materials such as glass fiber, stone wool, expanded 

polystyrene, and polyurethane foam are commercially dominant in current market. These 

materials are efficient in maintaining thermal comfort to a building’s interior, but most 

of it made with non-renewable resources and have a high embodied energy. Thus, from 

an environmental prospective lignocellulosic materials are highly promising 

reinforcement materials due to its origin, sustainability, biodegradability and waste 

management of industrial by-products (Dlimi et al., 2019; Laka et al., 2003;  Liu et al., 

2014). 

In recent decades, most of researcher are widely utilized on development of natural fibers 

and agro-waste as composite such as sugar palm fiber (Shahroze et al., 2020), oil palm 

empty fruit bunch (Jawaid et al., 2013), pineapple leaf fiber (Asim et al., 2018a),  rice 

husk, jute, coir fiber (Siakeng et al.,  2018), sugarcane bagasse (Devadiga et al., 2020), 

flax and hemp reinforced with polymer as an insulation material. By having these 

agricultural crop residues for material development and fabrication, it’s offers various 

beneficial in term of easy to handle, safe disposal at the end of service life, lightweight 

product, high mechanical strength, better thermal stability and  acoustic properties, 

creation of pleasing environment and possible value addition to the agricultural products 

(Asim et al., 2019; Verma, Gope, Singh, & Jain, 2015). 

https://www.sciencedirect.com/topics/materials-science/byproduct
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On the basis of selection polymer matrix, it’s depends on the requirements for specific 

applications in order to obtain the maximum performances. Previous studied found 

biopolymer like novalac phenol formaldehyde, polylactic acid, soy-oil based epoxy, 

starch, and polyester amide have a potential matrix for eco-friendly composite  (Asim et 

al., 2018b; Mathew et al., 2005). Biophenolic resin worked as a thermal link between 

adjacent carbon fibers and enhanced thermal conductivity (Kim et al., 2007). 

Biophenolic resin have a good characteristic in high mechanical bonding strength, better 

flexural and compressive strength, good in thermal and high flammability to the wood 

and fiber product (Asim et al., 2018b; Rashid et al., 2016). Presently, the biophenolic 

resins market is mainly driven by its demand from coatings, insulation, and lamination 

products, as well as adhesives and binder applications. It is thermosetting resins and 

categorize as a polymer of a comparatively low weight that easy to melt and mouldable. 

An addition, biophenolic resin are highly characterized a good chemical resistance, low 

toxicity, good heat resistance and dimensional stability for natural fiber fabricating 

purpose (Mahendran et al., 2013). Silane-treated cellulose fiber reinforced biophenolic 

composite increased its fiber-matrix bonding and tensile properties (Rojo et al., 2015). 

The development of hybrid composite from renewable source as filler reinforcing 

materials in polymer has become interest of researcher in innovating the usage of 

materials with regards to sustainability. Hybrid composite insulation technology is an 

eco-friendly thermal insulation material made from combination two different agro 

waste reinforced with polymer matrix. Beneficially, it offers low in density, high 

mechanical properties, good thermal stability properties and has a low cost production. 

However, due to lack of expertise in its application and properties, this hybrid bio-

composite insulation is not commercial and not widely used in comparison to more 

traditional insulation material. 

In this research describes the potential of using natural fiber as an alternative of eco-

friendly thermal insulation through hybridization of oil palm empty fruit bunch (OPEFB) 

and sugarcane bagasse (SCB) fiber. This research work focuses the characterization and 

development of untreated and treated OPEFB and SCB fiber. Then, the effect of 

hybridizing OPEFB and SCB fiber on mechanical, physical, morphological, thermal and 

acoustic behaviour for potential wall thermal insulation hybrid composite building 

applications has been evaluated. 

1.2 Problem statements 

Appealing synthetic materials such as glass fiber are not really pleasant when it comes 

to the matter of environment.  Ali (2011) explained that natural fibers in composite can 

be applied in civil engineering for construction application such plastering, use as 

roofing material, slabs, boards, wall panelling systems, house construction and slope 

stabilization. Other than that, nowadays agriculture residue seen have large potential as 

a thermal protection and green material for thermal comfort in building sector in order 

to eliminated heat penetrate from outside to inside building (Almusaed and Almssad, 
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2016). The ‘sustainability’ concept nowadays introduced into the building design 

process encouraged researchers to develop thermal and acoustic thermal insulating 

materials as a result of using natural or recycled materials (Asdrubali et al., 2015).                        

