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Malaysia, like most other developing countries, is facing an increase in the generation 
of waste and accompanying problems with the disposal of this waste. A large number 
of biomass wastes were generated due to increased activity in the agricultural and agro-
industrial sectors, which led to producing environmental hazards and waste 
management issues. On the other situation, the energy consumption to cool the indoor 
building environment is high due to the building being exposed directly to solar 
radiation throughout the daytime, which increases the temperature outside and inside 
the building. Most of the low-medium cost housing schemes were constructed using 
metal roof covering without providing a roof insulation layer which causes a rising in 
indoor temperature and creates uncomfortable surroundings. Moreover, existing 
materials for roof insulation in the market use inorganic synthetic materials that could 
harm human health. The study aims to investigate the potential use of agricultural 
wastes for the production of roof board insulation material that can provide economic 
value added to agricultural waste, reduce the environmental issue and provide eco-
friendly, sustainable building material. In this study, these agricultural wastes are 
combined in different proportions of 50% individual fibres, such as sugarcane bagasse 
with coconut husk, empty fruit bunch with mesocarp fibre, coconut husk with empty 
fruit bunch, and sugarcane bagasse with mesocarp fibre. The sample was fabricated 
using the hot-press machine and went through various physical and mechanical testing, 
which involved thickness of swelling, modulus of rupture, and thermal conductivity. The 
finding showed that the mixed fibre of empty fruit bunch and mesocarp fibre achieved 
all the criteria such as density (427 <500kg/m3); thickness of swelling (19< 20%); 
modulus of rupture (514<800psi), thermal conductivity (0.0856<0.25 W/m.K) met with 
the standard requirement in every laboratory test conducted. The outcome of this 
study suggests that empty fruit bunch and mesocarp fibre are the potential materials 
for the production of roof board thermal insulation. However, modification of physical 
and mechanical properties of waste fibre is required to achieve superior performance 
and is ready to be provided in the market. This study is aligned with the government 
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1. Introduction 
 

The roof is a structural component built at the top of the building structure. The primary function 
of a roof is to enclose the space and to protect buildings from weather elements, e.g., rain, wind, sun, 
heat, and snow. According to Malaysia Standard 2680 [1], the roof is the most exposed building 
component to the outdoor environment, i.e., the proportion of heat gain through the roof is 80% 
through radiation, and the remaining is through conduction and convection. Based on the climate 
condition, the duration of roof exposure to solar radiation is longer compared to walls. High 
transmission of solar creates an uncomfortable environment inside the building. Moreover, the 
absorption of heat by the roof through conduction transfers heat into interior spaces and increases 
the temperature inside buildings, causing significant discomfort.   

Previously, in the Seventh Malaysia Plan (1996-2000), the government introduced low-medium 
cost housing schemes to meet the demand for homeownership, especially for middle and low-
income groups, e.g., Program Bantuan Rumah (PBR) and Program Perumahan Rakyat (PPR) [2]. 
However, to reduce construction costs for that scheme, most houses are built using metal deck 
roofing that can cause the temperature to rise, making it hot and uncomfortable to live in [3-5]. By 
using metal roofing as roof covering, it can absorb heat quickly, especially in hot weather. These may 
give a sense of discomfort to the residents [6,7]; thus, residential buildings tend to use the air 
conditioner [8-10] to achieve a comfortable level, which can cause a high energy consumption [9-11]. 

Research shows that the energy consumed to cool the indoor environment is as high as 70% [12-
14]. However, cooling energy consumption may be reduced by decreasing the amount of heat 
transfer through the building envelope, i.e., the roof [15,16]. The energy demand of buildings can be 
reduced by thermally insulating the buildings. Recently, the demand for energy-efficient buildings 
and better indoor air quality has been increasing in the construction industry. It is reported that if no 
action is taken to improve the energy efficiency of buildings, energy demand is expected to increase 
by 50% by 2050 [17,18]. It is essential to ensure that the indoor spaces have acceptable indoor 
temperatures to meet that demand, which encounter indoor comfort temperature and minimise 
heat gain [19]. Patnaik et al., [20] and Aditya et al., [21] reported that insulation material used in the 
roof structure could help to limit the flow of heat between the exterior and the interior of the 
building. As a result, the temperature became lower and increased the comfort of the occupants 
inside. Studies showed that energy efficiency could be achieved by designing suitable roof insulation 
material, which depends on the local climate [22,23]. 

Thermal insulation is an important factor in minimising the effect of heat absorbed and 
transmitted, especially from the covering materials of the metal roof. When the roof surfaces reach 
a high temperature, the ceiling radiates heat to the room below and increases the physiological heat 
stress [24]. The roof thermal insulation is one of the most effective energy-saving methods that can 
decrease energy consumption [25,26] thus, reducing the annual energy cost of the building [27,28]. 
Besides, roof thermal insulation can minimise the heat absorbed and transmitted by metal roofing 
materials [26,29]. Thermal insulation materials are chosen based on their physical, mechanical, and 
thermal properties. 

