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Abstract- This study deals with the preparation of natural fibre reinforced composite and to study the various mechanical and thermal 

aspect of different samples. The samples were made by varying the concentration of coir fibre in 10%, 15%& 20% by weight while 

polyester was kept constant where as catalyst & accelator were taken in 2% by weight of polyester. Coir fibres were subjected to alkali 

treatment with a view to improving the wettability of coir fibres by a commercially available resin such as polyester. Hand lay-up 

moulding method was used to fabricate the composite materials. mechanical test such as hardness and tensile tests were performed 

at room temperature while impact test of  thermally treated samples were taken at 28ºC, 50ºC and 100ºC. Hardness increases with 

the addition of coir fibre loading, but the rate of increase is maximum at 10%-15% fibre loading as compared to 15%-20% fibre 

loading. Tensile strength were increases as increase with the addition of coir fibre loading, but the rate of increase is maximum at 

10%-15% fibre loading as compared to 15%-20% fibre loading. The impact strength increases with the addition of coir fibre loading. 

At 28ºC the impact strength maximum at 20% fibre loading, but the rate of increase is higher at 10%-15% fibre loading as compared 

to 15%-20% fibre loading. At 50ºC the impact strength maximum at 20% fibre loading, but the rate of increase is higher at 10%-

15% fibre loading as compared to 15%-20% fibre loading. Similarly at 100ºC the impact strength maximum at 20% fibre loading, 

but the rate of increase is higher at 10%-15% fibre loading as compared to 15%-20% fibre loading.     
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1.INTODUCTION 

The composite materials as heterogeneous materials consisting of two or more than two solid phases, which are in intimate contact with 

each other on a microscopic scale. They can be also considered as homogeneous materials on a microscopic scale in the sense that any 

portion of it will have the same physical property. A composite material consists of two phases, It consists of one or more discontinuous 

phases embedded in a continuous phase. The discontinuous phase is usually tough and stronger than the continuous phase and is called 

the reinforcement, whereas the continuous phase is termed as the matrix. The matrix is usually more ductile and less hard. It holds the 

dispersed phase and shares a load with it. Matrix is composed of any of the three basic material type i.e. polymers, metals or ceramics. 

Properties of composites are strongly dependent on the properties of their constituent materials, their distribution and the interaction 

among them. According to the reinforcing phases the composites are mainly classified into three types, i.e. fiber reinforced composites, 

flake reinforced composites and particle reinforced composites. This study is disquieted with fibre reinforced composite, Fibbers are the 

important class of reinforcements, as they satisfy the desired conditions and transfer strength to the matrix constituent influencing and 

enhancing their properties as desired. The performance of a fibre composite is judged by its length, shape, orientation, and composition 

of the fibres and the mechanical properties of the matrix. 

The inherent drawbacks of these natural fibers are poor moisture resistance, low resistance to microbial attack, the tendency to form 

aggregates during processing and poor surface adhesion. Therefore, natural fibers require the chemical modification or addition of 

coupling agents for final applications in composite materials. Several fiber surface treatment methods have been studied to reduce water 

absorption, to improve the adhesion between fibers and the surrounding matrix, as well as to increase mechanical properties such as 

mercerization, delignification, dewaxing (defatting), bleaching, salinization, etc are used to increase the surface area available for contact 

with the matrix. The chemical modifications of the fiber surfaces could enhance the properties of the composites and consequently 

enhances the surface adhesion which will help to strengthen the fiber/matrix interfaces. Lignocellulosic and Cellulose  are generally 

modified by alkali pre-treatment in order to increase the particles strength. 

Material characteristics plays an important role in design and manufacturing engineering. Knowledge of the response of the material 

work during manufacturing is essential for adopting more economical, effective and efficient processing methods. Proper understanding 

of the response of the material work under different situations is possible only if the material characteristics are known. Composites 

with natural fibers are gaining increasing attention for a variety of applications. Available natural fibers such as, coir, jute, Palmyra and 

sisal belongs to this category. Such fibres offer specific benefits such as low pollutant emissions, low density, low cost, enhanced energy 

recovery, renewable characteristics, acceptable specific properties and complete biodegradability. They are considered as strong 

candidates to replace the conventional glass and carbon fibres due to their advantages and eco friendliness. Among the natural fibres, 

coir is nowadays extensively used in many industrial applications. Coir is usually used for marking a wide variety of yarn, rope, floor-

furnishing materials, etc due to durability, hardwearing quality and its other advantages. However, these traditional coir products 

consume only few percentage of total production of coconut husk. Hence, the research and development efforts have been ongoing to 

find new areas for the use of coir as reinforcement in the polymer composites. Carbon, kevlar, glass and Boron fibers are being used as 

reinforcing materials in Fiber Reinforced Plastics [FRP] which have been widely accepted as materials for non-structural and structural 

applications. Synthetic fibers are not eco-friendly. Hence attention has been focused on the utilization of natural fibers for the production 

of fiber-reinforced materials. One of the fibre reinforced polymer composites are investigated by Rout and J. Mishra[1] using coir fibre 

and polyester matrix, in this coir fibres was subjected to alkali treatment before adding them with general purpose polyester resin. 

