International Journal of Advanced Engineering Research and Science (IJAERS)

[Vol-3, Issue-8, Aug- 2016]
ISSN: 2349-6495(P) | 2456-1908(0)

Composite Bonding Increment by Banana Fiber

as Alternate in Polypropylene Matrix
Ch. RamakrishmaR. Santhosh MNVRL. Kumar, Uzwal Kiran.R

Department of ME, KL University, Green Fields, GumtAP, India

Abstract— The aim of this work was to fabrication of
banana fiber reinforced fiber with polypropylene
composites. Evaluation of mechanical properties such as
tensile strength, impact strength flexural strength, and
micro-hardness etc. of composites. To study the influence
of fiber length and loading on the mechanical behaviour
of composites. Inspite of, elevating the banana fiber as
alternate filler material in a polypropylene matrix to
increase the bonding between fiber and matrix. As a
natural fiber due its availability, biodegradability, low
cost and low weight, its tensile strength and tensile
modulus along with the weight percentage are estimated
and compared legitimately during this work.Here the
experimental setup was made like injection moulding
process, specimen preparation and composite
compositions for overall research work.

Keywords— Banana fiber, Polypropylene, Tensle
strength, composite bonding.

l. INTRODUCTION

In the resent past considerable research and gewveltt
have been expanded in natural fibers as reinforneme
thermoplastic resin matrix. These reinforced ptasserve
as an inexpensive, biodegradable, renewable,
nontoxic alternative to glass or carbon fibers. Vagous
advantages of natural fibers over man-made glasls an
carbon fibers are low cost, low density, competitiv
specific  mechanical properties, reduced energy
consumption and biodegradability. Thermoplastic
materials that currently dominate as matrices fatural
fibers are polypropylene (PP), polyethylene, andy po
(vinyl chloride) while thermosets, such as phenealic
polyesters, are common matrices. With a view to
replacing the wooden fittings, fixtures and furnéu
organic matrix resin reinforced with natural fibetsch as
banana, jute, kenaf, sisal, coir, straw, hemp, hana
pineapple, rice husk, bamboo, etc., have been mgio

the past two decades. There is an increasing defmamd
automotive companies for materials with sound
abatement capability as well as reduced weightfdef
efficiency. Natural fibers possess excellent sound
absorbing efficiency and are more shatter resistat
have better energy management characteristicsglazs
fiber reinforced composites. In automotive partschs

and

WWwWw.ijaers.com

composites not only reduce the mass of the compgonen
but also lower the energy needed for productiorB®36.
Eco-friendly composites can be made by replacirgg|
fibers with various types of ligno-cellulose fibers
However, such composites have a distinct disadgan&
load-bearing capability compared to glass fibenfmced
thermoplastics. The variation in the propertiesafural
fibers is another important aspect that has to be
considered. Demands for natural fibers in plastic
composites is forecast to grow at 15-20% annuaillly &
growth rate of 15-20% in automotive applicationsd a
50% or more in selected building applications.

I.  CLASSIFICATION OF FIBERS

According to the reinforcing phases the cosites
are mainly classified into three types, fiber
reinforced composites, flake reinforced composaes
particle reinforced composites.

2. FIBER: Fiber consist of thousands of filaments having
a diameter of between 5-15 micrometres.

2.1 Natural Fibers. Coir, Jute, Bamboo, Palm, Corn etc.
2.2 Man Made Fibers Carbon, Boron, Glass, Kevlar,
Graphite etc.

Depending upon diameter of fibers can be classd®d
Filaments, Wires & Rods.

Filament form of fibers is attractive. Based on the
strength, fibers can be grouped as high performance
medium performance and low performance.

Table 1. Mechanical properties of Banana & Jute fibers

Fiber Tensile | Young's | Failure | Source
Type strength | modulus| strain
(MPa) (GPa) (%)
Banana | 29.73095 8.65 1-3 3
Jute 200-450 20-55 2-3 7

2.3Advantages of Banana fiber:

Banana fiber possesses good specific strength piepe
comparable to those of conventional materials tless
fibers.