Concerning this study, thermal conductivity is the most crucial characteristic of thermal insulation 
since it directly affects the resistance to the transmission of heat that a material offers. The lower the 
thermal conductivity value, the lower the overall heat transfer. This study aims to produce low 
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thermal conductivity of a low-density roof fibreboard insulator with a combination of sugar bagasse 
(SB), coconut husk (CH), empty fruit bunch (EFB), and mesocarp fibre (MF). A better understanding 
will help to develop productive uses for biomass wastes, mitigating environmental problems from 
biomass waste while also developing an alternative material to replace synthetic solutions. 
Therefore, it is crucial to determine the effect of adding these combination fibres in the roof 
fibreboard insulator manufacturing. Due to the current insulation materials in the market, typically 
using synthetic materials that have adverse side effects from the production stage to their useful 
lifetime, it is vital to search for an alternative solution which can satisfy the standard. Additionally, 
the utilisation of these fibres was very satisfying by promoting passive design through the 
improvement of material properties, specifically with the production of low thermal conductivity roof 
fibreboard insulators that can help humankind in the future to reduce energy consumption. 

It is concluded that roofs are the building elements affected by the greatest thermal flows 
between the environment and the building’s interior. To limit the amount of heat that flows through 
roofs, one can either increase the roof’s thermal resistance or reduce the quantity of solar radiation 
that is absorbed by the roof surface. In this research context, to increase the roof’s thermal 
resistance, thermally insulating materials are extremely important to use. However, construction 
practices normally use synthetic materials, which may lead to adverse side effects on the health of 
building occupants. The utilisation of biomass waste as the main source in the production of roof 
insulation boards is a potential solution to reduce the amount of waste generated from the 
production factory, which, if not taken seriously, can lead to environmental problems. The following 
section explains the production scale of agricultural and agro-industrial wastes considered in this 
work.  
 
1.1 Agricultural and Agro-Industrial Wastes 
 

Malaysia, like most other developing countries, is facing an increase in the generation of waste 
and accompanying problems with the disposal of this waste [30]. A large number of biomass wastes 
were generated due to increased activity in the agricultural sector, which contributed 168 million 
tonnes annually, including wood and oil palm waste, rice husks, coconut fibres, municipal waste, and 
sugarcane bagasse [31]. Malaysia is the world’s second-largest palm oil producer after Indonesia, 
producing 19,900 million tons or 26% of the world’s palm oil production in 2020 [32], where the 
waste produced from the oil palm industry may lead to significant environmental concerns. The 
waste from the mill consists of pressed fruit fibres (PFF), empty fruit bunch (EFB), oil palm shell (OPS), 
palm oil mill effluent (POME), oil palm trunks (OPT) and oil palm fronds (OPF). Approximately 89 
million tons of residues are generated from oil palm trees every year [33]. The palm oil processing 
activities yield only 10% palm oil and palm kernel oil, while the remaining 90% remain in the form of 
biomass or waste that is still not used for the industry. The palm oil biomass waste is projected at 85-
110 million tons per year by 2020 [34]. As reported by MPOB in 2016, a total of 86.3 million tonnes 
of fresh fruit bunches were processed by oil palm mills in Malaysia, generating more than 6 million 
tonnes (dried weight) of empty fruit bunches [35]. Abdul Wahab et al., [36] reported that, in the year 
2016, 453 palm oil mills in Malaysia generated approximately 6.95 million tonnes (dry weight) of 
mesocarp fibre (MF). 

Sugarcane bagasse is reported as the primary and massive agro-industrial waste being produced 
by the agricultural industry in Malaysia [37-38]. Sugarcane production on a large scale is concentrated 
in the states of Perlis and Kedah on the northwest tip of peninsular Malaysia. In 2019, approximately 
1.56 million metric tons of refined sugar were produced in Malaysia [39]. About 32% of bagasse is 
produced from every ton of sugarcane [40], and the fibrous waste remains after sugar extraction 
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from sugarcane [37, 41]. Unfortunately, large amounts of these wastes are still unused or unburned, 
causing greenhouse gases in the environment and harming the ecosystem. On the side, Malaysia has 
a total coconut plantation land area of 85,630 hectares and producing approximately 541,972 metric 
tons of coconut in 2020 [42]. With these large quantities, the coconut husk is produced as residue 
from these coconut products.  

All the agricultural and agro-industrial mentioned above produce waste products that can 
produce an environmental hazard and require disposal costs every year. Moreover, many wastes 
produced from oil palm mills were left on the land and burned to be disposed of in the fields, causing 
environmental problems. For coconut, the negative impact of the husk and shell by-products on the 
environment would be alarming if proper disposal and treatment systems were not in place [43]. 
Alwani et al., [44] and Sadh et al., [45] have reported that the utilisation of agricultural and agro-
industrial wastes could contribute to decreasing the considerable measure of raw waste materials 
and would preserve and sustain the environment with little destruction. Moreover, concerning waste 
management issues, it is recommended that eco-friendly solutions should be considered before 
sending the organic waste for disposal.  

