International Journal of Scientific & Engineering Research Volume 11, Issue 11, November-2020
ISSN 2229-5518 767

Fabrication and experimental analysis of
banana fibers reinforced polymer composite filled
with Aluminium-powder filler for automotive body

Robson Balcha
ABSTRACT
The rising concern of environmental related issues and attention given to green and clean composite materials and the need of finding realistic alternative

to replace heavy metals have led researchers to find for alternative natural fiber reinforced polymer composites. The main objective of this study was to
introduce new green composite materials from abundant waste resource of banana stem that have high mechanical and physical properties fiber used
for automotive companies. The composite was fabricated from banana fiber filled Al-powder filler through resin-hardener mixture by simple hand lay-up
technique followed by compression molding technique to obtain high mechanical and physical properties. The samples fabrication procedure carried out
on fixed weight percentage of banana fibers by varying Al-powder filler weight percentage to see its effect of mechanical and physical properties. Four
samples i.e., Banana fiber reinforced polymer composite (sample A), banana fiber reinforced polymer filled 5wt% of Al-powder filler (sample B), banana
fiber reinforced polymer composite filled 10wt% Al-powder filler (sample C) and banana fiber reinforced polymer composite filled 15wt% Al-powder filler
(Sample D) was produced by fixing banana fibers 10 weight ratio and 0wt%, 5wt%, 10wt% and 15wt% of Al-powder filler respectively. Then, tensile
strength, density, micro hardiness, water absorption percentage and Microstructure were conducted according to ISO and ASTM standards. The results
show that steady tensile strength increment is obtained by adding Al-powder up to 10wt%. Beyond this wt% of Al-powder tensile strength decreased.
Density of composite samples filled Al-powder increases as the wt% of Al-powder increase. Microstructure of sample C exhibits superior distribution of
Al-powder than other samples. As Al-powder increase the water absorption of the samples decreases. Micro structure of the fabricated samples shows
best Al-powder distribution throughout the composites. Overall optimal mechanical and physical properties obtained at sample C with highest tensile

stress, less water absorption, moderate density, microstructure and micro-hardness when compared to other samples.

Keywords: Banana fibers; Aluminum Powder; Resin; Mechanical Properties.

of polymers in various applications has grown rapidly.
1. INTRODUCTION

1.1. Background
According to [3] increasing consideration towards

Now a day the application of polymer grounded products
can be found from household utilities to aerospace
applications [10].

sustainable progress and environment awareness forces

. . Moreover, automotive as well as packaging companies are
scholars to discover more on the green biodegradable ! p &S P

materials based on agricultural trashes. The rising demanding a change of their design from oil-derived

. . . polymers and mineral underpinning materials to natural
environmental concerns, global warming, waste controlling

concerns, declining fossil resources, as well as escalating oil materials focusing the recyclability or else biodegradability

. o . . . of green products at the termination of life [1].
prices have resulted in increase in research for innovative & p (1]

materials that are friendly to our health besides [8] reported that the furthermost important benefits of

environmental ~concern. Green products are being natural fibers relate to environmental issues: they are

increasingly promoted for sustainable development [21]. biodegradable as well as carbon positive, subsequently they

absorb more carbon dioxide than they produce [5]. The

A new trend in engineering research is to replace heav . . .
& & p y fibers from the natural sources provide certain advantages

metals with polymer material reinforced with natural fibers
such as different plants, animal and wood fibers. Many
researchers have focused to replace heavy metals by some
materials with low density and high strength. Thus, the use

over synthetic reinforcement fibers for instance low cost,
non-toxicity, comparable strength, small density; also,
minimum waste disposal problems [18]. Natural fiber
reinforced thermoplastic composites exhibits supremacy
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over conventional materials outstanding to ease of
processing, fast fabrication cycling and low tooling cost,
thus making them most suitable materials for automobile
and electrical industries [12]. In comparison with synthetic
fibers, natural fibers exist low in cost, low density, and have
very much specific property [20].