Banana Material has lower density than glass fiber.

Alkali treatments have been proven effective in aeimg
impurities from the fiber,

Decreasing moisture sorption and enabling mechhanica
bonding and thereby improving matrix reinforcement
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interaction. And also Natural fibers are low-cost,
recyclable and eco-friendly materials. Eco-friendts
and bio-degradability of these natural fibers maplace
the glass and carbon fibers.

Il MATERIALS AND METHODS
The materials used are banana fiber and polypropyle
3.1 Injection Moulding Technique:
The diversity of applications based on various dest
such as product performance, size, shape, anditiggnt
generated many different types of injection moujdin
machines (IMM) to form final products; however, the
process of manufacturing these different applicetiare
the same. In processing, the material is fed ifte t
plasticiser barrel through the hopper, and thesoresin
the barrel is between 2,000 and 30,000 psi (140® 2
MPa). To meet pressure flow restrictions going frihva
plasticiser into the mould cavity, the barrel pteesmust
be enough for a given cavity pressure. A rotatiogw
located inside the plasticiser barrel helps theenls to
move toward the nozzle, and during this motion,eath
system surrounding the plasticiser barrel causes th
materials to melt. The heating system is compriséd
different sections (front, centre, rear) each ofclvhcan
be set to a different temperature depending ortyhe of
material used. Also, another factor assists inntiedting
process — the friction between the rotating scrad the
surface of the plasticiser — and this is known stear
heating’.

When the melted materials reach the nozzle, they ar
injected into the mould that forms the product arsd
features as shown in figure 1. Commonly, steel or
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aluminium is used for moulds due to their high heat
resistance. In order to prevent back flow of
meltedmaterial during solidification, the injected
materials should be under pressure for a certaouatrof
time (Rosato et al., 2000).

V. SPECIMEN PREPARATION METHOD
The banana fiber is obtained from banana plantchvhi
has been collected from local sources. The exulacte
banana fiber were subsequently sun dried for diglts
then dried in oven for 24 hours at 105° C to remfree
water present in the fiber. The dried fibers were
subsequently cut into lengths of 10 mm. The baffiea
based polypropylene composite is fabricated usiagdh
lay-up process. The moulds have been prepared with
dimensions. The banana fiber of length has beereadnix
with matrix mixture with their respective values by
simple mechanical stirring and mixture is slowlyuped
in different moulds, keeping the characterization
standards and view on testing condition. The ratgas
agent has been use on mould sheet which give easy t
composites removal from the mould after curing the
composites. A sliding roller has been used to resribie
trapped air from the uncured composite and moukl ha
been closed at temperature 30° C duration 24 hthe.
constant load of 50 kg is applied on the mould Hicl
the mixture of the banana, polypropylene has been
poured. After curing, the specimen has been takgn o
from the mould. The composite material has beenrcut
suitable dimensions with help of zig saw for medbtain
tests as per the ASTM standards. The designatiah an
detail composition of composites is shown in TaBle
The fabricated short banana fiber based polyprowgyle
composite is shown in Figure 2.

Table 2. Designation & composition of composites

Designation Composition
C1 Fiber length (10 mm)(30%) +
polypropylene (70%)
Cc2 Fiber length (10 mm) (20%) +
polypropylene (80%)

