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ABSTRACT 
Natural Fibers have an outstanding potential as reinforcement in thermoplastics.  The  objectives  of  this  experiment  are  to  
evaluate  the  suitability  of producing  natural  fiber  composites  using  sisal  fiber.  This  study  deals  with  the preparation  of  
Sisal  Fiber  composites  by  using  hand  layup  method  in  which  good interfacial  adhesion  is  generated  by  a  combination  of  
fiber  modification  and  matrix methods  .In  this  type  of  project  to  determine  mechanical  properties  and  strength calculation  
identify  this  result. Composites  with  volumetric  amounts  of  fiber  in  30% were  fabricated  and  they  were arranged  in  
continuous  oriented  discontinues  form.  It was  observed  that the  effects  of  reinforcing  vinyl ester  matrix with  the  fibers  
caused the  composites  to  be  more  flexible  and  easily  deform  due  to  high  strain  values  and reduction of high resonant 
amplitude. 
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INTRODUCTION 

 

Recently, because of their extensive use in many diverse fields, plastics, including FRP (fiber reinforced 

plastics) products have become indispensable to our daily lives. However, the primary raw material used in 

plastic production is petroleum and there are strong social and economic pressures to conserve petroleum 

resources.Furthermore, because FRP wastes are non-flammable, they must be disposed of in landfills after use, 

and this contributes to high environmental loads. In order to reduce the environmental load generated from the 

disposal of used plastic products, significant attention has been placed on biodegradable plastics. These plastics 

can be completely resolved into water and carbon dioxide by the action of the microorganism, when disposed of 

in the soil. Moreover, there are no emissions of toxic gases during incineration. Recently, biodegradable plastics 

have been used in commercial products such as ball-point pens, toothbrushes, garbage bags, fishing lines, tennis 

racket strings, wrapping paper and many others. The application of biodegradable plastics has been restricted 

due to their relatively lower strength compared to conventional plastics such as poly acetal and nylon. Over the 

past few years a considerable number of studies[1-8] have been performed on biodegradable composites 

containing biodegradable plastics with reinforcements of biodegradable natural fibers. Sisal fiber is the most 

interesting products as it has the lowest thermal conductivity and bulk density. The addition of planate Sisal 

reduced the thermal conductivity of the composite specimens and yielded a lightweight product. Sisal–vinyl 
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ester composites with untreated and treated sisal fibers, and with fiber loading of 17 wt%, were tested intension, 

flexure and notched Izod impact. The results obtained with the untreated fibers show clear signs of the presence 

of a weak interface long pulled-out fibers without any resin adhered to the fibers and low mechanical properties 

were obtained. Although showing better mechanical performance, the composites with treated fibers 

present.Acetylating of sisal fibers increases the hydrophobic behavior, increases the resistance to fungi attack 

and also increases the tensile strength of sisal polyester composites. From these results, it is apparent that the 

usual fiber treatments reported so far did not significantly change the mechanical performance of sisal polyester 

composites.Sisal fibers are found between the hard, internal shell and the outer coat of a planate. The individual 

fiber cells are narrow and hollow, with thick walls made of cellulose. They are pale when immature but later 

become hardened and yellowed as a layer of lignin is deposited on their walls. Each cell is about 1 millimeter 

(0.04 in) long and 10 to 20 micrometers (0.0004 to 0.0008 in) in diameter. Fibers are typically 10 to 30 centimes 

(4 to 12 in) long. There are two varieties of sisal. Brown Sisal is harvested from fully ripened planate.While 

some properties of the fiber fraction have previously been reported, this research comprehensively quantifies 

these basic material properties for both processed coal ash and quill. The moisture contents, aspect ratios, and 

specific gravities of coal ash and quill are evaluated and compared with previously reported values. The 

chemical durability of feather fiber and quill in alkaline, near-neutral, and slightly acidic solutions is measured 

and compared with previously reported observations. The module of elasticity and tensile, flexural and impact 

strengths of feather fiber and quill are also measured and compared with previously reported values. This data 

can be used to target applications and to develop financial analyses informed by an understanding of necessary 

processing costs and potential financial benefits.  

