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Abstract - The aim of this study is to estimate and
understand the effect of different natural fibers and filler
materials that are used in fabrication of polymer composite
material and analyze the verified results like tensile and
flexural. In this study different composites are prepared with
jute, hemp, coir, sisal, bamboo and, banana fibers and filler
materials like silicon carbide, tungsten carbide, fly ash, egg,
rubber, and rice husk are consider. An attempt is made to
compare and analyze the tensile and flexural strength based
on experimental results.
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1. INTRODUCTION

In these present world there is much interest shown in
developing material on fiber reinforced polymer composites
to minimize weight of the material, cost of the material, at
the same time the material must have to withstand strength
over certain criteria by utilizing naturally available fibers
along with some filler materials. Where in polymer
composite material the two important criteria is
reinforcement and matrix. Reinforcement is a type of
material that give mechanical strength to the composites
some of the mechanical properties like tensile, flexural,
impact, hardness etc. Some of naturally available reinforced
materials are jute, hemp, coir, sisal, bamboo, banana etc.
Matrix is nothing but the material which gives binding
strength to the composites example for matrix material are
epoxy, polyester, polyethylene, etc. The required mechanical
strength between fiber and resin is not obtained along them
some of the fillers have been used to increases the properties
of the composites. Many ceramic and metal based fillers are
available and can composites are mate at low cost with high
strength.

1.1 Natural fibers

Fibers that available naturally are referred as natural fibers
where natural fibers are classify into 3 forms namely fibers
from plants, animals, and mineral fibers. Natural fibers are
used for reinforcing material. These have complicated
structure, with crystalline cellulose micro fibril- reinforced
amorphous lignin or/and hemi-cellulose matrix. Natural
fibers are constitutes of cellulose, hemi-cellulose, lignin,
waxes and some water-soluble compounds. The major
component of it are cellulose (60%-80%), hemi-cellulose

(5%-20%), lignin and moisture (20%) This study focused on
fibers from plants some of these are jute, hemp, coir, sisal,
bamboo and rice husk etc. chemical composition and
properties for some natural fibers are shown below table
1[22] and table 2[21] respectively;

Types of | Cellulose | Hemicellulose | Lignin | Waxes
fibers (wt%) (wt%) (wt%) | (wt%)
Jute 66 17 12.5 0.5
Hemp 72 20.1 4.7 0.8
Sisal 73 12 12 2
Coir 32-43 0.15-0.25 40-45 -

Kenaf 51 21.5 10.5 -
Bamboo 26-43 30 21-31 -
Ricehusk 35-45 19-25 20 -

Table 1: Chemical composition for natural fibers

Fibers | Density | Elongation | Tensile Elastic
(g/cc) strength | modulus
(MPa) (gpa)
Jute 1.3 1.5-1.8 393-773 26.5
Hemp 1.47 2-4 690 70
Sisal 1.5 2.0-2.5 511-635 9.4-22
Coir 1.2 30 593 4.0-6.0
Kenaf 1.45 1.6 930 53
Bamboo | 0.5-0.9 16.0 14.8-38.4 20

Table 2: Properties of natural fibers
1.2 Matrix materials

Mainly for polymer composite material epoxy is commonly
used matrix material due to their many advantages such as
adhesion to wide variety of fibers, superior mechanical and
electrical properties and good performance at elevated
temperature. In addition to that they have less shrinkage
upon curing and good chemical resistance. Other matrix
material are also used in polymer composites they are;
polyester, vinyl ester, and phenolic, mechanical properties

for different matrix materials are shown below;
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1.2.1 Epoxy resin Silicon carbide (SIC)
Properties Values Physical property Values
Viscosity @ 25°cp (cp) 12000-13000 Density g/cc 31
Density 1.16 Flexural strength (MPa) 550
Heat distortion temperature 50 Elastic modulus (gpa) 410
@*c Compressive strength (MPa) 3900
Modulus of elasticity (gpa) 5.0 Hardness (kg/mm2) 2800
Flexural strength (MPa) 60
Tensile strength (MPa) 73 Table 6: Properties of silicon carbide [19]
Maximum elongation (%) 4 Tungsten carbide (WC)

