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Abstract— Composite materials are extensively used in the 

day-to-days life due to the main properties like high stiffness, 

less weight, corrosion resistance, good fatigue strength, 

dimensional constancy and these properties cannot be 

encountered in the conventional alloys. Composites material 

is formed by the amalgamation of fiber with the matrix 

structure. Fibers can be created either with the synthetic 

materials such as metals, glass, carbon, aramid etc., nor with 

the natural fibers such as jute, coconut, banana, pineapple 

etc., Natural fibers have been selected widely for the 

exploration due to the biodegradable properties, abundant 

availability and many more compare to the synthetic fibers. 

Coconut fiber is one of the natural fibers, plentifully available 

in tropical areas which can be easily extracted from raw 

coconut husk. Composite material with the combination of 

Coconut fiber and PVC plastic are studied in this paper. The 

paper designates about the fabrication of the composite 

material and study the following mechanical properties, 

Tensile strength, Flexural strength and Compressive strength 

with the different combinations made in the coconut fiber 

composite material and the results are expected to be better 

than the present coconut fiber composite materials.  
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I. INTRODUCTION 

A Composite material is a constitution two or more materials 

with significance difference in the physical and chemical 

properties that, varies the individual material behavior in to a 

different behavior. The suitable combination of materials is 

depends upon the necessary application avenues. The rich 

availability of natural fiber gives attention on the 

development of natural fiber composites mainly to explore 

suitable application. Reinforcement with natural fiber in 

composites has recently gained attention due to low cost, easy 

availability. Mechanical properties of natural fibers, 

especially flax, hemp, jute and sisal, are very good and may 

compete with glass fiber in specific strength and modulus.  

Rather than superior corrosion resistance, composite 

materials exhibit good resistant to temperature extremes and 

wear, especially in industrial settings. Natural fiber 

composites are also claimed to offer environmental 

advantages such as reduced dependence on non-renewable 

energy/material sources, lower pollutant emissions, lower 

greenhouse gas emissions, and enhanced energy recovery and 

of life biodegradability of components. The main objective of 

this project is to fabricate a composite material using coconut 

fiber and PVC plastic plates which is used to replace the 

wooden boards. And increase the life of that composite 

material. Then replace the wood material in respective 

applications. 

II. CONCEPT AND DESIGN 

Coconut which having a scientific name of Cocos nucifera 

and it is get from the Palm (coconut) trees and belongs to the 

Arecaceae family. The Coconut fiber is pull out from the 

outer shell of a coconut and classified based on matured 

condition. The matured coconuts fibers are brown in colour 

which are thick, having good strength and abrasion 

resistance, while the immature fibers are white in colour 

which are light, smooth and weaker. Coconut fibers are 

commercial available in three forms, namely bristle (long 

fibers), mattress (relatively short) and decorticated (mixed 

fibers). These different types of fibers have different uses 

depending upon the requirement. In engineering, brown 

fibers are mostly used. There are many general advantages of 

coconut fibers e.g. they are moth-proof, resistant to fungi and 

rot, provide excellent insulation against temperature and 

sound, not easily combustible, flame-retardant, unaffected by 

moisture and dampness, tough and durable, resilient, springs 

back to shape even after constant use, totally static free and 

easy to clean. A number of investigations have been 

conducted on several types of natural fibers such as kenaf, 

hemp, flax, bamboo, and jute study the effect of these fibers 

on the mechanical properties of composite materials. Mansur 

and Aziz studied bamboo-mesh reinforced cement 

composites, and found that this reinforcing material good 

enhance the ductility and toughness of the cement matrix, and 

increase significantly its Tensile, Flexural and Impact 

strengths. On the other hand, jute fabric-reinforced polyester 

composites were tested for the evaluation of mechanical 

properties and compared with wood composites and it was 

found that the jute fiber composite has better strengths than 

wood composites. 

A pulp fiber reinforced thermoplastic composite was 

investigated and found to have a combination of stiffness 

increased by a factor of 5.2 and strength increased by a factor 

of 2.3 relative to the virgin polymer. Mechanical properties 

of banana-fiber –cement composites were investigated 

physically and mechanically by Corbiere-Nicollier. It was 

reported that Kraft pulped banana fiber composite has good 

flexural strength. Sisal fiber is fairly coarse and inflexible. It 

has good strengths, durability, ability to stretch, and affinity 

for certain dyestuffs and resistance to deterioration in Sea 

water. Sisal ropes and twines are widely used for marine, 

agricultural, shipping, and general industrial use. 

Natural fibers such as Banana, Cotton, Coir, Sisal 

and jute have attracted the attentions of scientists and 

technologists for application in consumer goods, low cost 

housing and other civil structures. It has been found that these 

natural fiber composites possess better electrical resistance, 

good thermal and acoustic insulating properties and higher 

resistance to fracture. Nowadays, there is an increasing 
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environmental consciousness and awareness of the need for 

sustainable development, which has raised interest in using 

natural fibers as reinforcements in polymer composites to 

replace synthetic fibers. The advantages of natural fibers 

include low cost, low density, unlimited and sustainable 

availability, and low abrasive wear of processing machinery. 