Because of surface treatment the mechanical characteristics such as tensile strength, bending and impact strength were increases, while 

water absorption tendency of composite was reduced. Biswas et al.[2] carried out a study on coir and epoxy composite, it was found 

that tensile strength, flexural strength, impact strength increases but hardness of the composite decreases by increasing length of fibre 

up to 20mm and then after it increases. Romli et al.[3] done a factorial study on coir and epoxy composite, in this study the volume 

fraction, curing time and compression load during the solidification of composite were taken as parameters. It is found that the tensile 

properties of composite increased to some extent. Lu et al.[4] worked on bamboo and epoxy composite and the mechanical characteristics 

of composite were compared. Surface modification of fibers was done using NaOH and silane coupling agent (KH560). They concluded 

that the tensile strength of the composites was quite higher in silane treated fibers than alkali treated. Samal et al.[5] prepared bamboo 

as well as glass fiber filled polypropylene hybrid composites and examined their mechanical, thermal and morphological properties. It 

was reported that the hybrid composite shows improved mechanical properties like tensile, impact and flexural strength as compared 

with virgin polypropylene. SEM micrograph of the composites showed a reduction in the interfacial gap between fiber and matrix. TGA 

showed the improved thermal stability of hybrid composite compared to the polymer. Mishra and Biswas[6] fabricated jute fiber epoxy 

composites by hand lay-up method and studied the physical and mechanical properties of the prepared composites. They concluded that 

the presence of voids in the composites adversely affect its mechanical properties. Mir et al.[7] performed surface treatment on coir 

fiber, after that a systematic investigation on the mechanical and physical properties of coir and polypropylene bio composites had 

conducted. The study reveals that the chemically treated fiber based composite showed good mechanical characteristics than untreated. 

The composite with 20% fiber weight concentration exhibited optimum mechanical property compared to other. Reddy et al.[8] treated 
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glass/bamboo hybrid fiber reinforced polyester composites with some chemicals such as sodium carbonates, sodium hydroxide, acetic 

acid, etc. It was observed that the hybrid composites showed excellent resistance to chemicals and the tensile strength of alkali treated 

hybrid composite was also improved. Sreenivasan et al.[9] compared the mechanical properties of untreated and surface treated 

Sansevieria cylindrica fibers (SCFs) and polyester composites. They concluded that the surface treated fiber showed improved 

mechanical property than the untreated fiber. Monteiro et al.[10] conducted a study on the mechanical characteristics of coir fiber 

reinforced polyester composites. The coir fiber percentage was increased up to 80 % and found that up to 50% fiber loading, composites 

were become rigid, and after that composites behaves like agglomerates. A systematic study on the influence of lignin as a compatibilizer 

on the physical property of coir fiber reinforced polypropylene composites were performed by Rozman et al.[11]. They concluded that 

the coir fiber filled polypropylene composites with lignin as a compatibilizer was performed better flexural properties than control 

composites. The use of coir fibre reinforced polypropylene composite for the panel of automotive interior applications was studied by 

Ayrilmis et al.[12]. It was concluded that the coir fiber quantity increased up to 60 wt %, the flexural and tensile properties of the 

composites improved by 26% and 35%, respectively. Pothan et al.[13] studied the significance of fiber length and fiber quantity on short 

banana fiber filled polyester composite. The maximum tensile strength was obtained at a fiber length of 30 mm and impact strength was 

getting maximum at of 40 mm fiber length banana fiber polyester composite. As the fiber quantity increased up to 40%, the tensile 

strength increased by 20% and there was a 34% increase in impact strength also. Ramanaiah et al.[14] studied mechanical, thermo 

physical and fire features of polyester composites reinforced with sansevieria fibre. It was observed that at maximum fiber content, the 

tensile and mechanical properties were increasing 2.55 and 4.2 times to that of neat resin respectively. Kumar et al.[18] made composite 