Generally know Malaysia is the second largest producer of palm oil after Indonesia in 

Asia (May, 2012). According to previous research in 2014, the waste by-product from 

palm oil extraction process enormously could achieve 70–80 million tons per annum 

(Roslan et al., 2014).Which is in the palm oil mill, palm oil consists only 10% of the 

total biomass, while the rest 90% biomass are discarded as wastes (Awalludin et al., 

2015). Year by year the yield of palm oil plantation in Malaysia kept increase and these 

residue problem tends to burden the environmental management with disposal 

difficulties challenges and escalates the operating cost. Generally, oil palm empty fruit 

bunch fibre is one of the biomass that is presently used as a fuel in the oil palm mills 

itself for generation of energy (Ooi, 2012). Other than that to convert the oil palm empty 

fruit bunch fibres into fertilizers for farms by burning them into ash. Thus, this raise the 

issue of environmental pollution generated due to uncontrolled burning of oil palm 

empty fruit bunch fibres in plantation area (Hassan et al., 2010) 

The waste issue problem not only focus to palm oil plant but it is also happen with 

sugarcane industry. Sugarcane known as Succharum officinarum are easily found in Asia 

country and Malaysia have around 34500 acres total area of sugarcane plantation 

(Sapuan, 2014). Sugarcane industry generates large amounts of sugarcane bagasse 

especially in Perlis and Kedah. In the sugar industry, after the sugarcane is pressed to 

remove sucrose, the residue is called as sugarcane bagasse which contains highly fibrous 

residue. After the  process of sucrose removal, the bags is generated and its accumulation 

presents as a waste problem for the sugar industry (Kadir and Maasom, 2013). From this 

environmental issue and increasing concern of disposal of agricultural residual creates 

me interest to explore the potential application of this biomass. Currently, the bagasse is 

used as a fuel for generate the steam (Sapuan, 2014). 

Most of common existing building insulation material in market is normally produced 

from petrochemicals and synthetic compounds that have been processed with excessive 

energy usage. For example, polystyrene or known as styrofoam. Previous engineering 

found that polystyrene is transparent thermoplastic that available in several version; 

molded expanded polystyrene (MEPS), expanded polystyrene (EPS) and extruded 

polystyrene (XPS) type . Basically, most polystyrene foam insulation are low in cost but 

not environmental friendly. This type of polystyrene are loose fill in small beads are easy 

to flammable and need to be coated with fireproof chemical (Bipat, 2021). Others 

common insulation material in market are polyurethane foam, which is available in 

closed and open cell foams. This polyurethane insulation material are currently not 

achieved the optimum thermal conductivity performance including high density, pricey 

and non-environmental and human friendly which are commonly may cause allergic 

reactions in some people.  An addition, it require the cells filled with a gas to expands 

the foam (Bipat, 2021 ).  
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Thus, the idea of sustainability was introduced into the building design process, which 

encouraged research into developing hybrid composite thermal insulating materials 

made from natural fiber agro-residue with optimum and low thermal conductivity 

performance. Oil palm empty fruit bunch and sugarcane bagasse fiber agriculture wastes 

are chosen in order to substitute the commercial thermal insulater from petrochemical 

(mainly polystyrene) source that possibly provide negative impact of thermal insulating 

and products on human health. Nonetheless, it is an ideal raw material in manufacturing 

new products for construction material because of its low fabricating costs and high 

quality green end material. Besides, today the lignocellulosic residue were widely used 

in the reinforcements in composite material with application in building industry 

(Nechita and Ionescu, 2018). Furthermore, it is ideal due to the fact that it is easily 

obtainable given the extensive of oil palm sector and sugar cane cultivation making its 

supply constant and stable in Malaysia (Cao et al., 2006b).  

The selection of these two fibers as a components in making fiber thermal insulation 

board are based on possible to state that from the literature review the agriculture fiber 

which are natural fibre has good potential as reinforcement in thermoplastic and 

thermoset polymer composite mainly due to low density and high specific properties of 

fibers (Sapuan, 2014). Most of the time, natural fibres have their own unique 

characterization, composition and structures that are suitable to be used as 

reinforcements or fillers in polymer composite (Sapuan, 2014). 

Scientifically studied by Danso (2017) oil palm fibers are porous, short in length and 

have varying diameter which affect the mechanical properties (Lee and Mariatti, 2008). 

