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Abstract

Now --a — days most of the automotive parts ardenaith different materials which cannot be recgcle
Recently European Union (E.U) and Asian countri@gehreleased stringent norms concerning autometigklife
requirements i.e the parts of the automotives shdudl recycled. This increased the use of natulakdi in
composite materials. Natural fibers have recentlgdme more attractive to researchers, engineers@edtists as
an alternative reinforcement for fiber reinforceslymer composites. Due to their low cost, low dgnpsstiffness,
fairly good mechanical properties, high specificesgth, non-abrasive, eco-friendly and biodegraalabl
characteristics, they are exploited as a replacefoethe conventional fiber, such as glass, araamid carbon. The
tensile properties of natural fiber reinforced poérs (both thermoplastics and thermosets) are ynaifilbenced by
the interfacial adhesion between the matrix andfitters. Further the mechanical properties canniggréved with
several chemical modifications on the compositaghe present work, natural fiber (sisal, hemp, pheand sisal
combination) reinforced polyester resin compositese produced and are tested for mechanical piepeand
further compared with the normal plastics. The ra@atal properties of sisal and hemp reinforced @stigr resin
composites were found to increase with increasibgrfweight fraction. In important properties hempd sisal

combination composite showed the best.
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I ntroduction

Many of our automotive applications require
materials with different combination of propertitdsat
cannot be met by the conventional metal alloys.séhe
conventional metal alloys are neither degradable no
recycled. So, now-a-days these are all replaced by
composites. These composites are having major
applications in aero space, transportation, coottnu,
sports, packaging etc. Besides good corrosiontagsis,
composite materials exhibit good resistant to emére
temperatures and wear especially in industrial sect
The fiber reinforced polymer (FRP) is a composite
material with high strength fibers such as glasaméid
and carbon [2]. Normally the polymers are clasdifigo
two types. Those are thermoplastics and thermangsit
The most commonly used thermoplastics are polylviny
chloride (PVC), while epoxy resins are the commonly
used thermo settings. Now-a-days this epoxy resin
attracted many researchers due to their advaniagss
the conventional fibers like glass and carbon fljét.

Composite materials (composites) are made
from two or more constituent materials with sigraintly
different physical or chemical properties which e#m
separate and distinct within the finished structure
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Generally these composites are made of matrix and
reinforced materials. The matrix material suppdhs
reinforcement materials by maintaining their refati
positions. The reinforcements impart special meidan
and physical properties to  the matrix material.
Depending upon the composition of these two
constituents in the composites the strength ohthterial
will vary [3, 6]. So the designer of the automotive
products can choose an optimum combination of these
composites for their requirements.

The role of matrix in a fiber-reinforced
composites are (i) To keep the fibers in place T
transfer stresses between the fibers (iii) To mleva
barrier against an adverse environment such asichksm
and moisture (iv) To protect the surface of theeffib
from mechanical degradation.

Fibers are the principal constituents in a fiber -
reinforced composite material .They occupy the datg
volume fraction in a composite laminate and shaee t
major portion of the load acting on a compositactire.
So for particular application selection of fibempgyis
important because it influences the characteristfcthe
composite laminate like density, strength, conditgti
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and cost. Natural fibers such as banana, cottoin, co
sisal, hemp and jute have attracted the scientints
technologists for the various applications [4]. dtial.

[5] reported that flax fiber content from 10-30% imass
was mixed with high density polyethylene (HDPE) by
extrusion and injection moulding to produce comjsssi
The results showed that increasing fiber content
increases the mechanical properties up to 20% yme
and then it dropped. Khoathane et al [1] found that
tensile strength and young’'s modulus of composite
reinforced with hemp fibers increased incrediblythwi
increasing fiber loading. It has been concludednfitbe
mathematical modeling that the predicted and
experimental tensile strength of natural fibers aeeey
close to each other.

Among all hemp and sisal are best and in the
present work the composite material is produced wit
these plants and evaluated various mechanical prepe
The main advantages of them over the other corveslti
are low cost and mechanical properties and
biodegradable tendency [3] but the major drawbaick o
natural fiber composite is its incompatibility betn
natural fibers and thermoplastic materials. Thadieto
the undesirable properties in the composites. Soeso
chemical treatment is necessary to improve the sadhe
characteristics between the fiber and matrix. Hai lam
[7] investigated that alkali treatment improved thapssile
properties of hemp fiber reinforce polylactic a¢iRLA)
compare to those untreated. Liu et al [8] evaluadted
effects of different fiber surface modifications thvi
NaOH and concluded that the surface modifications
could remove surface impurities, increases surface
roughness and tensile strength.

