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Abstract—The aim of the project is to fabricate a table tennis bat by polymer reinforced composite materials. The bat is made using 

Epoxy resin reinforced with pineapple leaf fiber. These agricultural wastes can be used to prepare fiber reinforced polymer 

composites for commercial use. Pineapple fiber can be obtained for industrial purposes without any additional cost. The main 

advantages of these fibers are their low cost, low density, high specific strength and modulus, renewable nature, and comparatively 

easy process ability. This project also deals with studying the properties of the composite material made. Various test are carried 

out to find the mechanical properties of the composite material. Finally the other possible application of the composite material 

made is found on the bases of the testing and evaluation done. 
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I. INTRODUCTION 
 

Pineapple Leaf Fiber (PALF), is a waste product of 

pineapple cultivation. Hence, pineapple fiber can be 

obtained  for  industrial  purposes  without  any  additional 

cost. Over the past decade, cellulosic fillers have been of 

greater interest as they give composites improved 

mechanical properties compared to those containing non- 

fibrous fillers. Natural fibers are plant based which are 

lignocellulose in nature and composed of cellulose, 

hemicelluloses, lignin, pectin and waxy substances. 

Cellulose   gives   the   strength,   stiffness   and   structural 

stability of the fiber, and is the major framework 

components of the fiber. The lignin, hemicelluloses and 

pectin provides the adhesive to hold the cellulose framework 

structure of the fiber together. Natural fibers possess 

mechanical, thermal and electrical properties that can justify 

their uses in many applications. Study on mechanical, 

thermal and electrical properties of composites helps to 

analyze the properties of materials to assess strength, 

ductility, fatigue, thermal conductivity, specific heat, 

dielectric constant, dissipation factor, dielectric loss, 

electrical  resistivity,  under  different  conditions  such  as 

fiber type and architecture, fiber volume fraction, direction 

of heat flow, and service temperature, and helps to assists in 

the evaluation and design of materials and products that are 

more efficient and less costly because they last longer. 

Recently, car manufactures have been interested in 

incorporating natural  fiber composites into  both interior 

and exterior parts. This serves a two-fold goal of the 

companies to lower the overall weight of the vehicle thus 

increasing fuel efficiency and to increase the sustainability 

of their manufacturing process. 

 

Pineapple leaf fiber is a high textile  grade commercial     

fiber,     generally     extracted     by     water retting.   

Pineapple   leaf   contains   only   2.5-3.5%   fiber, covered 

by a hydrophobic waxy layer, which remains beneath the 

waxy layer. Pineapple leaf fiber is graded  in between jute 

and cotton or jute and ramie. It has all textile properties and 

is capable of blending with jute,  cotton, ramie and some 

other synthetic fibers. So pineapple leaf fiber  can  capture  

an  important  position  among  natural fibers  as  potential  

commercial  grade  textile  fiber,  but there is need of its 

assured supply to  processing industry in sufficient 

quantities. 

 

 
 

Fig. 1 Short Pineapple Leaf Fiber 
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Fig.2 Pineapple Leaf Fiber 

 

Table: IProperties of Pineapple Leaf Fiber 

 
Property Value 

Density(g/cm3) 1.526 

SofteningPoint(°C) 104 

Tensile Strength(MPa) 170 

Young’s Modulus (MPa) 6260 

Specific Modulus (MPa) 4070 

ElongationatBreak(%) 3 

Moisture regain(%) 12 

 

II. FABRICATION 

 

A.   Extraction methods for PALF 

 

Pineapple leaf fiber in nowadays are waste products of 

pineapple cultivation. A special purpose machine having 

metal knife scrapper roller and serrated roller used to scrap 

out  the  waxy  layer  and  at  the  same  time  with  retting 

process the pineapple leaf fiber being extracted. 

 

a)   Scrapping of pineapple leaf 

 

The new machine used for scrapping the pineapple leaf 

has the following modifications, such as the machine has 

three rollers, (i) feed roller (ii) leaf scratching roller and (iii) 

serrated roller. The leaves are fed through feed roller and 

then scratched by other roller to remove the waxy layer 

followed by serrated roller creating space for retting 

microbes 

 
 

Fig.3 scrapping operation through rollers 

 

 

b) Retting 

 

The scratched pineapple leaves were tied in small 

bundles and immersed in retting tank containing 

1:20substrate: liquor ratio. 0.5% urea or di-ammonium 

phosphate (DAP) was added for quick retting. The leaves 

from retting tanks were regularly checked by pressing them 

within fingertips to see whether the fibers are loosened and 

can be extracted. At the end of retting the leaves were taken 

out and the fibers were mechanically extracted by washing 

in pond water. The extracted fibers were then dried in air by 

hanging from bamboo poles 

 

c) Using Ceramic Plate 

 

By implying ceramic plate over the pineapple leaf with 

pressure  and  fast  movement  of  it,  will  give  the  fiber 

beneath the leaf. The way how to do the extract the fiber 

from long leaf done by easy approach. 