 

2. Sisalfiber: 

Fibers as received are washed with distilled water to remove the surface dirt present in the fibers and then 

the fibers are soaked in Noah solution (1:2 by volume) and one kilogram of the fiber is soaked in 1 liter of the 

solution .Then the fibers are designated as washed fibers. The soaked fibers are dried under shade for about 48 

hrs. .then the treated fibers are dried under sun at temperature of 500c for 6hrs.Then the treated Fibers are 

straightened and cut to a length of 3cm each.  

 

 
 

Fig. 1: sisal fiber 

 

Polyester Resin: 

The term 'polyesters' is applied to many different types of resins. Three reactions are generally used for the 

synthesis of polyesters: 

 The polyesterification of dicarboxylic acids with idols or their functional derivatives;  

 Self-polyesterification reactions of hydroxycarboxylic acids and their derivatives; 

 Ring opening polymerization reactions of lactones and cyclic esters. 

 Unsaturated polyester resins are less flexible and less compatible with aromatic cross-linking agents. 

These polyesters are primarily used in composite structures where they can be reinforced with fillers such as 

glass fibers. Polyester resins are used in sheet mouldingcompound, bulkmoulding compoundand 

the toner of laser printers. Wall panels fabricated from polyester resins reinforced with fiberglass so-

called fiberglass reinforced plastic (FRP) are typically used in restaurants, kitchens, restrooms and other areas 

that require washable low-maintenance walls.Water, a by-product of etherification reactions, is continuously 

removed, driving the reaction to completion. The use of unsaturated polyesters and additives such 

as styrene lowers the viscosity of the resin. The initially liquid resin is converted to a solid by cross-

linking chains. This is done by creating free radicals at unsaturated bonds, which propagate in a chain 

reaction to other unsaturated bonds in adjacent molecules, linking them in the process. 
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Table 1: Properties of polyester resin 

Characteristics Polyester Resin 

Flexural Strength Good 

Tensile Strength Good 

Elongation % Good 

Water Absorption Good 

Hardness Good 

Pot Life 4 – 7 Minutes 

Working Time 20 – 30 Minutes 

Above Waterline Yes 

Below Waterline Yes 

Major Construction Yes 

General Repairs Yes 

Shelf Life 18 –24 Months 

Catalyst MEKP 

Cure Time 6 – 8 Hours 

 

Catalyst (Mekp): 

Methyl ethyl ketene peroxide (MEKP) is a colorless liquid. The pure chemical is unstable peroxide capable 

of releasing molecular oxygen. It is shock, sunlight, and heat sensitive, and undergoes explosive decomposition 

at 110°C. It can also undergo spontaneous ignition or decomposition if mixed with readily ox disable organic or 

flammable materials or chemical reactants. Because of this high reactivity, it is sold commercially as a colorless 

liquid mixture of approximately 60% MEKP and 40% diluents that may be any combination of 

dimethylphthalate, cyclohexane peroxide, or diallyl phthalate (ACG99, Zei93). 

 

Properties: 

 RESIN             :GENERAL POLYESTER 

 CATALYS :METHYL ETHYL KETONE PEROXIDE 

 ACCELARATOR :COBALT 93 

 PROMOTOR: DIMETHYLANILINE 

 FIBE:SISAL(80) WITH (20)COAL ASH 

 VOLUME FRACTION  :MATRIX(70) WITH REINFORCEMENT(30) 

 

Manufacturing Process: 