Many investigations have been made on the potential of the 

natural fibers as reinforcements for composites and in several 

cases the result have shown that the natural fiber composites 

own good stiffness, but the composites do not reach the same 

level of strength as the glass fiber composites. 

A. Chemical treatment of Coconut fibers: 

The green coconut fibers are chemically treated with H2O2 

and NaoH chemicals at varies concentration levels. The 

purpose of chemical treatment is to remove the moisture 

content of green coconut fiber and to improve the tensile 

strength of raw coconut fiber. The green coconut fibers 

(100g) were pre-treated with 1L alkaline solution which is 

prepared in different concentrations as 2, 3 and 4% of NaoH 

,for an hour under constant stirring and for 24 hr at room 

temperature and then dried in open air for 6 to 7 days. 

Thereafter fibers are tested for its tensile strength. From the 

experimental results it is found that, green coconut fiber 

treated with NaoH 2% concentration has the highest tensile 

strength of 42.09 Mpa 

B. Composite fabrication 

The composites were produced using green coconut fiber as 

a reinforcement and HDPE (High Density Ply-Ethylene) as a 

matrix material. Exhaustive literature review on mechanical 

behavior of polymer composites reveals that parameters viz., 

fiber length and fiber volume fraction etc., largely influence 

the mechanical behavior of polymer composites. Three levels 

of composite materials are fabricated based on the volume 

fraction and fiber length and the details are mentioned in the 

Table 1. 

Fiber volume fraction  (Vf) 

% 

Level 

1 

Level 

2 

Level 

3 

30 40 50 

Fiber length in mm 3 6 9 

Table 1: Composite Material fabrication Levels 

The treated fibers were chopped of length 3, 6 and 

9mm length. The proper proportion of fiber (30%, 40% and 

50% by weight for each of 3, 6 and 9mm) and HDPE were 

then properly blended to have homogeneous mixture. The 

mixture is then placed in the barrel of a hand injection 

maintained. During this temperature maintenance the resin 

started melting and the molten material injected by means of 

pressure in to the die. The work piece is removed from the die 

after the pressure is released and curing process is carried out 

using water. The inner cavity of the dimensions of the mould 

is 163x12.5x6mm. 

III. FABRICATING COMPOSITES 

Brief introduction about the materials used in the Fabrication 

of Composite are as follows, 

A. Coconut fiber 

Fiber extracted from coconut husk is called coir which can be 

seen in between the shell and the coconut outer layer. These 

brown cellulose fiber cells are narrow and thick which are 

hardened up from the light immature fiber. The approximate 

length of the fibers are 10 - 30 c.m. 

B. Polyester resin 

Polyester resins are unsaturated synthetic resins which can be 

formed by the reaction of dibasic organic acids with 

polyhydric alcohols. 

C. PVC plates 

Polyvinyl chloride (PVC) is a extensively used synthetic 

plastic polymer which are in rigid and flexible form. The rigid 

form is widely used of PVC is used in many applications like 

plumbing, bottles, doors etc., The flexible form of PVC can 

be made by adding plasticizers and it can be used as a wire 

insulator. 

D. Coconut husk powder 

Matured coconut shells are used to produce the shell powder 

which having many applications of use in plywood, mosquito 

coils and agarbathis due to the chemical composition, water 

absorption and fungal resistance. 

The fabrication of composite material is based on the 

following processes 

a) Cleaning & Drying: 

Initially the fiber is removed from the coconut shell and 

filtered in the machine to separate it from the dust particles. 

After that the fiber is dried under the sun light to remove the 

moisture content. 

b) Cutting: 

The moisture-free fibers are chopped in to the approximate 

length of 1 to 2 c.m and again filter is used to remove the 

unwanted particles. 

c) Molding: 

The fibers are arranged in a mold that is filled with polyester 

resin. The polyester resin used to bind the fibers to improve 

its strength and the mixture is dries in sunlight. 

d) Preparation of coir- coconut husk powder 

composite: 

The percentage of resin, coir and coconut husk powder to 

produce a composite mixture are 65-17.5-17.5. For this 

mixture, the necessary amount of resin is 195 grams and coir 

& coconut husk powder are 52.5 grams each. 

Three drops of accelerator (6%) is mixed thoroughly 

with the resin and then the coir and coconut powder are 

mixed. The resin mixer is poured in the mold after applying 

wax and a catalyst is poured (three drops) in the mixer and 

compression load is applied for the material to get hardened 

composite plate. 

e) Preparation of coir-PVC plates composite: 

The selected percentage of ratio of resin and coir is 65-35. For 

that, 195 grams of resin and 105 grams of coir is used. Three 

drops of accelerator (6%) is mixed thoroughly with the resin 

before the coir is mixed with the resin and these mixer is 

poured in the mould after applying wax. Now the catalyst is 

poured (three drops) in the mixer and finally compression 

load is applied for the material to get hardened. 
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f) Lamination: 

In the lamination process, the coir and resin mixed composite 

material of two specimens are taken. First Specimen: Two 

PVC plates of 2mm thickness is laminated above and below 

the plate. And Second specimen: Two PVC plates of 5mm 

thickness is laminated above and below the plate. 