 

 
 

Fig.4 Extraction of fiber using ceramic plate 

 

d)   Evaluation of Retting Environmental Parameters 
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Temperature, pH, redoxpotential(Eh), and conductivity 

of retting water were determined regularly following the 

standard proceduresusing a Eutech pH 

meter for determining pH and Eh    and a Eutech 

conductivity meter for  determining conductivity  after 

temperature correction, until  completion  of  retting. 

Strength  and  fineness  of  the retted  fibers  were 

determined following the standard procedures. 

 

e)    Chemical Treatment 

 

Alkali treatment or mercerization using sodium 

hydroxide (NaOH) is the most commonly used treatment for 

bleaching and cleaning the surface of natural fibers to 

produce high-quality fibers. Modifying natural fibers with 

alkali has greatly improved the mechanical properties of the 

resultant composites. 

 

The following steps were carried out during chemical 

Treatment 

 

 5% NaOH solution was prepared using sodium 

 hydroxide pellets and distilled water. 

 Pineapple leaf fibers were then dipped in the 

 solution for 1hour. 

 After 1 hour fibers were washed with 1% HCl 

 solution to neutralize the fibers. 

 Then it is washed with distilled water. 

 It was then kept in hot air oven for 3hours at 65- 

 70°C 

Table:II The Effect Of Alkali Treatment Of Short Palf On 

The Mechanical Properties Of Short Palf 

 

Mechanical 

Property 

NAOHConcentration(%) 

0 2 4 

Tensile 
strength 

(MPa) 

22.64 
(1.25) 

25.71 
(1.25) 

29.95 
(1.35) 

Tensile 
modulus 

(MPa) 

824.64 
(156.37) 

1197.75 
(66.43) 

1284.84 
(133.88) 

Flexural 
strength 

(MPa) 

31.66 
(3.25) 

34.37 
(1.83) 

40.78 
(2.49) 

Flexural 
modulus 

(MPa) 

4294.02 
(399.51) 

4464.05 
(122.40) 

4559.33 
(280.98) 

Notched 

impact(J/m) 

(1.342) 

45.460 

(3.187) 

64.615 

(1.58) 

76.95 

Unnotched 
impact(J/m) 

45.460 
(2.764) 

64.615 
(1.124) 

76.959 
(5.535) 

Hardnessscale 
L 

84.120 
(0.614) 

89.260 
(1.124) 

90.820 
(0.709) 

 

III. SPECIMEN FOR TESTING 

 

Specimen dimensions for impact and flexural test 

 

 
 

Fig 5 Specimen dimensions for impact and flexural test 

 

a)  Calculation 

 
1. ImpactTestandFlexuralTest 

Volume of mould = Length X Breadth X Height 
 = 130 X 13 X 5 

 = 8450 mm3 
= 8.45 cm3 

DensityofEpoxyresin = 1.4g/cm3
 

Density =  
Mass 

Volume  

 
Mass = DensityXVolume 

= 1.4X 8.45 

= 11.83g 

 

Table:III Composition For Tensile, Impact, Flexural Test 
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b) Manufacture of Specimen For Tensile, Impact And 

Flexural Test 

 

Step 1: A mould of required size is prepared by OHP 

sheet. 

 

 
 

Fig. 6 Mould Preparation 

 

Step 2: The resin and hardener is mixed in the ratio 10:1. 

 

 
 

Fig. 7 Resin and Hardener Mixing 

 

Step 3: The resin and hardener is thoroughly mixed 

with pineapple leaf fiber. 

 

 
 

Fig.8 mixing with pineapple leaf fiber 

 

Step 4: The prepared mixture is randomly arranged in 

the mould without any gap. 

 

 

 
 

Fig. 9 Wet/Hand Lay-Up 

 

Step 5: The setup is kept in the dry place for 24 hours 
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Fig. 10 Curing Process 

 

Step  6:  After  curing,  OHP  sheet  is  removed  and  the 

specimen is machined using file for required dimension 

 

 
 

Fig. 11 Machining process 

 

c) Finished Specimen Ready for Testing 

 

 
 

 
 

 
 

 
 

Fig. 12 Finished Specimen 

 

 

 

 

IV. TESTS 

 

A.   Flexural Test 
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Fig.13 Flexural test 

 

Flexural  strength,  also   known  as modulus  of 

rupture, bend strength, or fracture strength, a  mechanical 

parameter for brittle material, is defined as a material's 

ability to resist deformation under load. The transverse 

bending test is most frequently employed, in which a 

specimen having either a circular or rectangular cross- 

section  is  bent  until  fracture  or  yielding  using  a test 

technique.  The  flexural  strength  represents  the  highest 

stress experienced within the material at its moment of 

rupture. It is measured in terms of stress, here given the 

symbol   . 