According to [14] report high level of moisture absorption,
poor wettability, inadequate adhesion and de-bonding are
the main disadvantages of natural fibers reinforced
composites. Natural fibers are also having some draw
backs, such as large variations in mechanical properties,
sensitivity to humidity and UV radiation plus low
resistance to impact [4].

Banana fibers have good specific strength properties
comparable to those of conventional materials, similar to
glass fibers [19]. Ethiopia as a country whose economic
sector depends on agricultural products has abundant
potential to develop and utilize fiber derived from
Agricultural waste. Banana and false banana fibers which
are important byproducts of farmer food processing are
discarded as waste in Gurage zone [17]. The surplus by-
products of agricultural products are abundant and
quantitatively beneficial in a country like Ethiopia with its
massive agricultural resources. Reducing natural assets,
regulations on using synthetic resources, increasing
environmental awareness and economic attentions are the
major motivating forces to utilize annually renewable
various industrial

resources such as biomass for

applications [22].

By product of the rotting process is methane gas which is
some of the greenhouse gases (a pollutant). Utilization of
the banana stalk fibre not only benefits the environment,
but it will also reduce the overall resource consumption
while sustaining national economic growth and
introduction of green technology to the rural areas [2]. [4]
report shows that the structure and chemical composition
of natural fibers are greatly dependent on climatic
condition, soil type, and age of plant and the individual
characteristics of each plant variety. According to [11]
report mechanical properties of lignocelluloses fibers may
also vary greatly, even from same plant. This is due to
several factors during the plant’s life cycle, including

growing circumstances, the maturity of fibers during
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harvesting; the ways and means used to extract the fibers,
and the transportation and storage of fibers over time [6].
Alkali treatments have existed recognized effective in
removing contaminations from the fiber, reducing
moisture absorption and permitting mechanical bonding,

and thereby improving matrix-reinforcement interaction

[7].

[14] clearly reported that the use of natural fibers reduces
weight by 10% and lowers the energy consumption needed
for production by 80%, while the cost of the component is
5% lower than the comparable fiber glass-reinforced
component [9]. According to [17] composites, the wonder
material with light -weight, high strength to weight ratio
and stiffness properties have come a long approach in
replacing the conventional materials like metals, woods etc.
The replacement of steel with composites can save 60% to
80% of component weight and 20% to 50% with the
fabricated
composite materials use is increasing because of their light

Aluminum components. The polymer

weight as well as good mechanical responses.

The most important advantages of using composites in
automotive is the weight reduction as the composites are
up to 35% lighter than Aluminium and 60% lighter than
steel and the use of composites in automotive can clues to
an overall vehicle weight reduction of up to 10%. Other
classes of light weighting materials used in automotive for
the “greening” of automotive industry are natural fiber
reinforced composites. Replacement of glass fibers with
natural fibers allows lighter components as the density of
natural fibers (1.5 g/cm?) are lower compared to glass fibers
(2.5 g/cm?®) while simultaneously increasing the proportion
of renewable resource content within the vehicle [13].
Composites are materials that embrace strong load
carrying material (known as reinforcement) set in weaker
materials (known as matrix). Reinforcement is responsible
for strength and rigidity, helping to support structural
load. The matrix or binder (organic or inorganic) upholds
the position, orientation of the reinforcement and transfers
the peripheral load to the reinforcement [15].
1.2. Statement of the Problem

A process of meeting human need in manufacturing
technology aims to ensure and provide the ecosystem
services to the natural resources upon which the society
and economy depend is called sustainable development.
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To ensure this; natural fiber as a means of usable material
to engineering application is a key element. In developing
country most of the time the body and spare part of
automotive were imported from abroad. In Ethiopia also,
the spare part and body of automotive were imported from
developed country. These imported materials are heavy in
weight, high in cost and have an adverse impact on the
environment. On other hand Ethiopia is known as
agricultural dependent country. Among many sources of
agricultural product banana is one of the major sources of

fruit with unusable stem of banana which is disposed as a

waste in case of our country’s trend, because the source of

fiber in Ethiopia is related only to false banana and sisal.