The agricultural and agro-industrial residues generated have gained much attention as 
reinforcement of various materials due to their inherited properties (i.e., biodegradability and 
renewability, etc.) and low-cost production [41]. Several agricultural and agro-industrial residues, 
such as rice husks, maise stalks, and sugarcane bagasse, were successfully incorporated to improve 
their mechanical and physical properties. These sources can be used for the development of 
biocomposites, power generation, paper production, construction board fillers, solid wood, 
mulching, and soil conditioning, as well as many other uses [46]. Table 1 summarises agricultural 
waste and its uses.  
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Table 1 
Agricultural waste and its uses 
Agricultural waste Uses Functions References 

Hemp Shivs & Corn Starch Biocomposite boards Reinforcement for composite. [47]  
Oil palm fibres Biocomposites products Reinforcement for composite. [46]  
Oil palm fibres Biocomposites, hybrid 

composites, pulp, and 
paper industries 

Reinforcement for composite. [48]  

Oil palm trunk (OPT) & oil 
palm empty fruit bunches 
 

Hybrid plywood panel 
product 

Reinforcement for composite. [48]  

Empty fruit bunch (EFB) & 
rubberwood 

Hybrid medium density 
fibreboard (MDF) 

Reinforcement for composite. [48]  

Rubberwood, Empty Fruit 
Bunches (EFB) & 
rubberwood-EFB blend 

Particleboard Reinforcement for composite. [49]  

Oil palm trunk (OPT) Particleboard Reinforcement for composite. [50]  
Oil palm biomass Composite panel products Reinforcemeboardnt for composite. [51]  
Empty Fruit Bunches (EFB) 
and rice husk (RH) 

Hybrid composite 
panelboard 

Reinforcement for composite. [52]  

Empty Fruit Bunches (EFB) Particleboards Reinforcement for composite. [53]  
Rice Husk (RH) Particleboards Reinforcement for composite. [54]  
Lemongrass plant Cosmetics, food 

preservation, 
pharmacology, 
agriculture, silica 
production, bigas, paper 
making, biosorption 

Reinforcement for biocomposites [55]  

Sugarcane bagasse Particleboard panel Reinforcement for composite. [56]  
Coconut fibre & sugarcane 
bagasse fibre 

Particleboards Reinforcement for composite. [57]  

Banana trunk waste Particleboards. Reinforcement for composite. [58]  
Empty fruit bunch (EFB) & 
sugarcane bagasse 
fibres 

Thermal insulation 
materials 

Reinforcement for composite. [59]  

Sugarcane bagasse Semi-structural and 
structural, food packaging, 
ballistic resistant 

Reinforcement for composite. [60] 

 
Due to the growing demand for green building materials and the concern over energy 

consumption, agricultural waste fibre-based thermal insulations are gaining popularity in the 
construction industry. Materials for thermal insulation can effectively lower heat conductivity and 
provide a comfortable indoor environment. According to studies by Asdrubali et al., [61] and 
Panyakaew et al., [8], thermal insulation materials applied to walls and roofs can minimise annual 
energy usage. Nowadays, research communities are lo oking at the high lignocellulose content in 
biomass, where various types of biomass fibres can be used in the market as thermal insulation 
materials on roofs and walls. The following section goes into detail about the need for roof insulation 
materials made from biomass fibre waste that appears to have a low environmental impact, are 
biodegradable, low cost, sustainable, and have good thermal-physical properties. 
 
 
 
 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 99, Issue 1 (2022) 66-89 

 

71 
 

1.2 Roof Insulation Materials 
   

The roof surface of a building is exposed directly to solar radiation throughout the daytime. This 
element contributes enormously to building heat gain as compared to walls, mainly because the roofs 
exhibit straight to the tropical sun between sunrise and dusk. The roofs would absorb the heat from 
solar radiation, and it is transmitted through and trapped in the attic, which then leads to the hot 
ceiling. The hot ceiling would radiate heat to the occupants inside a building. Most of the low-medium 
cost housing schemes were constructed without a ceiling where heat was directly exposed to the 
occupants inside the building. Thus, the thermal insulation of the roof is crucial as it reduces the 
energy demand of buildings and saves carbon emissions [62,63]. 

Nowadays, designers can choose from many different types of thermal insulations [61,62,64] to 
fulfil the energy performance requirements. In the building materials market for insulation materials, 
it is clear that the most popular products are artificial materials and mineral wool products represent 
about 50–55% and plastic foams about 40–45% of the total production [62,65]. These kinds of 
materials which have high thermal conductivity, cannot compose naturally and is it will cause 
environmental hazards. On top of that, inappropriate insulating materials can be harmful to human 
health by polluting the indoor environment, such as emissions of toxic gas and particles. Moreover, 
synthetic insulation materials like expanded polystyrene, mineral wool, and polyurethane foam are 
energy-intensive materials and expensive [66,67]. The inorganic materials take hundreds of years to 
decompose and also bring a long-term impact on the environment and human health [22,68]. 