with coconut sheath fiber and epoxy resin then compared the mechanical properties and thermal degradation phenomena with its treated 

category. They found a sound increase in mechanical property in treated coconut sheath fiber epoxy fiber than untreated category. Harish 

et al.[20] developed coir composite and mechanical properties were evaluated. Scanning electron micrographs obtained from fracture 

surfaces were used for a qualitative evaluation of the interfacial properties of coir /epoxy and compared with glass fibers. Zafer ozdemir 

and Osman selim turkbas[48] reviews the applications of fiber reinforced composites have grown rapidly and are now widely used in 

industries. In recent years, a new class of short fiber composites in which the ends of the short fibers were enlarged, have been studied. 

Because of their length, these short fibers are referred to as short fibers. They were then tested according to the impact test procedure to 

obtain the effects of the end shapes on the mechanical properties due to the impact load. It was generally concluded that as long as the 

curing temperature and time increases, the impact strength increases. 
 

2. MATERIAL DESCRIPTION 

 
1.Coir comes from the husk of coconut fruit fibre. It is a lignocellulostic fiber which extracts from the seed of coconut palm. It has low 

tensile strength and young’s modulus, it possess low moduli because of high microfibrilar. The elongation of break and toughness of 

coir fiber is greater than other natural fibers. It also exhibits much better resistance to weather, fungal and bacterial because of its high 

lignin content. Coir fiber is mostly used for preparing ropes, yarns, mattresses, mats, brushes, insulation panels, etc. 

2. The term polyester is defined as the long-chain of polymers which are chemically composed of  80% by weight of a dihydric alcohol 

and a terephthalic acid and ester. Polyester resin is durable, comparatively inexpensive, has superior corrosion resistance, has good range 

of mechanical properties, it is a general purpose polyester resin is used as matrix material. One of earliest use of polyester was to make 

polyester suits– all the rage in the 70s. PET bottles are today one of the most popular uses of polyester. Polyester resin is purchased 

from Aishna fibres aliganj, lucknow.  

3.Curing or cross-linking of polyester is achieved by adding a catalyst (initiator)  at room temperature. The function of catalyst is to 

speed up a chemical reaction by providing an alternate reaction pathway with lower activation energy. In this work,  Methyl Ethyl 

Ketone Peroxide (MEKP) catalyst is used. Catalyst is collected from Aishna fibres aliganj, lucknow. 

4.Curing or cross-linking of polyester is achieved by adding a accelerator (promoter) at room temperature. The function of accelerator 

is to alter chemical bonds and speed up the chemical process. In this work, cobalt accelerator is used. Accelerator is purchased from 

Aishna fibres aliganj, lucknow.  
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Fig 2. (a) Coir fibre, (b) Polyester resin, (c) Catalyst, (d) Accelerator 

 

3. EXPERIMENTAL PROCEDURE 

Fabrication of composite is done by conventional method called hand lay-up method. A mold of dimension 210 × 210 × 40 mm3 is used. 

Mold releasing silicon spray is applied to mold releasing sheet because the purpose of releasing agent is to facilitate easy removal of the 

composite from the mold after curing. Take the required mass of polyester resin in a measuring jar , add required amount of catalyst to 

the resin and stir it fast and then add required amount of accelerator to the mix and stir it fast which is shown in fig 3.1(b)&(c). Extreme 

caution should be taken in ensuring that the catalyst and accelerator does not get into direct contact with each other, else they both react 

chemically extremely rapidly. Immediately apply this paste on bottom of the fibres and then on the top of the fibers which are filled in 

the mold, otherwise it would solidify rapidly in the measuring jar itself. To ensure that no air bubbles are trapped inside, take a 

transparency sheet and cover it over the mold immediately by using rolling operation. This mixture is allowed to set inside the mould 

under the weight of 20 kg for 24 hrs until the composite cures which is shown in fig 3.1(d). Fig 3.2(a) shows the final composite sheet 

after curing  and fig 3.2(b) shows cutting of composite sheet into desired specimen for mechanical and thermal test. 