 

 
 

Fig.14 Graph showing Flexural strength of the specimen  

 

 

 

 

 

Table: IV Corresponding Values For The Above Graph 
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Fig.15Graph showing Flexuralstrengthofthespecimen 

 

 

Table: VCorresponding Values For The Above Graph 
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Fig.16 Graph showing Flexural strength of the specimen 

Table: VI Corresponding Values For The Above Graph 

 

 
 

 
 

Fig. 17 Graph showing Flexural strength of the specimen 

Table:VII Corresponding Values For The Above Graph 
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Fig. 18 Graph showing Flexural strength of the specimen 

Table:VIII Corresponding Values For The Above Graph 
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Fig. 19 Graph showing Flexural strength of the specimen 

 

Table: IX Corresponding Values For The Above Graph 

 

 
Flexural Test Result 

 

Table: X Flexural Test Result 
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B.   Impact Test: 

 

 
 

Fig.20 Impact test 

 

The purpose of impact testing is to measure an object's 

ability to resist high-rate loading. It is usually thought of in 

terms of two objects striking each other athigh relative 

speeds. A part, or material's ability to resist impact often is 

one of the determining factors in the service life of a part, or 

in the suitability of a designated material for a particular 

application. 

 

Table:XI Izod Impact Value For 6 Mm Thick Specimen 

 

Sample 

Number 

IzodImpactValuefor6mmThick 

SpecimeninJ 

1 0.50 

2 0.90 

3 0.50 

4 0.60 

5 0.50 

6 0.75 

 

Impact Test Result 

 

Table:XII Impact Test Result 

 

Sl. 

No. 

Fibertype Volume 

fractions 

(%) 

Cross 

section 

area 

[mm²] 

Izod 

Impact 

Value 

(J) 

1 Treated 10% 108.000 0.50 

2 Treated 20% 108.000 0.90 

3 Treated 30% 108.000 0.50 

4 Untreated 10% 108.000 0.60 

5 Untreated 20% 108.000 0.50 

6 Untreated 30% 108.000 0.75 

 

 

V. DESIGNING 

 

 
a) Design Formula 

 

 Volume of table tennis bat = (volume of face of bat) + 

(volume of handle of bat)  

 Density =MassVolume 

 Mass = Density X Volume  
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PART SAMPLE 
 

(%) 

FIBER 
 

(g) 

RESIN 
 

(g) 

TOTAL 
 

(g) 

TABLE 
TENNIS 

BAT 

15 26.024 147.46 173.4936 

 

 

 

 

b) Design 

 
 

Fig.21 Specimen Dimensions for Table Tennis Bat 

 

c) Calculation 

 

Volume of table tennis bat = (volume of face of bat) + 

(volume of handle of bat)  

= (Length X Breadth X Height) + (Length X Breadth X 

Height)  

= {(157 x 150 x 5) - 5% total volume} + (110 x 25 x 5) -5% 

total volume}  

= 111.86 + 13.062 mm3  

= 123.94 cm3  

Density of Epoxy resin = 1.4 g/cm3 Density =Mass Volume 

Mass = Density X Volume  

= 1.4 X 132.94  

= 173.4936 g 

 

d)  Tabulation 

 

Table: XIII Composition For Table Tennis Bat 

 
PART SAMPLE 

 

(%) 

FIBER 
 

(g) 

RESIN 
 

(g) 

TOTAL 
 

(g) 

TABLE 
TENNIS 

BAT 

15 26.024 147.46 173.4936 

 

e)   Manufacturing of Table Tennis Bat  

 

Step 1: A mould of required size is prepared by using Clay 

& OHP sheet. 

 

 

 

 

 
 

Fig.22 Mould Preparation 

 

Step 2:  The resin and hardener is mixed in the ratio 10:1 

and then thoroughly mixed with pineapple leaf fiber. 

 

 

 
 

Figure: 5.4. Resin, Hardener and Pineapple leaf fiber 

mixing 

 

Step 3: The prepared mixture is randomly arranged in the 

mould without any gap. 
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Figure: 5.5. Wet/Hand Lay-Up 

 

 

 

 

Step 4: The setup is kept in the dry place for 24 hours. 

 

 
 

Figure: 5.6 Curing Process 

 

Step 5: The specimen is machined using file and grinding 

machine for required dimensions 

 

 
 

Figure: 5.7 machining process 

 

Finished Product 

 

 
 

Figure: 5.8. Finished product 

 

CONCLUSSION 

 

Thefabricationofpresentstudyshowsthattheuseful 

compositewithgoodproperties couldbesuccessfully 

developedusingPALFasreinforcing agentfortheEpoxy 

matrix.Fromthis,severalconclusions canbedrawn 

regardingtomechanicalproperties ofcompositetothe effect 

offiberloadings,namelytensile,flexuralandimpact properties. 

ThePineappleLeafFiber(PALF)isawaste 

productofpineapplecultivation.Hence,Pineapplefiber 

canbeobtainedforindustrial purposewithoutany 

additionalcost.Over the pastdecade,cellulosicfillers have 

beengreaterinterest as the give composites improvethe 

mechanicalpropertiescomparedtothosecontainingnon- 

fibrousfillers.Thetabletennisbatmanufactured by 

pineappleleaffibercompositecanbeusedasalternative 

fortheTTbatmadeofwood.Thisreducestheusageof 

treesandincreasestheproduction ofusefulmaterialsfrom 

thewaste. 
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