Besides, there are reports that the production of synthetic glass fibre-filled has endangered 
humans and can cause irritation to the skin [69, 70] and lung fibrosis during the production and the 
construction phase [71, 72]. The application of Styrofoam and urethane is hazardous if a fire happens, 
it can generate toxic gases during combustion, such as formaldehyde, ethylene cyanide, hydrochloric 
acid gas, and cyanide gas, which a very critical to the human body [73]. 

Saad and Kamal [74] and Chiradeja and Ngaopitakkul [23] have demonstrated that the usage of 
agricultural waste fibres as roof insulation could reduce heat transfer into the building and maintain 
a comfortable temperature inside the building space. Thus, it can help to overcome the discomfort 
of homes and reduce indoor electricity consumption, which enables cost savings and reduces gas 
production that directly pollutes the environment [20]. Organic fibres offer various advantages, such 
as low density, low cost, biodegradability, and low energy consumption during the processing of the 
material [75,76]. In the case of organic insulation, it has excellent thermal performance, absorption, 
and workability [77].  

A significant advantage of the insulation based on organic fibres is not only a low value of thermal 
conductivity [76,78] but also the natural character of input fibres. Organic fibres also have lower 
carbon footprints [79]. Another advantage is that it is a renewable material that does not place any 
significant strain on the environment. Several studies attempt to use agricultural waste for insulation 
board, e.g., using date palm wood fibre [80-82], sunflower stalk [83,84], palm fibre [57,85], coconut 
husk [86-88], and sugarcane bagasse [57,86,89]. However, most of the studies were conducted not 
specifically for roof insulation boards and had different densities than this study. Hence, to overcome 
the highlighted problems, this study was performed to examine the use of SB, CH, EFB, and MF waste 
material for the potential production of roof board insulation that can improve thermal properties 
value.   
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1.3 The Hydrophilic Behaviour and Surface Modifications of Fibre-Based Composite 
 

The selection of potential waste for future application, which in this study refers to the sugarcane 
bagasse, coconut husk, empty fruits bunch, mesocarp, and its combination, should emphasise certain 
properties. This is true when the addition of the waste can radically change the properties of the 
polymer and, consequentially, the composite. The properties of the final composite obtained would 
depend upon several factors that are crucial to the properties of the composite, which in this study 
refers to the mechanical and physical characterisation. The focus of most of the studies has been the 
mechanical and physical characterisation, specifically on the hydrophilic behaviour and surface 
modifications of the composites obtained to justify their probable use in the future as an alternative 
material.  

All the polymers absorb water in a moist atmosphere. The amount of water absorbed in bio-
composites containing fibres mainly depends on the nature of the wastes. Agricultural fibres have an 
undesirable affinity toward water because of their hydrophilic nature. The moisture absorption by 
composites containing natural fibres has an adverse impact on their properties, thus affecting their 
long-term performance. Most of the agricultural waste, for example, rice husk [90, 91]; sugarcane 
bagasse [58,92]; coconut husk [93]; EFB [57] have increased the rate of water absorption when the 
increment of waste content since all agricultural fibres are hydrophilic in nature which leads to the 
barrier in adhesivity between fibre and matrix. The rice husk, sugarcane bagasse, and coconut husk 
are lignocellulosic materials with hygroscopic OH, which attracts water via hydrogen bond formation. 
This phenomenon becomes more pronounced as the proportion of RH increases. The water 
absorption rate of the larger-sized fibre material is higher. This occurs because smaller fibres have 
more OH groups to interact with the matrix. This prevents water from reaching the OH groups of the 
filler.  

The incorporation of natural lignocellulosic materials into polymers resulted in a lack of good 
interfacial adhesion between the two components, resulting in poor composite properties [94-97]. 
Since hydrogen bonds tend to prevent wetting of the composite surfaces, the polar hydroxyl groups 
on the surface of lignocellulosic materials cannot form a well-bonded interface with a non-polar 
matrix. Furthermore, lignocellulosic materials tend to clump together. If the matrix is hydrophilic, 
this incompatibility results in poor mechanical properties and high water absorption. Thus, the 
interface between the matrix and the lignocellulosic material must be improved to improve its 
properties. There are several methods for promoting interfacial adhesion in lingo-cellulosic systems, 
which can be done by chemical, biological and physical treatment methods [52,58]. The methods 
play a very significant role in improving the surface characteristics of fibres.  