Initially the pattern has to be placed on the ground or table, then a surface should be made and apply 

paraffin (or) wax on the surface to easily remove the composite material after finishing the procedures, here for 

this manufacturing process OHP sheet is used as that surface. In composite material prepared of 1litre Vinyl 

resin and 20ml of promoter& catalyst and 15ml of accelerator this things stirred by 15 minutes Apply a coating 

of general vinyl ester resin on the surface that is wax coated and allow sufficient time.Then the fibers are placed 

on the resin surface in the continuous and random manner. Then after sufficient time apply the mixture of 

general vinyl ester resin and catalyst(Methyl Ethyl Ketene peroxide),promoter (dimethyl aniline) and accelerator 

(Cobalt 93) as binding agents on the surface of the fiber  

 

            
Fig. 3: Un treated Sisal fiber                                               Fig. 4: NAOH treated both sisal fiber 

 

Close the resin mixture coated surface with a laminated sheet and then with glass for smooth surface finish 

and for perfect heat transfer while reaction between resin mixtures and sisal & coal ash. The impregnated layers 

were placed in the resin matrix (12cm×30cm) and pressed heavily for 1h before removal. After 1h, the 

composites were removed from the mold and cured at room temperature for 24 hrs. The same procedure was 
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followed to prepare different types of composites then this setup lets to be standstill for approximately 

4hours.The finished product is then procured. 

 

Hand Lay-Up Technique: 

Hand lay-up is a simple method for composite production.  A mold must be used for hand lay-up parts 

unless the composite is to be joined directly to another structure.  The mold can beas simple as a flat sheet or 

have infinite curves and edges.  For some shapes, molds must be joined in sections so they can be taken apart 

for part removal after curing.  Before lay-up, the mold is prepared with a release agent to insure that the part 

will not adhere to the mold. Reinforcement fibers can be cut and laid in the mold. It is up to the designer to 

organize the type, amount and direction of the fibers being used.  Resin must then be catalyzed and added to the 

fibers.  A brush, roller or squeegee can be used to impregnate the fibers with the resin.  The lay-up technician is 

responsible for controlling the amount of resin and the quality of saturation. Other fabrication processes such as 

vacuum bagging, vacuum resin transfer molding and compression molding can be used with hand lay-up to 

improve the quality of the finished part or save time. Compression molding may follow the first steps of hand 

lay-up, but normally the process will be much more complicated.  The mold for a compression-molded part 

must be design for proper routing of excess resin.  

 

    
Fig. 5: Mould Pattern                                                                  Fig. 6: Fiber Placed On Mould 

 

A male and female mould will be necessary.  They can both be solid moulds or a bladder mould can be used 

to compress into the other mould.  Once fabrication techniques have been organized, the production process can 

begin.  First the moulds must be prepared with a release agent.  Then fibers must be cut and placed on the 

surface of one or both of the moulds 

   
Fig. 7: Resin Mixer                                                        Fig. 8: Hand lay-up technique  

 

Initially the pattern has to be placed on the ground or table, then a surface should be made and apply 

paraffin or wax on the surface to easily remove the composite material after finishing the procedures, here for 

this manufacturing process OHP sheet is used as that surface. In composite material prepared of one liter vinyl 

resin and 20 ml of promoter & catalyst and 15 ml of accelerator this things stirred by 15 minute apply a coating 

of general vinyl ester resin on the surface that is wax coated and allow sufficient time. Then randomly spread 

the fibers on the resin surface in the discontinuous and random manner. Then after sufficient time apply the 

mixture of general vinyl ester resin and catalyst (Methyl ethyl ketone peroxide), promoter (dimethyl aniline) and 

accelerator (cobalt 93) as binding agents on the surface of the fiber. Close the resin mixture coated surface with 

a laminated sheet and then with glass for smooth surface finish and for perfect heat transfer while reaction 

between resin mixtures and coir fibers. The impregnated layers were placed in the matrix (27cm x 27cm) and 

pressed heavily for 1 hour before removal. After 1 hour, the composites were removed from the mold and cured 

at room temperature for 24 hour. The same procedure was followed to prepare different types of composites 

then this setup is left to be standstill for approximately 4 hours. The finished product is then procured.The two 

molds are then joined and adequate pressure can be applied by air or mechanical force.  If the mold is set up 

properly, the desired amount of resin will disperse throughout the fibers 
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Testing Of Sisal Reinforced Material: 