Fig.2: Fabricated short banana fiber with polypropylene
composites
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V. TENSILE STRENGTH
The specimen prepared is shaped into required diioen
using a hand cutter and the edges are polished assalt
paper. It is prepared according to the ASTM D638
standard. The dimensions, gauge length and crosd he
speeds are chosen according to the ASTM D638 stdnda
The tensile test is performed on the Universal imgst
Machine (UTM) Make FIE (Model: UTN 40, S. No.
11/98-2450). The process involves placing thegastple
in the UTM and applying tension to it until thedtare of
the material. Then the force is recorded as a iomatf
the increase in gauge length. During the applicath
tension, the elongation of the gauge section isroksm
against the applied force. There are three diftetgpes
of samples prepared according to the ASTM standards
and the experiments are repeated for several tméshe
average values are used for discussion. Tensile tes
specimens were made in accordance with ASTM D 638M
to measure the tensile properties. The sample s 1
mm long, 12.5 mm wide and 3 mm thick; five identica
specimens tested for each composition. Overlapping
aluminium tabs were glue to the ends of the speatime
with polypropylene, filling the space at the takedap to
prevent compression of the sample at the grip. The
samples were tested at a cross-head speed of O&mimm
and the strain was measured using an extensometer.

Fig .3: Loading arrangement of tensile test

Table 3. Experimental tensile strength of composite

VL. FLEXURAL STRENGTH
The flexural specimens are prepared as per the ASTM
D790 standards and the test has been carried ingf tine
same UTM. The 3-point flexural test is the most cwon
flexural test and used in this experiment for claghkhe
bending strength of the composite materials. Tiséing
process involves placing the test specimen in thié1U
and applying force to it until it fractures and #ks.
Three-point bend tests were performed in accordaiitte
ASTM D 790M test method to measure flexural
properties. The samples were 100 mm long, 25 mne wid
and 3 mm thick. In three-point bending test, théeou
rollers were 64 mm apart and the samples werectedte
strain rate of 0.5 mm/min. A three-point bend téstas
chosen because it requires less material for essthand
eliminates the need to accurately determine ceuist
deflections with test equipment.
3pl
2bt?

Flexural strength =

Fig.4: Flexural strength testing machine

Table 4. Experimental flexural strength of composite

samples
SAMPLE STRESS | STRAIN YOUNGS
(MPa) (%) MODULUS
(E)
PP 24.05 3.77 6.38
PBF20 9.9845 3.76217 2.65
PBF30 9.9885 3.763655 2.653936134

IMPACT STRENGTH
The impact test specimens are prepared accorditigeto

samples
SAMPLE STRESS | STRAIN YOUNGS
(MPa) (%) MODULUS
(E)
PP 34.19 8.8 3.89
PBF20 29.73095 3.43609 8.65
PBF30 29.15255 4.133 7.05
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required dimension following the ASTM-A370 standard
During the testing process, the specimen must aéeld
in the testing machine and allows the penduluml utnti
fractures or breaks. Using the impact test, therggne
needed to break the material can be measured eamlly
can be used to measure the toughness of the nhaeda
the yield strength. The effect of strain rate acfure and
ductility of the material can be analysed by usthg
impact test. Impact test specimens were prepared in
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accordance with ASTM D 256M to measure the fiber+70% pp| 29.1525% 9.9885 42.682
impactstrength. The specimens were 63.5 mm long, 12

mm deep, 10 mm wide. A sharp file with included lang 20% banana

450 was drawn across the centre of the saw cul att® fiber+ 80% | 29.73095| 9.9845 62.06
the sample axis to obtain a consistent starterkcréie pp

samples were fractured in a plastic impact testing 8.1. Tensile Properties:
machine and the impact toughness was calculated fro  The banana fiber composite specimen are preparéd wi

the energy absorbed and the sample width. different volume fractions and tested in the urseér

energy observed i i i i

Impact strength = — gy : testing ma}chlne (UTM). 'The' tensile strength coanl
thickness in meters of the different combinations of the banana fiber

polypropylene composites are presented in Fig &(d),
From the figure it has been clearly indicated that20%

| IMPACT TESTING | banana fiber and 80% polypropylene composites are
____MACHINE _ performing better than the other composite combinat
tested.