Physical treatment methods are basic methods for the chemical-assisted surface modification 
technique. In this treatment, the steam explosion was commonly used for biomass treatment to 
separate the fibre into its constituents, such as celluloses, hemicelluloses, and lignin. The explosive 
steam effect on polyester composite production resulted in a decrease in hemicellulose and lignin 
fibre and an improvement in water absorption density and thermal stability. Chemical treatment 
methods are more advantageous because they result in better compatibility between fibre and 
matrix. The fibre can be chemically treated with alkali, which is the most useful and cost-effective 
method [98]. Lignin content decreases after alkali treatment with 2% weight volume (w/v) NaOH 
solution for sugarcane bagasse [99]. However, Mulinari et al., [100] treated coconut fibre with a 1% 
(w/v) of alkaline solution and revealed increased surface roughness through SEM images as a result 
of the effective removal of wax, pectin, lignin, hemicellulose, and debris from the surface. Marwardi 
et al., [101] treated coconut coir fibre in a 5% NaOH solution at a temperature and time of 80°C and 
600 seconds, respectively, revealing changes in the morphology of the fibre with a reduction in fibre 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 99, Issue 1 (2022) 66-89 

 

73 
 

diameter up to 40%, which causes improvement in the matrix-fibre relationship, increased flexural 
strengths due to improving the aspect ratio of the fibre in addition to a good interface between the 
composite constituents [102]. However, Oladele et al., [103] reported that optimum mechanical 
properties were observed in fibre treated with 20% NaOH, and it was concluded that alkaline 
treatment greatly improves the hydrophobicity of coir fibres. It can also be treated with Maleic 
anhydride silane, acetylation (esterification), benzoylation, and other methods [58, 103, 104]. 
Furthermore, fibre treated with alkaline Xylanase at 4% NaOH followed by 20 weight grams (V/g) of 
xylanase increased cellulosic content [58]. After alkaline treatment, a smooth surface can be 
observed, as can a heterogeneous rough surface seen with alkaline Xylanase pretreatment, as well 
as an increase in the value of the crystallinity index [58].  

In other studies, however, small amounts of another component, such as compatibiliser [105, 
106], may promote adhesion promoters between polymer matrix and cellulosic fibres by forming 
chemical bonds. Using the compatibiliser, the composites increased in tensile and flexural strength 
[107]. The compatibilisers formed a bond with the hydrophilic RH, thus decreasing water absorption 
[108]. Biological treatment methods, on the other hand, make use of naturally occurring 
microorganisms such as bacteria and fungi. The aqueous environment is ideal for this treatment, and 
biological treatment is relatively inexpensive and simple to carry out, but it takes time. The retting 
process is a common biological fibre treatment. Retting is the controlled degradation of agricultural 
plant stems to separate and segregate the bast fibres from their respective fibre bundles, as well as 
to detach them from the woody core and epidermis. Bacteria (mostly Clostridia species) and fungi 
participate in this process, releasing enzymes that aid in the degradation of pectic and hemicellulosic 
components in the inside lamella of each fibre cell [58]. 
 
2. Materials 
 

The raw materials used in this study are EFB, MF, SB, and CH. For EFB and MF, these wastes were 
obtained from the Ladang Tereh Mill Kulim Plantation (M) Sdn Bhd, Kluang, Johore. Meanwhile, the 
SB was collected at the drink stall surrounding Parit Raja, Johore. The CH was obtained from a coconut 
factory in Senggarang, Johore. All the wastes undergo pretreatment before starting the sample 
fabrication, as indicated in Figure 1. The pretreatment phase is significant in revealing the 
scarification (a process of breaking a complex) of cellulase enzymes and fractionation of the major 
components of raw materials. These pretreatment processes were conducted at the Timber 
Fabrication Laboratory, Faculty of Civil Engineering and Built Environment, UTHM. 

 

 
Fig. 1. Pretreatment of Fibres 

 
Pretreatment methods are soaking with alkaline agents such as sodium, potassium, calcium, and 

ammonium hydroxides [109]. This study used sodium hydroxide (NaOH) for the process of 
pretreatment of the fibres to remove their residual oil. The alkaline solution was used to remove 
lignin and a portion of the hemicelluloses, following Sun et al., [110]. The usage of the alkaline 
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solution depended on the lignin content from biomass material. The alkaline solution is more 
effective for agricultural biomass. Figure 2 shows the use of NaOH in the pretreatment process. The 
use of NaOH was 2% of the weight of water. Zheng et al., [111] recommended using NaOH between 
2% — 4% as acceptable to remove lignin from waste material. After finishing soaking, the fibres were 
washed using clean water to reduce excess oil and sodium content. 
 

 
Fig. 2. Sodium hydroxide (NaOH) 

 
The washed fibres were dried out with sun radiation within 3 days or, depending on the weather 

condition to reduce their moisture until completely dried. This process is a simple step to ensure 
dried fibre condition and contains less moisture. Moreover, doing this process can reduce the energy 
consumption of electric ovens [112]. After completing this process, the fibres were undergone oven-
dried to ensure that the fibre is less than 10% moisture with a temperature of 110 °C ± 5 °C in an 
electric oven. 

 
2.1 Fabrication of Sample 
 

The next processes of this study are involved in fabrication works. Several processes are involved 
in the fabrication, starting with grinding raw fibre materials until the final sample formation in 
conformity with the size, thickness, and mould set. The fibres are cut to a specific length of about 10 
cm manually except MF due to the original size obtained from the mill in an irregular shape and then 
fiberised using a wood grinder machine to cut into approximately 4-5 cm long pieces. The fibres 
obtained were sorted into nine sieves from 5mm to 63µm.  