Materialsand M ethods
The raw material selected for thesspnt

experimental work is sisal fiber, hemp fiber amfeiced

components and accelerator (Cobalt naphthenatedspe

up the chemical reaction), catalyst (methyl ethgtoke

peroxide — speeds up the curing of the compound),

releasing agent (Cellophane, wax paper and PVArwate

soluble release agent) and styrene monomer (after

removing the inhibitor) were used as matrix compse

The present experimental work consists of two phase

namely

1. Preparation of the composite material

2. Testing of the composite material.

Preparation of the composite material

In the present work the composites were producetjus

sisal and hemp fibers. The steps involved in this

experiment is

Chemical Treatment

. Fibers are extracted from sisal & hemp plants by

cutting the leaves stem that are close to the gtoun
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e These sisal and hemp fibers are chemically treated
with two different types of chemicals namely
hydrogen peroxide and NaOH at various
concentration levels. The purpose of chemical
treatment is to remove the moisture content inl sisa
and hemp fibers and to increase their tensile gtren

* These fibers were pre-treated with alkaline sotutio
which is prepared in different concentration of
NaOH for an hour under constant stirring and 24
hours at room temperature and then dried in open ai
for 7 to 8 days. With this the moisture contenthia
fiber will be completely removed.

» Then these extracted fibers are allowed to dry and
they are packed in air tight covers as shown in the
following figure

Figure 1: Fibers after chemical treatment

Fabrication of Composite

The composites were produced with | sisal
hemp fiber as a reinforcement and methyl ethyl keto
peroxide (MEKP) as a catalyst and other chemicals
(mentioned above) as a matrix material. With the
previous literature available it is concluded thhe
mechanical properties of the composites are mainly
influenced by the fiber content in the composites.the
composite is prepared as per the dimensions prdpase
the literature in the following manner.
Preparing the glass mould for the fabrication of
composites
The test specimens were prepared with differempsa
composites for compression test, tensile test endifal
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test .The glass mould of dimensions are 300 x 2@0 x
mm and a mould cavity of 120 x20 x 4 mm is made by
fixing 4 mm thick glass plates of width 15mm and
thickness 4mm on four sides of the plate usingdéeal
The mould has to be solidified in normal tempemtur
The post curing process will be done in furnace by
maintaining the temperature %0.

He mould selected for the preparation of resin ningst
cleaned and dried; otherwise it may cloud the reBiren
apply the release wax and allow it to dry so thed t
casting can be removed easily (Figure 2).

1) The mould selected for the preparation of resirst
be cleaned and dried; otherwise it may cloud tlsinre
Then apply the release wax and allow it to dryhed the
casting can be removed easily (Figure 2)

2) 100 parts of unsaturated polyester resin wasntad
0.5 parts of accelerator and catalyst were addeitheo
mixture.

3) The fibers were cut into required size and weigh
accurately in each case. The sample plates prepmred
varying the weight of fibers.

TIE :

Figure 2: Preparation for mould pouring

4) First pour the polyester resin in to the jug #meh stir
the resin with a stirrer. After few minutes catalgEblue
colour liquid is mixed in the resin so that we cgat blue
colour to the composite.

5) In order to dry the mixture accelerator is mixedhe
resin so that we obtain the liquid and the sanmoiged
in to the mould.

6) Close the mould with a glass plate and put thaykt
on the mould. Within the next six hours precurind e
done for the solidification of the resin.

7) Then post curing is done for 3 hours in the uacu
furnace for the reduction of brittleness of the posite.
This increases the bonding of matrix and reinforced
materials (figure 3)

8) Figure 4 shows the finished composite materfir a
removing it from the vacuum furnace
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9) Then the materials are tested by using tensgeand
flexural test by using universal testing machines

Figure 4: Finished Composite

As per the previous literature auaia the
combination of 75% hemp and 25% sisal showed the
best results when tested with various combinatiohs
hemp and sisal. So in the present work test spesrae
prepared with 75% hemp and 25% sisal combinatiah an
are tested. These are further tested with plaimngat)
plastics without any catalyst and accelerators etc.

