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This paper describes the research work carried out with natural composites of Jute-Palm 
fruit-jute (J-P-J) and Sisal-Sisal-Sisal (S-S-S) fibers at different orientation are prepared 
with polymer resin. Natural fibers are collected from local farmers and extracted to our 
required size also cleaned, treated as per our requirement. Specimens were prepared with 
ASTM Standards and are tested to evaluate tensile strength, Flexural strength and Impact 
strength. Woven mat technique and Hand lay-up technique is followed at room 
temperature to mould the specimen. The weight fractions of fibers are equal(50:50)% for 
all the fibers used in the experimental analysis. Flexural, tensile and Impact properties of 
hybrid composites were analyzed. The result shows the energy absorbed by the jute-palm-
jute composite is more than the other for equal weight fractions. 
 
KEYWORDS: Jute, Palmyara, Sisal, polymer resin, Hardener, Woven mat, tensile 
strength, Flexural strength and Impact strength.J-Jute,S-Sisal,P-Palm. 
--------------------------------------------------------------------------------------------------------- 
I. Introduction 

Increasing demand and interest in using natural fibers from different area has throwing 
the research in the field to innovate for the application of more kind. Natural fiber have 
more advantages to use in engineering applications. Automotive sector plays major role 
to adopt green materials in its different parts. 

Zero emission norms, scarcity of raw material and environmental friendly status 
emphasis the use of natural fibers. However, recently, deforestation scarcity in agriculture 
field we need to renew the future. Natural fiber composites have many applications 
because of their ease of fabrication, low prize, and high mechanical properties and 
environment friendly as compared with metal and plastic materials. 
  

Studies on the mechanical properties of natural fiber reinforced polymer resin have 
shown that fiber length distribution, orientation, type of resin, curing time/method and 
use of hybrid composites plays major role in determining the mechanical properties. 
Present study investigates whether the  palmyara and its hybrid fibers with polymer 
binder can be effectively used to replace the plastics. Sisal-Sisal-Sisal mat and Jute-
palmyara-jute is prepared by woven and hand lay up technique and the results were 
compared. 

 

Abstract 
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 The purpose of this work is to develop the material with biodegradability, high strength 
and excellent mechanical properties of palmyara fibers at different configuration and 
hybridization. Palmyara fruit fiber is reinforced between the woven jute mats and is 
molded with vinyl Easter by hand layup technique. Sisal woven plates of three layers are 
laminated and are molded with vinyl ester.  
 
Use of natural fibers with polyester ,FRP, Glass and carbon fibers receiving attention 
because of biodegradability ,renewability ,less weight, and low cost etc., Continuing 
research [1] –[9] have investigated the development of natural fiber composites such as 
banana .[1]Venkateswaran & A.Elayaperumal reviewed the Banana fiber reinforced 
polymer composites[2]N.Venkateswaran & A.Elayaperumalstates the Mechanical and 
water absorption properties of woven jute/ banana hybrid composites[3]M.Sakthivel & 
S.Ramesh  indicates the Mechanical properties of Natural fiber (Banana,Coir,Sisal) 
[4]Hafsat R.Saliu,U.S.Ishiaku &Yakubu discussed the effect of epoxy coated kenaf fiber. 
[5]Shinji Ochi-Flexural properties of long Bamboo fiber/ PLA  composite- [6]Warenyou 
Sridash,Songklanakarin. Pulping and Paper properties of palmyara palm fruit fibers [7] 
R.Velmurugan & V.Manikandan –Mechanical properties of Glass / Palmyara fiber waste 
sandwich composites [8]Koronics.G.,Silva.A, Fontal.M-Green composites, [9]Narayan 
C.Nayak ,Antanyami mishra- Mechanical characterization of palmyara fruit fiber 
Reinforced Epoxy composites were discussed. 
 
II. Materials and Methods 
II.I. Materials: 

In this research, fiber bundles of 100 to 300 µm and length of 100 mm were used. 
Following figure shows the macroscopic photograph of fibers used for this work. Stem 
explosion method is used to take out the fibers. Stem explosion is the method of applying 
temperature and pressure on it to evaporate water and to extract fiber. 
II.II. Molding Method 

First, preliminary composites were produced by putting the biodegradable resin on 
the surface of fibers and drying at atmospheric pressure. Next biodegradable composite 
specimens were fabricated by applying pressure through a roller. 
II.III. Weaving of fiber 

For applications where more than one fiber orientation is required, a fabric 
combining 0º and 90º fiber orientation is useful. Woven fabrics are produced by the 
Interlacing of warp (0º) fibers and weft (90º) in a regular pattern. The fabric’s integrity is 
maintained by the mechanical interlocking of fibers. 
 
