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 The aim of this paper is to investigate the viability of coconut coir to perform as fibre 

board composites. The composite is constructed at prescribed percentages of fillers and 

urea formaldehyde (UF) as resin. There are four different levels of percentage that 

being used to fabricate the composites involved 40% wet, 50% wet, 60% wet and 70% 

wet of coir fibre. From experiment, the structural characteristics and mechanical 
strength of urea formaldehyde matrix composites incorporated with coconut fruit fibres 

(also known as coir fibre) wastes is also evaluated. Consuming regularly of synthetic 

composites will cause the health hazards to the user compare to natural fibre 
composites. This natural coconut fibre has its extended significance through highly 

resilient, neutral in smell, highly rot-resistant, economically sounding candidate as it is 

cheap and readily available. Natural fibre can perform an important role in developing 
biodegradable composites to resolve the current ecological and environmental issues 
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INTRODUCTION 

 

 Natural fibres such as cotton, flax and sisal have been used since historical times in a large variety of 

products, ranging from clothes to house roofing. Nowadays, there is an increasing environmental consciousness 

and awareness of the need for sustainable development, which has raised interest in using natural fibers as 

reinforcements in polymercomposites to replace synthetic fibers (Mulinari et al., 2011). Moreover, 

lignocellulosic fibres are neutral with respect to the emission of CO2. This is an extremely important aspect and 

puts lignocellulosic fibres as materials in context with the Kyoto protocol. Alves, C., et al. (2009) described in 

this context, researchers such as (Puglia et al., 2004), (Suddell et al., 2002) and (Yuan et al., 2002) have already 

been studying natural fibers as replacement of glass fibers, improving the environmental performance of 

materials and products. 

 Organic natural fibres are increasingly being investigated for various usages in many structural and non-

structural applications such as automotive lining, civil engineering, transportation vehicle, aerospace, marine 

and chemical industries. Malaysia has plenty of agricultural waste products such as coir (Cocos nucifera) fibre, 

rice (Oryza sativa) husk and oil palm (Elaeis guinnesis) frond fibre. Among the advantages of these fibres are: 

renewable, nonabrasive, cheaper, abundance and show less health and safety concern during handling and 

processing (Zulkifli, R. et al., 2008). 

 In the present work, coir composites will be developed by using coconut coir fibres and their mechanical 

properties will be evaluated. Coir fibres are derived from the coconut husks. Wang Wei and Hiang Gu, (2008) 

described about 55 billion of coconuts are harvested annually in the world, only 15% of the husks fibres are 

actually recovered for use. Most husks are abandoned in the nature, this is a waste of natural resources and a 

course of environment pollution.Coir fibre is widely used in our country for various purpose application and 

also easily to obtain. Since it is a natural resource material, the price is relatively low. Besides that, coconut coir 

also high in durability, easily dispose and high tensile strength. Table 1 shows the material properties of coir 

fibre (S. Harish, D. Peter Michael et. al., 2009 ; Wang Wei and Hiang Gu, 2008). 
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Table 1: Material Properties of Coir Fibre. 

Material Properties Value 

Modulus Young 1.5 GPa 

Material pH 5.5 – 6.5 

Porosity 96% 

Material Strength 32 MPa 

 

 In effort to search for such novel material, a study has been made where coconut fibre (also known as coir 

fibre) is compounded with composite material. Coir is the natural fibre of the coconut husk where it is a thick 

and coarse but durable fibre. It is relatively water-proof and has resistant to damage by salt water and microbial 

degradation (Ray, D., 2005). The outer husk of coconut fruit can be used as a source of fibre and coir pitch. The 

result of mechanical and physical properties of the coir fibre reinforced composites is vital. This is due to the 

fact that having a suitable stiffness of composites can be applied to the certain applications which satisfy the 

needs of their characteristics such as strong, rigid, light weight, environmental friendly materials (Shaikh et al., 

2003). The automotive industry is one of the most avid users of natural composite materials in their products in 

interior applications such as door panels and trunk liners (Suddell et al., 2002).  

 Even though it has advantageous properties, the coir fibre composites still have some undesirable properties 

such as dimensional instability, flammability which not suitable for high temperature application and 

degradability with humidity, ultraviolet lights, acids and bases (Brahim & Cheikh 2006). Therefore, a lot of 

efforts have been carried out to improve the performance of coir fibre reinforced composites. 

 Since the application of natural fibres demonstrate a greater interest around the world and a commercial 

potential market already exists, the present work investigates the use of coir fibres as a possible reinforcement 

for urea formaldehyde matrix composites.  

 

MATERIALS AND METHODS 

 

 The first task was the preparation of composite material by combining the urea formaldehyde (UF) resin 

and coconut coir fibre. Figure 1 shows the whole process of the study. 

 

 
 

Fig. 1: Flow Chart of the Study. 

 

Preparation of specimen: 

 The entire raw material must be prepared based on the appropriate amount of filler and resin. Then, the 

fibre treatment method is carried out to strengthen the fibre and remove unwanted contaminants. The coconut 

coir fibres need to be blended randomly using granulator machine. After that, filler is mixed with resin of UF 

based on the composition shown in Table 2 and stirred until both is mixed together. In the first process of 

preparing the composite, a release agent is used to clean and dry the mold before the mixture is poured into the 

mold. Then the sample is pressed using the hot press hydraulic machine.  

 
Table 2: Composition of Coconut Coir Fibre and Urea Formaldehyde. 