IV. TESTING & RESULTS 

Test Specimen Preparation 

A. Specimen Type 1 

Coconut Fibre Mixed With Coconut Husk Powder. 

The following tests are carried out in the specimen type 1 to 

study the behavior under mechanical loading 

a) Tensile Test: 

ASTM D-3039 standard is chosen for tensile test. The 

dimension of the test specimen is 250x25x3 mm. 

b) Compression Test: 

 ASTM standard is chosen for compression test. The 

dimension of the test specimen is 150x25x3 mm. 

c) Flexural Test: 

ASTM D-790 standard is chosen for compression test. The 

dimension of the test specimen is 125x13x3 mm. 

B. Specimen Type 2 

Coconut Fibre Laminated With Plastic Sheet 

The same three test were performed with the same 

dimensions followed in the Specimen Type 1. 

C. Specimen Type 3  

Coconut Fibre Laminated With Plastic Sheet 

Flexural Test: ASTM D-790 standard is chosen for 

compression test. 

 
Fig. 1: Coir-Husk Powder Composite Materials 

The dimension of the test specimen is 125x13x3 

mm. The test specimens are tested with universal testing 

machine, compression testing machine and flexural testing 

machine. 

 
Fig. 2: Coir- PVC Composite Materials 

 
Fig. 3: Coir-PVC Composite Materials 

Type 

CS 

Area 

[mm
2] 

Peak load 

[N] 

% 

Elong-

ation 

UTS 

[N/mm2] 

Specime

n 1 
75 721.41 1.333 9.6185 

Specime

n 2 
200 642.34 1.335 3.213 

Table 2: Tensile Test Results 

Tensile test results for Coir- Coconut husk powder 

composite material which withstand a maximum peak load of 

827.709 N with a maximum ultimate tensile strength of 11.036 

N/mm2 and the average ultimate tensile strength of the 

material is 9.6185 N/mm2. Average Tensile test results for 

Plastic laminated coir composite material is 755.841 N with a 

maximum ultimate tensile strength of 3.777 N/mm2 and 

average ultimate tensile strength of the material is 

3.213N/mm2. 

 
Fig. 4: Comparison of Tensile strength results of the two 

specimen types 

Compression test results for Coir- Coconut husk 

powder composite material is 3224.910 N with a maximum 

compressive strength of 42.997 N/mm2 and the average 

compressive strength of the material is 43.905 N/mm2. 

Average Compression test results for Plastic laminated coir 

composite material which can withstand a maximum peak 

load of 4720.876 N with a maximum compressive strength of 

23.603 N/mm2.The average compressive strength of the 

material is 22.519 N/mm2. 

Type 
CS Area  

[mm2] 

Peak load 

[N] 

Compressive  

Strength 

[N/mm2] 

Specimen 1 75 3292.84 43.905 

Specimen 2 200 4503.894 22.519 

Table 3: Compression Test Results 
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Fig. 5: Comparison of Compressive strength results of the 

two specimen types 

Type 

CS 

Area  

[mm2] 

Peak 

load [N] 

Flexural  

Strength 

[MPa] 

Flexural  

Modulus 

[Gpa] 

Specimen 1 39 37.774 30.509 3722.7435 

Specimen 2 112.5 45.921 5.144 161.195 

Specimen 3 306 326.433 5.6005 55.798 

Table 4: Flexural Test Results 

 
Fig. 6: Comparison of Flexural strength results of the three 

specimen types types 

Flexural test results for Coir- Coconut husk powder 

composite material. The material can withstand a maximum 

peak load of 37.994N with a maximum flexural strength of 

30.687 Mpa and the average flexural strength of the material 

is 30.509Mpa. The composite material of Plastic laminated 

coir can withstand a maximum peak load of 37.229N with a 

maximum flexural strength of 4.170 Mpa. The average 

flexural strength of the material is 5.144Mpa.For the Plastic 

laminated coir composite material. The material can 

withstand a maximum peak load of 302.315N with a 

maximum flexural strength of 5.187 Mpa and the average 

flexural strength of the material is 5.6005 Mpa. 

 
Fig. 7: Coir-Husk Powder Composite after Tensile Test 

 
Fig. 8: Coir-Husk Powder Composite after Compression 

Test 

 
Fig. 9: Coir-Husk Powder Composite after Flexural Test 

 
Fig. 10: Coir-PVC Composite after Tensile Test 

 
Fig. 11: Coir-PVC Composite after Compression Test 

 
Fig. 12: Coir-PVC Composite after Flexural Test 
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Fig. 13: Coir-PVC Composite after Flexural Test 

V. CONCLUSION 

This present work involves in fabrication of composite 

material from coconut coir, coconut powder and PVC plates 

and studied their behavior under the mechanical loading. The 

coir and coconut husk powder are made in reinforced matrix 

and PVC plates are laminated above and below coir to form 

a composite material. The test results indicate that the coir-

coconut powder composite material has a better tensile, 

compression and flexural properties compared to regular 

coconut composite material. The PVC laminated type 

composite material specimen shows good tensile, 

compression, water resistant and flexural properties. 
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