In this study, the fibre wastes are combined in different proportion of 50% individual fibres such 
as 50% SB + 50% CH, 50% EFB + 50% MF, 50% CH + 50% EFB and 50% SB+ 50% MF. The selection of 
proportion was based on the result of the trail mix that was conducted at early stage. Table 2 lists 
the mixture composition of the samples. The sample was designed as a low-density board as it 
possesses better thermal insulation properties [21,76,113,114]. As such, the target density design for 
this was 400 kg/m³. Lower densities are between 50 kg/m³ to 500 kg/m³ [115]. Other than that, this 
study also used Urea Formaldehyde (UF) resins. The purpose of the UF is to act as a binder to the 
fibres in mixed specimens. Ammonium chloride (NH4Cl) was also used during the mix, which acts as 
a hardener to accelerate the hardening time of specimens. 
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Table 2 
Mixture Proportions (quantity/ sample) 
Size sample Target Density Materials (Fibres) Resin 

(Fibres: Resin) 
(100: 18) 

Ammonium  
Chloride  
(1% of resin) 

250mm x 250mm x 25mm thick 400 kg/m3 50% SB + 50% CH 
= 625g 

112.5g 1.125g 

250mm x 250mm x 25mm thick 400 kg/m3 50% EFB + 50%MF 
= 625g 

112.5g 1.125g 

250mm x 250mm x 25mm thick 400 kg/m3 50% CH + 50% EFB 
= 625g 

112.5g 1.125g 

250mm x 250mm x 25mm thick 400 kg/m3 50% SB + 50% MF 
= 625g 

112.5g 1.125g 

 
The percentage of UF resin used, as shown in Table 2, followed the recommendation made by 

the manufacturer and Luamkanchanaphan et al., [69], is based on the target density value, which is 
between 12% to 18%. A schematic of the production process is given in Figure 3. There are different 
types of sample sizes prepared in this study, which were based on the standard requirement for 
particular testing. However, this study prepared three samples for each design mix.  
 

 
Fig. 3. Schematic of the process involved in the production of roof 
insulation fibreboard 

 
For the modulus of rupture (MOR) testing, the sample size required is 350 mm × 50 mm × 25 mm, 

and for water absorption testing, the size was 50 mm × 50 mm × 25mm. The sample was put into the 
mould, respectively, and the sample was pressed using the hot press machine. The sample needs to 
be compressed with the temperature of the hot-press machine at 180 °C for 5 to 15 minutes under 
a 1000 psi pressing load as recommended by Akinlabi et al., [116]. After the compression process was 
finished, the sample was left at room temperature to cool down the sample before it was removed 
from the mould, e.g., as shown in Figure 4. 
 

 
Fig. 4. Samples of 50% SB with 50% 
CH roof insulation fibreboard 
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3. Results and Discussion 
 

The results of the test conducted were discussed in this section. The determination of whether 
the fibre exceeds its suitability depends on the physical, mechanical, and thermal performance of the 
samples through various laboratory testing, as mentioned in the following sub-sections. 

 
3.1 Specific Gravity 
 

The determination of specific gravity concerning the classification was referred to the British 
Standard EN 622-1:2003. The result of the specific gravity of different samples is shown in Figure 5. 

 

  
Fig. 5. Result-specific gravity test of different samples 

 
The result shows that the samples were categorised as low-density fibreboard because the 

specific gravity value was between 0.16 – 0.50 [117]. Kawasaki et al., [115] highlighted that this low-
density fibreboard has suitable stability dimensions, better mechanical properties, and superior 
thermal insulation characteristics. Moreover, low-density fibreboards are mainly used as thermal 
insulation materials in civil engineering [118]. 
 
3.2 Bulk Density 
   

The bulk density is vital in the physical properties of the fibreboard insulator. Bulk density is useful 
in predicting thermal insulation behaviour [119,120]. Bulk density is influenced by the type of fibre, 
the thickness of the board, the pressure imposed, and the ratio of resin [121,122]. The results of the 
bulk density of different samples are shown in Figure 6. 
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Fig. 6. Result bulk density test of different samples 

 
The result shows that all the bulk densities of roof insulation fibreboard samples are not more 

than 500 kg/m3. Kawasaki et al., [115] have reported that the density of LDF ranges between 50 – 
500 kg/m3. Thus, the finding from Figure 6 shows that all the bulk density values of fibreboard met 
the standard of low-density fibreboard. Low bulk density fibreboard possesses better thermal 
insulation properties.  
 
3.3 Thickness of Swelling (TS) 
   

This test was performed to measure the amount of water absorbed by the roof insulation 
fibreboard samples after 24 hours of soaking. The test was carried up and followed the British 
Standard EN 317-1993. The results of the TS test are shown in Figure 7. The result shows that the 
samples were categorised as good performance because the TS value obtained was between the 
ranges of 12% – 20% [123]. The standard requirement for TS is not more than 20% [124]. Lower 
thickness swelling values represent higher consistency between fibres which provides better 
dimensional stability and generally presents higher internal bonding values. 