Testing of Composites

In the present experimental work ¢benposite
material is fabricated using hand moulding methiiue
test specimens are prepared with standards and were
tested to evaluate the mechanical properties Bksile
strength, compression strength and flexural stiengt

A specimen of the prepared compasiterial
is tested with compression testing machine fomate
compression strength, universal testing machine for
ultimate tensile strength and flexural strengthe st
specimens are held in the machines (as shown in the
figure 5) and the load is applied. The load at Wwhite
composite material failure occurs is noted down tfa
further discussions.
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(c) Flexural strength testing
Figure 5: Composite Testing

Results and Discussions
Untreated fiber strengths
In the present experimental work thatural

fiber reinforced composites of hemp, sisal and the
combination of hemp and sisal (75% hemp + 25% )sisal
are developed and tested for the mechanical piepert
This is further compared with the normal plasti¢chout
any resin, catalyst and accelerator etc.,The s
presented below.
Compression strength

The compression strength of the casitpo
depends on the type of fiber used and increasdwstigt
amount of fiber. The variation of the compressive
strength is illustrated in the exhibit 1.The comifmos
made of hemp is having more strength compareddo th
sisal composite.
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Exhibit 1: Variation of compressive strength with the
weight of the fiber in composite
The plain plastic without any fiberhsittle and
will lose its mechanical properties within shorhé. The
compressive strength of the normal plastic is 6.68
N/mn?. The compressive strength of the hemp is
142.5%, 124.2% higher than normal plastic. Any weey
strength of the composite further increases with th
combination of hemp and sisal and is 153% highan th
that of normal plastic.
Tensile properties
The mechanical property of the composite reliesghmn
type of fiber and matrix used. This further depends
the quantity of the fiber content. The tensile rsité
variations of the composites are shown in the Yalhg
exhibit 2. Compared to the composites made with
untreated fibers, the
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Exhibit 2: Variation of Tensile strength with the weight of
thefiber in composite

The improvement in the tensile strength of compssit
was 110% for hemp and 94.45% for the sisal fibd&isT
strength of the fiber further increases with the
combination of hemp and sisal fiber. The strength i
128% higher than untreated fibers. This improvenignt
because of surface modification which improves the
matrix adhesion property between the matrix andrfib

(C) International Journal of Engineering Sciences & Research Technology

[2701-2706]



[Reddy, 2(10): October, 2013]

This could be due to the better dispersion of &band
interaction between the matrix and fibers and reaatf
the catalysts and other agents with the fibersréfbees
this indicates that the chemical treatment of tiberf
significantly increased the adhesion charactesséind
further mechanical properties.

Flexural Properties

The variation of flexural properties of the compesiis
shown in the exhibit 3. With the results it is cluled
that the introduction of the fiber increases thexdiral
strength compared to the untreated fiber. Due ® th
chemical treatment of reinforced surface with gl
and other agents the bonding strength betweenilibe f
and matrix material is improved. However the bogdin
strength of the sisal fiber is less than hemp. The
improvement in the bonding strength is higher vitie
combination of hemp and sisal fiber. This improveime
is 2.2% and 4.14% respectively compared with tkalsi
fiber. From the above fig. it is also observed ttted
composites could transfer the stresses effectifrelyn
the matrix to the fibers. The treatment of the ffihe
modified the surface energy and the tension ofitiess
and this further improves the molecular chain rieast
The effect of the chemical treatment on the comnipsesi
can be observed by comparing the results of thereabo
composites which reveals that these compositesiaoh
more stronger than untreated fibers.

Plastic
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Exhibit 3: Variation of bending strength with the weight of
the fiber in composite

Conclusions

The serious problems that the siierworld
facing are the development of new methods for the
treatment of solid wastes, particularly with nortemal
reversible polymers. The method of processing ek¢h
wastes is cost-effective and will produce harmful
chemicals. So, one has to concentrate on the hatura
fibers which are originated from the plants. Irstpaper
| discussed about the natural fibers, hemp and\stsiah
are produced from the plants. These natural filaees
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renewable and made available within the short peai®
compared with traditional glass and carbon fibers f
making the advanced composites. Finally it is cotet
that the natural fibers are low cost, recyclablew |
density and eco-friendly material. Their mechanical
properties are very good and can be used to refiece
conventional fiber such as glass, carbon in reagdr
plastic material. Further, chemical modificationthuals
were adopted to improve the fiber —matrix interdhci
bonding and to enhance the mechanical propertieis. T
surface treatment improved the compatibility of titeer
and matrix and the effective stress transfer batwtae
reinforced material and matrix. It is also cleaattlthe
strength and stiffness of the natural fiber polymer
composites is strongly depends on the quantityhef t
fiber. This strength will increase up to certaincamt of
fiber and further it will decrease. Up to the opiim
value of the fiber weight ratio, the load is unifdy
distributed on all fibers which are well bondedwihe
resin matrix material. Further increment of theefib
content may cause for uneven load distribution.h\tie
present work it is concluded that though the hesp i
having higher tensile properties than sisal, tkissile
strength can be further improved with the comboratf
hemp (75%) and sisal (25%).
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