Therefore, the preparation of natural fibers composite

using banana in aligned with automotive application will

plays a vital role in manufacturing sectors. Many

researchers carried out their study on natural fibers as a

replacement source of material for heavy metals and glass

fibers. A few researchers conducted their study to fabricate
composite from natural fibers and metallic powder filler.

So, this study was elaborated to a great opportunity for our

country to produce automotive body from Aluminum

filled banana fibers as reinforcement for better strength,
long survival time, and reduced water absorption behavior
of banana fibers.
1.3. Objectives of the Study
1.3.1. General Objective

The general objective of this study is to fabricate and

analyze the mechanical and physical properties of banana

fibers reinforced polymer composite filled by Al-Powder
filler for automotive application.
1.3.2. Specific Objectives

The specific objectives of this study are:

= To fabricate composite of banana fiber reinforced polymer
composite filled Al-powder filler by hand lay-up with
compression molding technique from banana fiber, resin
and aluminum-powder filler for better mechanical
bonding.

* To evaluate mechanical and physical properties i.e.,
tensile stress, density, water absorption percentage,
micro-hardness and micro structure of composite
fabricated from treated banana fibers filled aluminum-
powder filler for the automotive body application.
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* To analyze and recommend better weight ratio of banana
fibers filled aluminum-powder filler samples and
evaluate against previous literature. Research questions

2. MATERIALS AND METHODS
2.1. Introduction

The main objective of this study was to fabricate a new
composite from banana fiber filled by Al-Powder filler and
analysis its mechanical and physical properties. The
samples were fabricated based on weight fraction. The
procedure to fabricate laminated composite was described
clearly in flow chart below.

U Banana fiber was extracted and collected from Hawassa
City area. These fibers washed repeatedly by down
runner water and dried in air. Banana fiber was treated
by using 5% NaOH in Chemistry department laboratory,
Hawassa University, Ethiopia. The pH for this amount
of NaOH was measured. Then, treated fiber was washed
three times till it becomes neutral by means of down
runner water. Finally, it was washed by distilled water
and dried in air for 48 hours.

U Unsaturated polyester resin and hardener (Catalysts)
was bought form World Fiber Glass and Water Proofing
Engineering Company, Addis Ababa, Ethiopia.

U Aluminum Powder filler was purchased from Germany
Country online market.

Q{) Musk, brush, gloves, roller, wax, string wood, and
scissors were purchased from local pharmacy and
market centers.

% Mold was prepared form Aluminium sheet to fabricate
samples.

L Simple hand lay-up composite production method was
used that followed by compression molding for 24 hours
to remove excess resins and air bubbles.

Q{> Treated banana fibers without/with Aluminum Powder
filler was produced layer by layer through using resin by
hand lay-up system and rolled by roller.

Y The curing process was taken at room temperature for
48 hours.

% The fabricated sample was cut into specimens based on
tests standard to obtain their mechanical and physical

properties by using convectional testing machines.
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L The results were analyzed and the optimal composite
fabrication weight ratio was identified.
Unsaturated polyester resin and hardener was mixed
based on the weight ratio. Then Al-Powder filler was
added to mixture of resin and hardener according to
samples based on wt% requirement. To obtain the
influence of Aluminum Powder filler on banana fiber
matrix weight fraction to resin-hardener mixture was
carried out.

Generally, all samples were produced based on the
treated fiber filled Aluminum Powder filler on four (4)
different ratios to resin-hardener mixtures. The whole
mixing ratio was done based on weight ratios.
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Fig 1: Flow diagram of sample prefabrication, during
fabrication and post fabrication process.

2.2. Materials
Materials those used to form composites are: banana fibers,
Aluminium Powder filler, unsaturated polyester resin,
hardener (catalyst), and NaOH.
The equipment used to remove impurities and for mixing
resin, hardener and Aluminium mixtures are comb, musk,
roller, gloves and stirring wood.