The sisal reinforced fiber is tested by Universal Testing machine, Hardness testing machine, impact testing 

machine. Its helps to identify the properties of the composites reinforced fiber. The following test are carried out 

by using above machines HARDNESS TEST, IMPACT TEST,TENSILE TEST,FLEXURAL TEST,FTIR 

TEST and SEM TEST. 

 

6.1Hardnesss Test: 

 
Table 1.1: Hardness Specifications 

Scale Symbol INDENTER INDENTING LOAD SPECIMEN 

L HRL ¼ inch diameter steel ball 100 kgf Sisal composite material 

 

Rockwell Hardness Number (RHN): 126: 

6.2impact Test: 

Calculation for Impact Strength:  

From the above procedure, energy absorbed by the specimen is 1.8J and therefore Impact Strength =energy 

absorbed by (joule)̸ cross sectional area m2 =   

Impact strength =39.68kj/m2. 

 

6.3 Tensile Test: 

 

Table 1.2: Tensile test 

SI.No 
Fiber size 

in mm 

Tensile Strength 

(KN) 

1 260x24x5 1.420 

 

6.4 Flexural Strength: 
 

Table 1.3: Flexural test for sisal composite 

SI.No Fiber length(mm) 
Flexural 

Strength(KN) 

1 119.5 0.086 

 

6.5 Tension Test Result For Sisal Composites: 

 

 
Fig. 9: Tension test result 
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6.6 Flexural test for sisal composite: 

 

 
Fig. 10: Result of Flexural plot 

 

6.6 FTIR: (Fourier Transform Infra-Red):  

 

 
Fig. 11: Result of FTIR 

 

6.5 SEM: (Scanning Electron Microscope): 

 

  
Fig. 12: SEM Test result  

 

7.Test Result for Sisal Fiber: 

 
Table 1.4: Test Result for Sisal Fiber 

Specimen Impactstrength 

 

Tensile strength Flexural strength Hardness  

Number 

NAOH Treated specimen  
39.68kj/m2 

 

 
1.42KN 

 
0.086KN 

 

 
126 

 

Conclusion: 

Based on the test analysis of the new composite material which is fabricated with an ingredient of NAOH 

treated sisal and vinyl ester resin have higher strength than the other composite materials. Since the sisal ash is 

conventional in nature it is very cheaper and easy to fabricate and use. Bio-composites were prepared with the 

help of sisal fiber and epoxy and hardener using handmade mould.  
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 Tensile strength results indicate that the aspect ratio of fiber fraction particles was too low to allow for 

a precise characterization of their tensile strength1.420KN is more than sisal composite. Hardness test indicates 

that they are more flexible due to high strain values and reduction of resonant amplitude.  

 Impact test result indicate energy absorption is  1.8 joule and impact strength 39.68 kJ/m2   is more  than 

existing composite like coir and banana. 

 Hardness test result indicates that the Rockwell hardness number 126 is more than banana fiber. 

 In flexural test has been determined for1cm length of sisal, hence the test of sisal is more 

efficient86.61N is more than Existing composite like coir and banana. 

 From FTIR graph the chemical composition of both the fibers are determined. From all above 

characterization it is concluded that after the sisal fiber becomes more efficient for binding with matrix for 

making composites.  

 From all above characterization it is concluded that after the sisal becomes more efficient for binding 

with matrix for making composites. 

 Because of the strength of the material it is applicable in the field of automobiles. The Low load 

automobile components can be replaced by sisal composites by two reasons namely, low cost and ease of 

decomposability. Since this new material is flexible in environment and eco-friendly they do not promote any 

environmental pollution and the wastage materials is also used in the environment. 
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