Monteiro et al., [125] reported that TS followed the same trend as bulk density. The lower the 
mass of material per unit volume, the lower the amount of water absorbed and thus the lower the 
swelling. Many physical properties of composites are affected by the amount of moisture present in 
the composites. TS is independent of composite size and thickness, as stated by Kelly [126]. Previous 
studies reported that the oil palms composite was the highest TS among different types of 
composites [97,127]. The value obtained by the samples (EFB+MF) indicated that the high porosity 
or the presence of voids on the surface of the samples affected its swelling. Saad and Kamal [74] have 
mentioned that for the low-density board, the highly porous structure could allow water to penetrate 
the board surface and increase water intake, resulting in the board swelling and thus causing an 
increase in the thickness of the swelling. The type of resin used may also affect the thickness swelling 
of the composite boards. This can be related to the poor dimensional stability of urea formaldehyde 
[128]. The fibres used are hydrophilic in nature because of an abundance of hydroxyl groups that are 
not compatible with the hydrophobic matrices of urea formaldehyde. This incompatibility leads to 
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low fibre–matrix interfacial bond strength, poor wetting of the fibres by the matrix resin, and a 
reduction of mechanical performance when exposed to moisture, thereby increased in thickness 
swelling [128]. The TS could easily be controlled by adding water-repellent chemicals as a surface 
treatment in the production of composite fibreboards.  

 

 
Fig. 7. Result swelling thickness of different samples 

 
3.4 Modulus of Rupture (MOR) 

 
The MOR test was performed to determine the strength against bending using the Universal 

Testing Machine (UTM). The test was carried up following the BS EN 310:1993. The reading obtained 
from the UTM determined the load capacity of the board. The results of the MOR are shown in Figure 
8. 
 

 
Fig. 8. Result MOR test of different samples 
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The average MOR of the samples with a density of 400, 412, 425, and 427 kg/m3 are 314, 454, 
500, and 514 psi, respectively. According to Luamkanchanaphan et al., [69], the average MOR values 
range from 200 to 800 psi. Thus, based on the results obtained, all the samples met the standard for 
insulation fibreboard requirements. From this experiment, the MOR showed a significant increase 
when the sample density increased from 400 kg/m3 to 427 kg/m3 (see Figure 6), and this result is 
consistent with other studies using natural fibres [129]. The MOR increased with increasing board 
density [130, 131]. The sample of EFB+MF shows the highest MOR value because the particles and 
the matrix of the board have better bonding compared to others. The bending properties, such as 
MOR, are adversely influenced by the absence of any adhesive to bind the reinforcement fibres [56]. 
Pandey et al., [132] suggested that the surface and heat treatment processes result in improved 
surface adhesion properties of the composites. The excellent compression ratio and better particle 
bonding within boards led to a better contact area between the resin and wastes of EFB+MF particles, 
which resulted in high strength properties. Conversely, the lowest MOR value referred to the sample 
(i.e., CH+EFB) due to the porous structure applied to the sample and the reduction in inter particles’ 
contact area, which resulted in the formation of weaker bonds [129].  
 
3.5 Thermal Conductivity 
 

This test was conducted to measure the ability of samples to conduct heat using a heat flow meter 
HFM 436/3/1 Lambda. The test was carried out at Advanced Oleochemical Technology Division 
(AOTD), Malaysian Palm Oil Berhad (MPOB), following the ASTM C518 [133] and ISO 8301 [134]. The 
results of the thermal conductivity are shown in Figure 9. 
 

 
Fig. 9. Result of thermal conductivity value of different samples 

 
This study revealed that the samples with a density of 400 – 427 kg/m3 had thermal conductivity 

values ranging from 0.0825- 0.0892 W/mK, which is less than other fibrous materials such as durian 
peel and coconut coir (0.0728 – 0.1117 W/mK) [135]; sugarcane bagasse (0.079 – 0.09796 W/mK) 
[68]; corn cob (0.096 W/mK) [136]. All the samples have met the requirement of the standard, which 
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is between 0.05 to 0.10 W/mK [137]. Moreover, materials with thermal conductivity of less than 0.25 
W/mK are generally seen as good thermal insulations [57, 138-141]. 

Therefore, it revealed that the sample with a density of 400 kg/m3, i.e., a combination of the fibre 
of CH+EFB, had thermal conductivity values of 0.0825 W/mK, which was less than SB+MF, SB+CH, 
and EFB+MF, with K-value 0.0856 (425 kg/m3), 0.0854 (412 kg/m3) and 0.0892 W/mK (427 kg/m3), 
respectively. This low thermal conductivity recorded in the samples is probably caused due to the 
use of larger fibres, leading to voids filled with air, which is one of the poorest conductors [142]. 
Luamkanchanaphan et al., [69] and Asfaw [122] have pointed out that the main factors that affect 
thermal conductivity are the density and the porosity of the materials. Increasing the density 
intensifies the thermal conductivity [68, 143]. Meanwhile, lower-density boards could achieve better 
thermal performance, which could be explained by the greater air content inside the board [143].  
 