2.2.1. Banana Fibers
Banana fibers were extracted from Banana stem and the
extraction was done by manual/traditional method.
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The extracted banana fibers were washed by down runner
water and dried in Air. Combing was carried out to remove
dirty and impurities. Then Banana fibers were treated by 5%
NaOH to improve physical, chemical and mechanical
properties of the fibers. Again, it was washed by down
runner water and distilled water to neutralize the chemicals
and dried in air for further process.

2.2.2. Al-Powder Filler
99.9% pure Aluminium powder of 56um was purchased
from online, Germany. It was added to resin and hardener
based of weight percentage of resin and hardener mixture
needed to produce laminated composite for this study. To
analyze its mechanical properties effects on natural fibers; it
was conducted by adding Aluminium Powder filler of
5%wt, 10%wt and 15%wt by measuring its mass on digital
balance at Chemical Engineering laboratory, ASTU,
Ethiopia.

2.2.3. Matrix and Hardener
Generally, polymers can be classified into two classes;
thermoplastics and thermosetting. Thermoplastic materials
currently control, as matrices for bio-fibers; the most
frequently used thermoplastics for this purpose are
polypropylene (PP), polyethylene, and poly -vinyl-chloride
(PVC); while phenolic, epoxy and polyester resins are the
[17].
Unsaturated polyester resin and Catalyst were purchased

most commonly used thermosetting matrices
from World Fiber Glass and Water Proofing Engineering
Company, Addis Ababa, Ethiopia. The weight fraction of
each sample resin-hardener mixture was done on digital
ASTU,

Ethiopia. For each sample the amount of resin-hardener

balance at Chemical Engineering laboratory,

used was described in table 1.

To obtain best mixture of resin-hardener and Al-powder
filler mixture using measured amount of each composition
play a great role. To fabricate each sample mixing resin-
hardener that filled Al-powder filler was recommended
based on the sample type and production amount.
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Table 1: Mix batch of resin and hardener based on wt%
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weight ratio of banana fiber causes porous on fabricated

composite composite and lowering weight ratio below 10 wt% reduces
S. Date Sample Batch No: Cup| Gross fiber utilization. Based on these 10 wt% of banana fibers was
No: Quantity (grm) Mass| Mass taken for this thesis work. Shortly, it was indicated by the
Resin| Hardener| Al- e following table 2
powder Table 2: Fabrications of Composite Samples
(grm) Sample
1. | 14/05/2018| A 985.84 | 8.86 0 5.75 | 1,000.45 Code Composition (wt %)
2. | 14/05/2018] B 93655 | 837 49292 [ 575 | 999.962 Resin-hardener (90 wt %) +Banana Fiber (10 wt
A %) + Aluminium powder filler (0 wt%)
3. 16/05/2018| C 887.26 | 8.87 98.584 | 5.75 1000.46 : B
B Resin-hardener (85wt %) +Banana Fiber (10wt
4. 16/05/2018| D 838.08 | 8.38 147.76 | 5.75 999.97 %) + Aluminum Powder filler (5wt %)
2.3. Chemical Treatment of Fibers C Resin-hardener (80wt %) +Banana Fiber (10wt
Influence of surface treatment on natural fibres improves %) + Aluminum Powder filler (10wt %)
the interfacial bond between fibre and resin thereby D Resin-hardener (75wt %) +Banana Fiber (10wt
increases its mechanical properties. Alkali treatment of jute %) + Aluminum Powder (15wt %)

and banana fibre reinforced composites with 5% NaOH
improves the mechanical properties of composites. Alkali
treatment removes the lignin and hemicellulose content in
the fibre, also decreases the spiral angle so as to increase the
molecular alignment thus increasing the elastic modulus of
fibre. Improvement of interfacial bonding is significant in
improving mechanical properties. Alkali treatment
provides finer fabric, increase crystallinity, reduction in
number of defects, superior bonding and reduced moisture
absorption [10]. Chemical treatment is needed to improve
the mechanical properties of natural fibers. Most of the
researchers use 1-10% NaOH to improve the properties. For
this study 5% NaOH was used to improve Mechanical
properties. Then, it was washed by down running water.
Finally, it was by distilled water and cured in air for 48 hrs.