Table 3: Properties of epoxy resin (values are taken Physical property Values
from catalog) Density g/cc 15.63
1.2.2 Polyester resin Tensile strength (MPa) 344
5 Elastic modulus (gpa) 530-700
Properties Values
) ; Compressive strength (gpa) 2.7
Viscosity @ 25°cp (cp) 250-350
: Hardness (kg/mm?2) -
Density 1.09
Heat distortion temperature 54 Table 7: Properties of tungsten carbide (values are
@°c taken from catalog)
Modulus of elasticity (gpa) 3.3 . .
Aluminum oxide Al;03 (99.5%)
Flexural strength (MPa) 45
Tensile strength (MPa) 40 Physical property Values
Maximum elongation (%) 1 Density g/cc 3.89
Tensile strength (MPa) -
Table 4: Properties of polyester resin (values are .
taken from catalog) Elastic modulus (gpa) 375
Compressive strength (gpa) 2.6
1.2.3 Vinyl ester Hardness (kg/mm2) 1440
Properties Values
p Table 8: Properties of aluminum oxide (values are
Tensile Strength 60-75 taken from Catalog)
Tensile strain 2-3
Silica (Si0)
Tensile modulus 3.2
Density 1.14 Properties Values
Volume shrinkage 7-8 (%) Density 2.648
Table 5: Properties of vinyl resin (values are taken Boiling point 1600
from catalog) Melting point 2230

1.3 Filler materials

To enhance the strength of composite based on particular
application some additives are used in the form of fillers or
flakes along with matrix materials. Some of them are; silicon
carbide, tungsten carbide, rice husk, natural rubber, etc. by
adding filler not only strength of the composites is increased
but also mechanical properties can also increase. Some of
them are shown along with their properties.

Table 9: Properties of epoxy silica (values are taken
from catalog)

2 LITERATURE SURVEY

Itis found many works on natural fibers and filler materials
have been carried to estimate property some of them are as
follow; T. Madhusudhan et al [1] made experimental study
by using silicon carbide as an filler material and conclude
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that silicon filled composites having high impact strength
compared with other filled composites and also conclude
that with increases in filler content of silicon carbide which
leads to increases mechanical properties such as hardness,
tensile strength, flexural strength, inter laminar strength.
Madhusudhan et al [2] made experimental studies on
Comparison of Hybrid Composites with Different Filler
Material and revels that hybrid composites with 2 different
fiber material and tungsten carbide as a filler as high tensile
and hardness strength compare to 3 different fibers and
silicon carbide as filler material and showed that flexural
strength is more for 2 different fibers and sic as filler
compared to 3 different fibers and tungsten as a filler
material. Madhusudhan T, et al [3] Mechanical
Characterization of Jute and Rubber Particles Reinforced
Epoxy Polymer Composites. In this tensile and flexural
properties are influenced by the fiber composition than the
rubber particulate. The combination of these materials in
composites can be used as alternative in any synthetic fiber
filled polymer composites’. Praveen Kumar et al [4] made
experiment on hybrid composites with or without filler
material and silicon carbide as filler material and made
conclude that Hybrid composites jute/E-Glass fiber has
better properties than that of the jute fiber and the
sisal/Glass fiber without filler material had Good tensile
strength. And also conclude that increasing filler content
tends to increase the modulus & hardness but decrease
tensile strength of the composite. Priyankarpratim et al [5]
made study on experimental investigation on mechanical
properties of rice husk filled jute reinforced composites and
conclude that due to filler where there is increases in tensile
strength and decreases in compressive property and also
showed that there is no much difference on flexural strength
when compare with or without filler . KG Prakash et al [6]
made experimental study on effect of filler material for hemp
fiber reinforced polymer composites in automobile
application and resulted that by using more filler percentage
in adding the filler materials where there is increase in
mechanical strength.Hemantpatel et al [7] made study on
mechanical behaviors of banana and sisal hybrid composites
reinforced with epoxy resin. V. Manikandan [8] et al made
experimental study on effect of fly ash as filler on mechanical
& frictional properties of jute fiber reinforced composite and
showed that wear resistance increases by adding fly ash. R.
S. Wani [9] made study on Tensile Testing of Bamboo Fiber
Reinforced Epoxy Composite. NE Naveen [10] made study on
experimental analysis of coir-fiber reinforced polymer
composite materials and conclude that strength of
composites can increase by increase the weight of the fiber.
R.Sanjay [11] made experimental study on Investigation on
Mechanical Properties of Hemp/E-Glass Fabric Reinforced
Polyester Hybrid Composites and observed strength of the
materials. S. Nallusamy [12] made on study on investigation
on mechanical properties of coir fiber reinforced polymer
resin composites saturated with different filling agents and
conclude that by adding filler strength can increased. W S
kharat [13] made study on development of epoxy based
composites filled with boron carbide (b4c), tungsten
disulphide (ws2) and evaluation of its mechanical