   

Fig 3.1 Fabrication of Composite: (a)materials, (b)weighing of polymer, (c)mixing of polymer with catalyst and accelerator, (d)composite sheet under pressure. 
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  Fig 3.2 (a) Prepared composite sheet, (b) Cutting of composite sheet into desired specimen 

 

4 RESULTS AND DISCUSSION 

4.1 Effect of different fibre loading on hardness test:  

The effect of different coir fibre loading on hardness in coir polyester reinforced composite is shown in fig 4.1(a) and hardness test 

samples are shown in fig 4.1(b). Brinell hardness testing machine is used for measuring the hardness of the composite samples. The 

specification of the specimen is 75mm×10mm×10mm were prepared. The hardness behavior of coir fibre reinforced composite was 

studied based on hardness strength. The average values of hardness for composite samples are plotted. It can be observed that the 

hardness were improved for all composite samples, but the rate of increase is higher in 10%-15% coir fibre loading as compared to 15%-

20% coir fibre loading. Researchers also reported increase/decrease of hardness for different fibre reinforced composite. Biswas et al. 

carried out a study on the significance of fiber length on the mechanical character of coir/epoxy composite and found that the hardness 

of the composite decreases by increasing length of fiber up to 20 mm and then after it increases. 

 

Fig 4.1 (a): Bar Chart for Hardness at different fibre loading 
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Fig 4.1 (b) : Hardness test samples 

4.2 Effect of different coir fibre loading on tensile test: 

The effect of different coir fibre loading on tensile test in coir polyester reinforced composite is shown in fig 4.2(a) and tensile test 

samples are shown in fig 4.2(b). Tensile testing machine is used for measuring the tensile strength of the composite samples. The 

specification of the specimen is 120mm×10mm×10mm were prepared. The tensile behavior of coir fibre reinforced composite was 

studied based on tensile strength. The average values of tensile test for composite samples are plotted. It can be observed that the tensile 

strength were improved for all composite samples, but the rate of increase is higher in 10%-15% coir fibre loading as compared to 15%-

20% coir fibre loading. Researchers also reported increase/decrease of hardness for different fibre reinforced composite. Rout et al. 

reported increase of tensile strength due to surface treatment. Where Rozman et al. reported  that tensile properties were not at all 

improved where lignin was incorporated as a compatibilizer. 

 

Fig 4.2 (a): Bar Chart for Tensile strength at different fibre loading 
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Fig 4.2 (b) Tensile test samples 

4.3 Thermal effect of different coir fibre loading on impact test: 

The effect of different coir fibre loading on impact test in coir polyester reinforced composite is shown in fig 4.3(a) and impact test 

samples are shown in fig 4.3(b). Izod impact testing machine is used for measuring the impact strength of the composite samples. The 

specification of the specimen is 75mm×10mm×10mm with notch depth of 2 mm and a notch of angle of 45° were prepared. The impact 

behavior of coir fibre reinforced composite was studied based on impact strength. This specimen of 75mm×10mm×10mm was kept in 

oven for 30 minutes at 50ºC and 100ºC. three different samples of 10%,15% and 20% of coir concentration  at three different 

temperatures 28ºC,50ºC and 100ºC were subjecting to impact testing. It was observed that at room temperature the impact strength 

values was higher at 10%-15% coir fibre loading as compared to 15%-20% coir fibre loading, similarly for 50ºC and 100ºC these values 

were continuously increased. Many researchers reported thermal impact of different temperatures on impact strength. Similarly Zafer 

Ozdemir and Osman Selim Turkbas studied the impact strength at various condition.    

 

Fig 4.3 (a): Bar Chart for Impact Strength at different fibre loading 

 

Fig 4.3(b):  Impact test samples 
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5. CONCLUSION 

In this study, test were conducted to determine the mechanical properties of coir polyester composite and the thermal effect of different 

temperatures on impact strength; following conclusions were drawn: 

1. There was a good improvement in the tensile strength after reinforcing with coir fibre. There was an increase of about 30 to 40% in 

the tensile strength. With increase in the fibre loading there was good improvement in all three cases but the increase from 15% to 20% 

loading was not very significant as in case of 10% to 15% loading. 

 

2. The hardness test was conducted showed great improvement at 10% loading. The hardness improved at 10%-15% loading but after 

loading with 15%-20% the improvement was minor. 

 

3. The impact strength improved to about 20-30% with increase in fibre loading.  

It was observed that at room temperature (28ºC) the impact strength increased from 20 to 23.2. it can also be observed from table6.3 the 

values of impact test increased, but the % change in values from 10-15% fibre loading is 2.8 which further gets limited to only 0.4 

change  from 15-20% fibre loading. 

At 50ºC  the values increases from 20.4 to 23 at 10-15% fibre loading and 23 to 23.8 at 15-20% fibre loading. 

Similarly for 100ºC the values were continuously increased from 21.2 to 24.2 at 10-15% fibre loading and remain constant at 15-20% 

fibre loading. 
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