An addition, oil palm fibers have low cellulose content as compare to coconut and 

bagasse fibers, which makes it easy to extraction process  (Danso, 2017). From the 

previous analysis done, sugarcane bagasse fiber recorded the highest average length; 

110mm and diameter 0.78mm while oil palm fiber had the least based on the 100 sample 

of fibers tested (Danso, 2017). Sugarcane fiber is used due to its properties as a natural 

filler reinforcement that has played an important role in enhancing the composite 

performance (Jeefferie et al., 2011). Panyakew and Fotios (2011) reported  the thermal 

conductivity values of bagasse range from 0.046 to 0.068 W/mK depending on the 

density of the material (Jeefferie et al., 2011). 

Flexural test were conducted and showed hybrid composite higher than OPEFB 

composite. The result in sandwich theory were interpreted in the  study (Jawaid et al., 

2010). Reis (2006) reported bagasse fibers are ideal candidates as a reinforcement 

material for construction materials since they have tensile strength between 170-290 

MPa, modulus of elasticity between 15-19 MPa, with a fiber diameter of 0.2-0.4 mm. 

An addition, polymer matrix known as biophenolic resin has a good chemical resistance, 

good in mechanical properties and dimensional stability, thermal stability and 

flammability for natural fiber composite fabricating purpose (Asim et al., 2018b; 

Mahendran et al., 2013) 
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To overcome heat/hot air come in buildings and agriculture fiber residue problem, this 

research project focusing on development of thermal insulation material by using 

biomass from natural fiber for wall application. This project studied new hybrid 

composite from treated OPEFB and SCB fiber with biophenolic resin; which are no 

research studies before regarding on these combination these two fibers for produce 

lightweight hybrid composite as wall thermal insulation.  

This study indirectly contribute technology in building material as one natural insulation 

that can minimize the heat transfer between outside and inside of building. These 

materials have purpose to save energy, protect and provide comfort to occupants in the 

building. A high attention is given in this current research to produce lightweight product 

with high performance on mechanical, thermal and and acoustic properties but low 

impact to environment and human health.  

1.3 Research Objective 

The research objectives of this study can be specified into: 

 

i. To evaluate the effect of surface treatment on tensile, physical, structural 

morphological properties of oil palm empty fruit bunch (OPEFB) and 

sugarcane bagasse (SCB) fiber. 

ii. To characterise the mechanical, physical, morphological properties of 

untreated oil palm empty fruit bunch/sugarcane bagasse fiber (OPEFB:SCB) 

reinforced biophenolic hybrid composite. 

iii. To examine the thermal and acoustic properties of untreated oil palm empty 

fruit bunch/sugarcane bagasse (OPEFB:SCB) fiber reinforced biophenolic 

hybrid composite. 

iv. To characterise the mechanical, physical, morphological properties of treated 

of oil palm empty fruit bunch/sugarcane bagasse (OPEFB:SCB) fiber hybrid 

composite. 

v. To evaluate the effect of thermal and acoustic properties of treated oil palm 

empty fruit bunch/sugarcane bagasse (OPEFB:SCB) reinforced biophenolic 

hybrid composite. 

 

 

1.4 Significance of Study 

i. The findings of this study are expected to improve the knowledge in developing 

OPEFB:SCB reinforced biophenolic hybrid composite for wall thermal 

insulation building application.  

ii. This goal have motivated the researchers to develop the green thermal 

insulation from abundant agriculture waste with improvise the properties in  
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current study, which is intended to help in addressing environmental issues 

related to the substitution petroleum based product.  

iii. In term of hybrid composite field, it’s highlights the beneficial of usage the 

natural fiber from agricultural residue could be improved by fiber modification 

such chemical surface treatments.  

iv. In term of waste management issue facing every year from oil palm and 

sugarcane industry, this research provides platform for utilizing waste from 

agriculture residue into hybrid composite, which also transform waste into 

wealth.  

v. This study show the ability of Asia country to develop green and safe insulating 

materials from oil palm empty fruit bunch and sugarcane bagasse fibers that 

would provide opportunities to improve the thermal comfort in the building. 