III. Working Method 
III.I. Preparation of Sisal Fiber mat. 
III.I.I. Extraction of fiber: 

 After the aforementioned process sisal leaves are soaked in the normal water for 14 
days. After two weeks the leaves are taken out from the water and dried under sun light 
for another two weeks. Then the dried leaves are soaked in to water for two days. Now 
the fiber is easily extracted from the processed leaves by hand. 
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Fig 3.0.Extraction of fiber 

III.I.II. Treatment of fiber after extraction: 

 NaOH solution is made by mixing 6% of NaOH and 94%of distilled water in a 
container. Fibers  
are lost its old strength due to the extraction process. To retain its strength they are soaked 
in the NaOH solution for few hours. We are making the process for 4 hrs. Now the fibers 
are washed in running water which removes the unwanted particles from the fibers.  
Average diameter, length and cross sectional area of fiber are 0.09mm ,300 mm and 
0.03mm2 

 
III.I.III. Weaving of fibers: 

Fibers are combined together to form a thread which makes it very stronger 
compared to individual fibers. These threads are forming a mat by weaving them 
.Dimensions of the mat are 400 × 400 × 0.8mm(l×b×t).Plain weaving method is used in 
our project, in plain weaving method each warp fiber passes alternately under and over 
each weft  fiber. The fabric is symmetrical, with good stability and reasonable porosity. 
With large fibers this weave style gives excessive crimp and therefore it tends not to be 
used for very heavy fabrics. It gives nice grip to individual threads. 
 
III.I.IV. Mould Preparation: 

Sisal mat is placed on the polythene sheet which is present on the floor. Resin is 
applied as a layer on the mat using brush. Another sisal mat is placed on the resin layer 
parallel to the previous mat. Resin (Vinyl ester) is applied on the second layer of sisal mat 
then the Third layer of sisal mat is placed on the resin parallel to the first sisal mat then 
3rd layer of resin is applied on the sisal mat. Again a polythene sheet is placed on the 
material to remove the air bubbles by applying roller force. Leave the set up as it is for 24 
hours for curing. 
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Table -3.1 Test values of S-S-S fiber sample 

Test Parameter Value 

Flexural  Test 

Guage width  23.40  mm 

Guage Thickness 3.09  mm 

Original cross Sectional 
area 

72.31  mm2 

Flexural Load 0.160 KN 

Flexural strength 85.93 Mpa 

Displacement of specimen 10.7 mm 

Table -3.1a Flexural Test values of S-S-S fiber sample 

Tensile Test 
Guage width  22.06  mm 
Guage Thickness 3.01  mm 
Original cross Sectional 
area 

66.40  mm2 

Ultimate tensile Load 2.42 KN 
Ultimate tensile strength 36 MPa 
Displacement of specimen 2.05 mm 

Impact test(Charpy) 
Length of the specimen 75mm 
Breadth of the specimen 10mm 
Thickness  of the 
specimen 

3mm 

Test temperature 24ºC 
Absorbed energy 2 J/cm 

 

III.I.V. Size of the specimen: 

After removing the material from the mould it is cut to the required dimensions to carry 
Tensile, Flexural and Impact tests.(Length × Width × Thickness)  All the Dimensions are 
in mm. 
Flexural Test specimen:200×25×3Tensile Test specimen:250×25×3 Impact test 
specimen75×25×3 
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III.II. Preparation of Jute-Palm fiber 

III.II.I. Collection of palm fruit fiber: 

Fibers are taken from the outer surface of the palm fruit which can be obtained by drying 
the fruit for continuously 2-3 weeks in sun light. It has very low specific weight and high 
strength. As the result the toughness of the material has been increased. 
 

 
 
III.II.II. Preparation of Jute Mat: 

Jute fibers are bought from the market and are woven as mat through bi lateral 
pattern to increase the strength. Weaving is a process of interlacement of two series of 
threads called “wrap” and weft yarns to produce the fabric of desired quality. There are 
separate looms for hessian and sacking in weaving section. The hessian looms, shuttle 
which contents cops (weft yarn) is manually changed. Jute fiber is an insulating fiber and 
can be blended with natural and synthetic fibers. 
 
III.II.III. Mould Preparation: 

Two layers of woven jute mats (Bilateral) are placed on the molding bench and 
are arranged Uni- directionally, in between these mats treated palm fruit fibers are laid. 
While keeping each and every layer of fiber the application of resin is mandatory to 
reduce the blow holes which will form during molding. The resin (Vinyl-Ester) is applied 
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in each step. Finally a polythene plate is placed on it and a roller is used to press over it. 
This set up is left for 24 hours as it is. It is cut by standard dimensions later on to meet the 
ASTM standards. 