o

Fig. 6(a): Before testi hg thg specimen

Fig.5: Impact testing machine

Table 5. Experimental impact strength of composite

samples
Samples Trial
30%bananafiber+70%polypropylene 42.682
20%bananafiber+80%polypropylene 62.06
VIII. RESULTS AND DISCOUSIONS

The samples are tested in their correspondingntesti
machines and the tensile, flexural and impact ptagse

are determined. Each type of sample is tested timess

and the average values are found. The sample graphs
generated with respect to load for banana fiber is
presented below. The results indicated that theatn
fibers exhibited excellent mechanical propertied #me
maximum values obtained are 22.33 MPa as tensile

strength, 47.33 MPa as flexural strength and 42.682 /(). 7(b).The flexural strength comparison of the
Joules as impact strength. different combinations of the banana fiber with

Table 6. Experimental findings of composite samples polypropylene composites are presented in the tresul
Samples Tensilel  Flexural Impact indicated that the 20% banana fiber and
strength | strength strength 80%polypropylene (.:omposite_s are performing beFtant
(MPa) (MPa) (Joules) the other composite combinations tested which can
withstand the flexural load of 48.12KkN.

Fig. 6(b): After tésti ng the specimen
8.2. Flexural Properties:
UTM flexural testing composites are presented iguFé

30%banana
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Fig.7(a): Before flexural testing of composite

Fig.7(b): After flexural testing of composite

8.3. Impact Properties:

For analysing the sudden load carrying capacityhef
banana fiber composite samples an impact testrieda
out. The energy loss is found out on the resultained
from the impact testing machine. The impact stiengt
comparison of the different combination of banaitef
with polypropylene composites is presented in Fég8r
From the figure it can be observed that, the 30%aba
fiber and 70% polypropylene composites are perfogmi
better than the other composite combinations testedh
can hold the impact load of 42.682 Joules follovisd
20% banana fiber and 80% polypropylene composdes ¢
withstand the impact load 62.06 Joules.

Impact Strength
o O O O o o

0 20 30
banana Fiber (W%)

Fig.8:Impact Srength at different fiber weight
percentages of banana / PP Composites
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Fig.9 (b): After impact test of composite

IX. CONCLUSION
The main objective of this investigation is to gauthe
possibility of utilizing the banana fiber which is
abundantly available as an alternative filler maten a
polypropylene matrix to increase the bonding betwee
fibers and matrix. The following conclusions aredma
basing on the above analysis.
The incorporation of banana Fiber into the polyptepe
matrix has resulted in a moderate improvement & th
tensile, flexural and impact properties of the cosiges.
It has been observed that the pure polypropylesegbtia
tensile strength of 34.19 MPa and a tensile stremdt
22.99 MPa is noted at 20 weight % of banana fiber
80%PP composite.
The tensile modulus of pure polypropylene is 2.63aMP
and the tensile modulus for banana fiber reinforBé
composites 8.36MPa which is 178.16 % higher thae pu
PP. The higher tensile modulus value is observe3D%4
fiber weight fraction.
The flexural strength for pure polypropylene is (4.
MPa and the maximum flexural strength of the banana
fiber polypropylene composite is 47.33 MPa and
occurring at 30% fiber fraction.
The flexural modulus of pure polypropylene is 6MPa.
The flexural modulus for banana fiber reinforced PP
composites is 3.17 GPa which is 163.42 % highen tha
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pure PP. The composites higher flexural modulugeri
observed at 30% fiber weight fraction.

The impact strength of pure polypropylene is 30.088

and the Impact strength of 62.06 J/m is noted at@ght

% of coir fiber PP composite which is 20.01 % highe
than PP matrix.

Based on tensile, flexural and impact properties,%2
fiber weight fraction is the optimum value for bana
fiber reinforced polypropylene composites. The
composite can be regarded as a useful light weight
engineering material and also the manufacturind obs
the composite can be reduced considerably by adding
banana fiber as filler to the matrix.
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