 

 

1.5 Scope of Study 

The scope of the current research work has been limited to experimental evaluation of 

mechanical, physical, thermal and acoustic properties of pure and treated oil plam empty 

fruit bunch (OPEFB)/sugarcane bagasse (SCB) fiber reinforced phenolic hybrid 

composite for a potential application eco-friendly wall building thermal insulation. The 

materials utilized for this study were limited to OPEFB, SCB and biophenolic resin. In 

this research, fiber surface modification of OPEFB and SCB was performed in various 

different treatments such as silane (2%), hydrogen peroxide (4%) and combination of 

hydrogen peropxide-silane (4-2%) for three hours under room temperature. These 

surface treatments were incorporated in order to improve the interfacial bonding between 

fibers and matrix by minimizing fiber’s hydrophilicity. Pre-treatment of fibers seen 

affected their composition, which directly influences as well as those of composite too. 

Numerous characterizations were carried out on pure and treated fibers and further 

investigated for the development of OPEFB/SCB reinforced biophenolic hybrid 

composite were evaluated. The composite were fabricated through handlay-up method 

by hot press moulding. The physical, mechanical, physical, morphological, thermal and 

acoustic properties of developed untreated and treated composite were examined. Based 

on previous literature survey on hybrid composite based on biophenolic, there is no work 

has been studied on combination of untreated and treated of OPEFB/SCB fiber hybrid 

composite. Oil palm and sugarcane plant are well known in Asia and easily found locally 

in Malaysia. Both abundant fibrous waste are rich with cellulose and the compatibility 

of both fibers to each other increase the properties of hybrid composite. Thus, with the 

combination of a good strength, thermal and acoustic properties of developed hybrid 

composite will extend the area of opportunity for construction industries to fabricate eco-

friendly and safe building material product for wall thermal insulation. 
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1.6 Thesis Outline 

This thesis has been structured into 10 chapters according to alternative thesis format of 

Universiti Putra Malaysia (UPM) based on publications on which each chapter  (Chapter 

2,4,5,6,7 and 8) contains its introduction, materials, results, discussion and conclusions. 

Brief description of each chapter has been addressed in the following section. 

Chapter 1 

This chapter highlighted the background of this research, problem statements, research 

objectives, significance and scope of the study with thesis outline. 

Chapter 2 

This chapter present literature review of natural fiber, mechanical, physical, thermal and 

acoustic characterization of OPEFB and SCB fiber reinforced polymeric composite, the 

properties of thermal insulator. This chapter also deals with the review article of natural 

composite, hybrid composite entitle of “Potential of oil palm empty fruit bunch (OPEFB) 

and sugarcane bagasse (SCB) fibers for thermal insulation application – A review”. 

Chapter 3 

This chapter cover the information and the details of material and methodology which 

were being used in this research and their characterization. 

Chapter 4 (Objective 1: Article 1) 

This chapter present with the first objective supported by the first research article entitled 

of “Modification of oil palm empty fruit bunch and sugarcane bagasse biomass as 

potential reinforcement for composite panel and thermal insulation materials”. This 

research work focused on the effect of chemical modification on single fiber of OPEFB 

and SCB. From the analysis, it show treated OPEFB fiber is enough to improve 

compatibility and mechanical properties, while treated SCB fiber was effective in 

thermal stability for fabrication of composite materials. 

Chapter 5 (Objective 2: Article 2) 

This chapter addresses the second objective supported by the second research manuscript 

entitle “Tensile, physical and morphological properties of oil palm empty fruit 

bunch/sugarcane bagasse fiber reinforced biophenolic hybrid composite”. This study 

investigate the effect of untreated OPEFB and SCB fiber on tensile, physical and 

morphological behaviour of hybrid composite. 
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Chapter 6 (Objective 3: Article 3) 

This chapter present the third objective supported by the third research article entitled 

“Evaluation of thermal and acoustic properties of oil palm empty fruit bunch/sugarcane 

bagasse fibers based hybrid composite for wall buildings thermal insulation”. This 

research evaluated the effect of untreated OPEFB and SCB fiber on the thermal and 

acoustic properties of hybrid composite.  

Chapter 7 (Objective 4: Article 4) 

This chapter present the third objective supported by the fourth research article entitled 

“Effect of surface treatment on mechanical, physical and morphological properties of oil 

palm/bagasse fiber reinforced biophenolic hybrid composite for wall thermal insulation 

application” 

Chapter 8 (Objective 5: Article 5) 

This chapter addressed the fifth objective “Thermal and acoustic behavior of wall 

thermal insulation materials made of treatment fiber oil palm empty fruit bunch and 

sugarcane bagasse fiber”. This study investigate the effect of treated OPEFB and SCB 

fiber on the thermal and acoustic properties of hybrid composite. 

Chapter 9  

This chapter presents the overall conclusions from the individual articles, overall study 

and future recommendations. 
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