 

Table -3.2 Test values of Jute-Palmfruit-Jute fiber 

Test Parameter Value 
Flexural  Test  

Guage width  32.67  mm 
Guage Thickness 9.57  mm 
Original cross Sectional 
area 

312.65  mm2 

Flexural Load 1.67 KN 
Flexural strength 61.10 Mpa 

Tensile Test  
Ultimate tensile Load 6.79 KN 
Ultimate tensile strength 22 MPa 

Impact test(Charpy)  
Test temperature 24ºC 
Absorbed energy 20 J/cm 

Test Parameter Value 
Flexural  Test  

Guage width  32.67  mm 
Guage Thickness 9.57  mm 
Original cross Sectional 
area 

312.65  mm2 

Flexural Load 1.67 KN 
Flexural strength 61.10 Mpa 

Tensile Test  
Ultimate tensile Load 6.79 KN 
Ultimate tensile strength 22 MPa 

Impact test(Charpy)  
Test temperature 24ºC 
Absorbed energy 20 J/cm 
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III.II.III.I. Resin-Vinyl Ester: 

Vinyl ester is a resin produced by the esterification of an epoxy resin with an 
unsaturated monocarboxilic acid. The reaction product is then  dissolved in a reactive 
solvent such as styrene to  a 35-45 percent content by weight. It can be used as an 
alternate to polyester and epoxy materials in matrix or composite materials. Vinyl ester is 
has lower resin viscosity (200 cps approx) than polyester(500 cps approx) and epoxy (900 
cps approx). 

Vinyl ester provides excellent resistance to water, organic solvents and alkalis but 
less resistance to acids than polyesters. It is stronger than polyesters and more resilient 
than epoxies. The double bonded vinyl groups give the entire matrix a toughness that 
exceeds polyesters. As with polyesters, vinyl esters are not practical without additives, 
reinforcements and fillers. 

 
As with polyesters, strength to weight ratio is very good and because of its low 

density (1.80 grams/ cc approx), It often replaces metal parts that are close to 5X  heavier. 
 
After removing the material from the mould it is cut to the required dimensions to 

carry Tensile, Flexural and Impact tests.(Length × Width × Thickness) All the 
Dimensions are in mm. 

 
 
IV. TESTING OF COMPOSITES: 

4.1. Flexural test  
4.2. Tensile test   
4.3. Impact test 
Jute- Palm-Jute composite 
 

Jute mat 

Palm fruit fiber 

Jute mat 
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V. Result and Discussion 

Thus the results of jute –palm fruit –jute composite is compared with sisal –sisal-sisal 
woven mats. 

Table -5.1 Flexural, Tensile & Impact test values of composite samples 
 

Test Parameter Values  
(JPJ) 

Values  
(SSS) 

Flexural  Test   
Guage width  32.67  mm 23.40  

mm 
Guage Thickness 9.57  mm 3.09  

mm 
Org cross Sec area 312.65mm

2 
72.31  
mm2 

Flexural Load 1.67 KN 0.160 
KN 

Flexural strength 61.10 Mpa 85.93 
Mpa 

Tensile Test   
Ultimate tensile 
Load 

6.79 KN 2.42 KN 

Ultimate tensile 
strength 

22 MPa 36 MPa 

Impacttest(Charpy)   
Test temperature 24ºC 24ºC 
Absorbed energy 20 J/cm 2 J/cm 

The following graph shows the loads (Flexural, Tensile and Impact) on sisal-sisal-sisal  
composite  with Jute-palmyara-Jute  composite. 
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Figure -5.1 Flexural Load, Tensile load & Impact load values of composite samples 
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Figure-5.2 Flexural Strength, Tensile Strength & Impact Strength values of 

composite samples 
 

VI. Conclusion: 

 The mechanical properties of woven mat of S-S-S fiber and J-P-J fiber were 
studied and the tested values are tabulated. High strength bio degradable composite 
properties such as flexural, tensile and impact strengths of S-S-S woven plate molded 
with vinyl ester is tested and the results were compared with the JPJ fiber reinforced with 
vinyl ester, the second one posses high toughness. The comparative table shows results of 
JPJ and SSS composies.JPJ composite absorbs  more energy when compared to S-S-S 
woven fiber composite      ( 20 joules as mentioned above).Optimum  strength is achieved 
when 50:50 % of weight  of fiber with vinyl ester. Above graphs shows the flexural, 
tensile and impact loads of  JPJ composite is higher than SSS composite. Comparative 
graph shows the flexural, Tensile and impact strengths of JPJ composite is quite high.  
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