properties. S.Sreenivasulu [14] made on experimental study
on mechanical properties evaluation of bamboo fiber
reinforced composite materials and conclude that strength
depends on fibers. Ajith Kumar g et al [15] made study on
coir fiber reinforced polymer matrix composites to estimate
mechanical properties.Subbareddy d n et al [16] made study
on evaluation of mechanical properties in banana reinforced
fibers and estimate mechanical properties and recorded.
ch.arunbabu et al [17] made study on experimental and
analysis of polyester - jute- hemp fiber reinforced composite
and conclude by analyze different mechanical properties.
Priyadarshi tapas ranjan swain et al [18] made study on
physical and mechanical behavior of al203 filled jute fiber
reinforced epoxy composites and conclude that increase of
fiber and filler increases the strength of the composites.
Arpitha GR et al [19] made study on mechanical properties
of Epoxy based hybrid composites reinforced with
sisal/Sic/glass fibers and conclude that without filler shown
better results.Ludmiladulebova et al [20] made study on the
effect of particulate fillers on hardness of polymer composite
with filler like talk and chalk and montmorillonite and
concluded that hardness is increased with increase of filler
materials. And exposed to UV rays without any significance
changes in hardness’. W. Nguong, S et al[21] made a review
on natural fiber reinforced polymer composites and
conclude that by adding Nano materials improves tensile and
wear properties.A.R.M.Nazim et al [22] made a review on
natural fiber polymer composites and show that kenaf and
jute having similar properties.

3. RESULTS AND DISCUSSIONS

Some of the mechanical properties like tensile and flexural
results for jute, hemp, sisal, coir, bamboo, and banana fibers
are discussed here.

3.1 Tensile strength without filler materials

o Tensile strength for sisal and epoxy composites
having 50:50 fiber to resin ratio in the composites
is 59.7 MPa [7]

o Tensile strength for banana and epoxy composites
having (50:50)fiber to resin ratio in the composites
is 20 MPa [7]

o Tensile strength for jute and epoxy composite
having 60:40 fiber to resin ratio in the composites
32.3 MPa [8]

e Tensile strength for bamboo fiber epoxy composite
is 26.41MPa [9]

e Tensile strength for coir depends on length of the
fiber for maximum length of coir tensile strength is
13.05 MPa [10]

o Tensile strength for 9layers of hemp with polyester
resin is 50 MPa [11]
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Table 10: Tabulated tensile results for different fibers

Fibers Tensile strength Resin used
(MPa)
Banana 20.00 Epoxy
Bamboo 26.41 Epoxy
Coir 13.05 polyester
Hemp 50.00 polyester
Jute 32.30 polyester
Sisal 29.70 Epoxy

Tensile strength for different
natural fibers
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3.3 Flexural strength without filler

Table 12: Tabulated Flexural strength without filler
results for different fibers
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Fig-1: Variation of tensile strength for different fibers

3.2 Tensile strength for natural fibers with filler
materials

In order to increase strength of the natural composites along
some additives or fillers are used some of the results for
different fibers are shown below;

Table 11: Tabulated tensile results with filler for
different fibers

Fibers Flexural Resin used Journal
strength reference
Coir 35.42 Polyester [10]
Coir 84.803 Polypropylene [15]
Banana 89 Epoxy [16]
Jute 105 Polyester [16]
Hemp 99 Polyester [17]
Jute 48 Epoxy [18]
s flexural strength without filler
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f;g:)r ence 3.4 Flexural strength with filler
Jute Flyash | Polyest | 10 28.94 (8] | J+F+P Table 13: Tabulated Flexural strength with filler
er . .
results for different fibers
Coir Seashell | Polyest 10 31 [12] C+S+P
powder er Fibers Resin Filler Flexural | symb Journal
Jute Rice Epoxy 05 44.63 [5] J+R+E used material | strength ol reference
husk and % (MPa)
Jute Rubber Epoxy 10 74.81° [3] J+NR+E Jute Epoxy Al203 59 J+E+ [18]
. 10% AL20
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en Ss E
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Flexural strength with filler
material
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4. CONCLUSIONS

We can few conclusion from reference to these work
conducted by different researchers;

e Compared to natural fiber reinforced polymer
composites, PMC with filler material show enhanced
results in terms strength and stiffness and
maximum tensile strength under material under
study.

e Filler materials improve strength of the composites
to a considerable amount.

e Among all the natural choose for study Jute (1.3
g/cc) fiber has less density compared to hemp (1.45

g/cc), sisal (1.5g/cc)

e (Composite with use of banana fiber as
reinforcement has least strength compared to
composites reinforced with other natural fiber.

e Flexural strength increases by increasing the weight
of the fibers

e Silicon carbide (3.21 g/cc) having less density
compared to tungsten carbide (15.63g/cc)

e Epoxy resin having more good mechanical
properties and can cure at room temperature

e Hand layup is simple method to fabricate fiber
based polymer composites

e Natural fiber reinforced polymer composites with
rice husk as filler material has least tensile and
flexural strength.

e Glass fiber having more strength compare to other
natural fibers
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