Coir Fibre (%) Urea Formaldehyde (UF) (%) 

70 30 

60 40 

50 50 

40 60 
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Physical properties testing: 

 Density and porosity tests are conducted to measure the physical properties of composite board. Density as 

seen in Equation 1 is an essential indicator of a composite performance. Weight saving is particularly important 

for aircraft and aerospace structures, automotive bodies and components, and other products where energy 

consumption and power limitations are major concerns (Kalpakjian, 1992).  The most significant function which 

density represent is in the specific strength (strength-to-weight ratio) and specific stiffness (stiffness-to-weight 

ratio) of materials and structures. Porosity is a measure of the void spacesin a material, normally calculated as 

the fraction of the voids volume over the total volume. In this experiment, porosity, a void space between fillers 

and resin and the surface texture of the composite board can also be identified.  

sd

d

WW

W
Density


,               (Equation 1) 

 
   

100





sw

sdsw

WW

WWWW
Porosity       (Equation 2) 

where : 

Wd = weight of dry sample 

Ws = weight of floating sample 

Ww = weight of wet sample 

 

Mechanical properties testing: 

 The testing apparatus is calibrated before commencing the testing procedures. The test is carried out on the 

machine by a punch and two supports. These two components are the sources for three point bending test. It will 

be tested until the specimen fail or break off and the Modulus of Rupture (MOR) value is calculated by taking 

the average result from all the samples that already being tested. The software that is used to obtain the data is 

Trapezium2 which is similar with the tensile test. The specimens is tested by using the Universal Testing 

Machine (UTM), as shown in Figure 2. 

 An impact test is performed on ASTM D256-78 methods.Impact loading strength (kJ/m
2
) is calculated by 

dividing the recorded impact energy with the cross sectional area of the sample. Hardness of the composite is 

checked on a Shore Durometer Hardness Tester on ASTM D2240.  

 

 
Fig. 2: Universal Testing Machine. 

RESULT AND DISCUSSION 

 

According to Table 3, the value of density and porosity is obtained by using calculation methods (refer to 

Equation 1 and 2). 

 
Table 3: Density and Porosity Result. 

Percentages of Sample 
Density 

g/cm3 
Porosity (%) 

40% fibre + 60% UF 1.1600 44.36 

50% fibre + 50% UF 1.1571 49.27 

60% fibre + 40% UF 1.0876 49.69 

70% fibre + 30% UF 1.0633 54.01 

 

 As seen in Figure 3 and Figure 4, the result demonstrates that 70% fibre has a high level porosity with 54.01 

% at 1.0633 g/cm
3
 density.Then, follow with the sample of 60% fibre with 49.69 % porosity at 1.0876 g/cm3 

density respectively. The presence of voids in the composite board could be distributed more uniformly in the 

composite board and density of composite board is increased if less voids in the structure. This represents the 
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relation between the value of porosity anddensity. The data collected indicates that when the porosity is at the 

highest, it produces more pores which result to a lower density of samples. 

 

 
 

Fig. 3: Density for Various Percentages of Fibre and Urea Formaldehyde. 

 

 
 

Fig. 4: Porosity for Various Percentages of Fibre and Urea Formaldehyde. 

 

 The bending MOR of the fibre board is shown in figure 5. It is increased slightly with the rising of 

percentage of coconut coir. The flexural strength is escalated via increasing the fibres in fibre board content, as 

demonstrated in the experiment result. The highest flexural strength is 23.797 MPa with 70% of fibres. As the 

fibre loading increase in composites, the flexural strength is also rises because the inherent stiffness of the fibre 

may positively contribute to the overall stiffness of the boards. 

 

 
 

Fig. 5: Modulus of Rupture for Each Percentage of Fibre. 

 

 Based on Figure 6, the major fall of hardness value is represented with 60% of fibre and this value is 

decreased directly proportional with other different mixture percentages of filler and resin. Maximum value of 

hardness is achieved in the sample of 70% fibre while the average values for hardness are 23.0 for 70% and 22.5 

for 60% fibre compare with the sample of 50% and 40% fibre of 11.9 and 8.6 respectively. Although this test is 

subjective in the determination of the mechanical properties of boards, however it can provide an indication of 

their physical strength.  

 According to Figure 7, the charpy impact strength of fibre board goes up approximately from 3.62 to 3.85 

kJ/m
2
 as the coconut coir is increased from 40% to 70% of fibre. This graph illustrated an escalation of impact 

strength with an increment of fibre samples percentage. 

 

 
 

Fig. 6: Hardness for Each Percentage of Samples. 
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Fig. 7: Impact Strength for Each Percentage of Samples. 

 

 Any enhancement in toughness and stiffness due to the presence of natural fibres must rely upon the fibre 

matrix bond or the inherent toughness and stiffness of the fibres themselves. A large number of covalent bonds 

and crosslink would exist when fibre and resin were at higher percentages of contents. With the chemical 

treatments has been reported to reduce the impact strength, so it can produce a good bond. This might resist the 

deformation of interface between resin and fibre, resulting in tougher fibre board. Other reason shall be the 

crosslink density of fibre board used. The low crosslink density fibre board is far more readily toughened than 

the high crosslink density fibre board. 

 

Conclusion: 

 The research was carried out to investigate mechanical and physical properties of coir fibre and urea 

formaldehyde. It was found that the content of fillers and resins play an important role in order to attain a good 

results. Here, the optimum composition was 70% of coir fibre with 30% resin while the lowest was 40% of coir 

fibre with 60% resin. Taking into account, the new fibre board composites perform a low-priced of cost and 

highly availability of raw materials. The viability of coconut coir reinforced UF demonstrated a valuable result 

based on experiment performed encompasses modulus of rupture, impact strength, hardness, porosity and 

density properties of the fibre board. Therefore, this material can either be an alternative to reduce pollution rate 

and achieving mechanical and physical properties desired for various applications which can be used in the 

market.  
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