3.6 Summary of Findings  
 

Based on the findings, this study found that the composite sample (EFB+MF) met all required 
settings as shown in Table 3.  
 

Table 3  
The summary of the results obtained 
Parameter Samples (EFB+MF) Criteria 

Bulk density (kg/m3) 427 50 – 500 [115]   
Thickness of swelling (TS) (%) 19% 12 – 20 % [123]  
Modulus of rupture (MOR) (psi) 514 200 – 800 [69] 
Thermal conductivity (W/mK) 0.0856 0.0728 – 0.1117 [135]  

 
Based on the results in Table 3, however, they need several modifications of agricultural waste 

on the following. 
 
3.6.1 Pretreatment of agricultural waste 
 

The problem is the usage of EFB and MF waste in the composite is the high content of grease, oil, 
and minerals in the fibres. Oil consists of ester components that may disturb the bonding proficiency 
between fibres and the matrix during composite production [144]. Oily constituents and impurities 
stick on the surface of EB and MF, causing poor surface wetting and decreasing coupling efficiency 
between fibre and matrix. Moreover, all waste used in the composite, including EFB and MF, are 
hydrophilic in nature and contains strongly polarised hydroxyl groups, which are characteristically 
incompatible with hydrophobic matrices. Utilising agricultural waste as reinforcements in such 
matrices will cause poor interfacial adhesion between polar-hydrophilic fibre and the nonpolar-
hydrophobic matrix [53] and high moisture absorption between fibres and matrix in composites [97] 
which can be seen in all the samples tested obtained in this study have a close value between samples 
in the swelling thickness test. Thus, in order for the oil palm fibre (EFB+MF) to be potential for 
replacement of synthetic polymeric composites, the oil palm fibre needs to be pretreated before 
being applied as a reinforcing material in composite panels production [53,55,97,145-147]. As 
mentioned by Fiore et al., [148] that the pretreatment will alter the oil palm fibre physically or 
chemically to reinforce the poor characteristics of the fibre through the removal of contaminations, 
altering the chemistry and crystallinity formation, refining the interface of fibre and matrix, achieving 
good bonding between fibre and matrix. In this study, pretreatment was done using 2% sodium 
hydroxide (NaOH), as suggested by Zheng et al., [111] and Liu et al., [99], to remove its residual oil. 
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However, based on the result obtained for future improvement, the amount of NaOH needs to 
increase by more than 2% to improve cellulose structure and increase crystallinity index, which will 
follow the suggestion of Latip et al., [149] and Kamal et al., [150].     
 
3.6.2 Resin matrix 
 

The interfacial adhesion between the reinforcement and matrix in a composite material plays an 
important role in the composite performance. The formaldehyde-based adhesive is a synthetic 
polymeric material, also known as resin, chemically prepared using formaldehyde as one of its active 
ingredients. Among formaldehyde-based adhesives used in the wood industry is urea-formaldehyde 
(UF) which was used in this study. However, the problem with UF resin is a lack of resistance to 
moisture which leads to a decrease in bonding strength, an important characteristic of composite 
materials. This weakness of UF resin was shown through the result of TS and MOR samples obtained 
which are critical physical properties of biomass composite materials and reflected in interfacial 
adhesion bonds between composite and resin matrix. Moreover, due to the environmental 
requirement and need for eco-friendly green materials, therefore, the modification of the resin 
matrix from synthetic to natural materials in future products that meet satisfactory physical and 
mechanical properties is important.   Harmful formaldehyde emissions can be reduced by adding 
various inorganic, organic, and mineral compounds as formaldehyde scavengers to conventional 
wood adhesives using formaldehyde-free adhesive formulations [151]. Based on the study by Antov 
et al., [152] and Hong et al., [153], a formaldehyde-free adhesive is a potential resin to be utilised as 
an eco-friendly additive to UF adhesive formulations as it can increase MOE and TS value compared 
to UH resin.   
 
4. Conclusion 
 

This paper presents the research outcome that highlights the potential of using agricultural waste 
as polymeric reinforcement composites for thermal roof board insulation by considering current 
environmental issues, and green, environmentally friendly, and sustainable products. Overall, the 
selection for potential samples as thermal roof board insulation refers to the samples mixed with EFB 
+ MF, which achieved all the criteria such as density (427 <500kg/m3); TS (19< 20%); MOR 
(514<800psi), thermal conductivity (0.0856<0.25 W/m.K). However, to be a potential agricultural 
waste to be applied as a composite material to roof board insulators, this study found that a major 
modification to the waste preparation involved surface treatment of the waste fibre and the 
application of formaldehyde-free adhesive as resin matrix of the composite. Doing this can achieve 
the desired mechanical properties of the composites. This study directs the next research where the 
combination of fibres EFB +MF would be selected for the physical and mechanical properties 
improvement considering the modification suggested in this study.   
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