2.4. Sample Preparation Methods
The sample preparation was based on 10% fixed weight ratio
of banana fiber to resin-hardener mixture. Majority of
researchers focused on volume ratio of natural fibers to
matrix compositions. But, some of them uses weight fraction.
Again, some of them used different weight/volume fraction
of natural fibers to matrix ratio; while few researchers use
fixed volume/weight ratio of natural fibers to matrix to see
their effect on mechanical properties. In this study, the basic
focus was to see Al-powder filler effect on mechanical and
physical properties of composites. So, this study was carried
out on fixed weight ratio of banana fibers to variable resin
hardener- Al-powder filler composition. Adding more

Note: A= represented for Banana fiber reinforced Polyester matrix
composite

B= Banana fiber reinforced Polyester matrix filled by 5wt % Al-
powder composite.
C= Banana fiber reinforced Polyester matrix filled by 10wt % Al-
powder composite.
D= Banana fiber reinforced Polyester matrix filled by 15wt % Al-
powder composite.
Generally, to obtain high mechanical properties of
composite, considering cause-effect plays great role. In this
study, causes and parameters are considered to produce
sample from banana fibers. Among many factors those
affects the results of fabricated composite; I have clearly
focused on some of them. The causes/parameters those
should be taken into consideration during fabrications of
laminated composites are as I have tried to show by below
cause-effect fishbone diagram. The cause/parameters those
controlled at hand lay-up process gets attention in one or
more way to obtain quality product that show better
mechanical and physical properties. The produced mold for
sample producing were cleaned by releasing agent (wax)
and dried before pouring resin-hardener mixture/resin-
hardener-Aluminum powder mixture on it. The mixed
resin-hardener mixture/resin-hardener-Aluminum mixture
based on weight percentage which stirred manually poured
on the clean mold. The treated banana fibers were
distributed uniformly over resin poured on the mold in non-
woven orientation. Again, resin-hardener mixture/resin

5
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hardener-Aluminum powder was poured on the banana
fiber layer. The excess resin and air bubble were removed
from the composites by using hand roller. It was also used
to uniformly distribute mixture of resin-hardener/resin-
hardener-Aluminum powder through the composites.
Then, banana fiber and mixtures of resin are added till the
required thickness and samples are produced. Then, it was
compressed under 50kg for 24hrs to remove excess resin
mixture and air bubble.

Structure and chemical _— =
composites Working Coaditions
HarvestiogConditions
plant variety'type of fiber

NokdSaz
Frocessing letiod

Soil Type
Climatc condions ~"achineg Condans

Traesportzion

Testagchinzs

Optimal Mechanical
Content /" istre absopionwetabiity Properties
2 4 Adhesion conditions
Densiy Vissmalin
Porous celularstructure Tipe
Renewability
Lengh, diameter, & shape Ratio

. Amouat
Orientation

Vieighthokme fracons

s Size
Washing/drying ﬁ/
Fibers reated ‘ Resin& Hardener Fillrs

Fig 2: Fish-bone diagram of factors those affects the
mechanical properties of Natural fiber reinforced
composites

By considering some of these six causes those play a great
role to obtain laminated composite fabricated from banana
fiber reinforced polymer composite filled Aluminium
powder filler optimal mechanical properties; the procedure
to fabricate sample was as shown in figure 3.

Fig 3: Banana fiber reinforced polymer composite fabrication

procedures

2.4.1. Mould Preparation
The mold was fabricated from Aluminum sheet of
30cmx25cmx6mm size by bending machine as shown in
figure 4. The fourth direction was closed by sheet
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Aluminium of 5mm to obtain uniformly distributed
laminated composite sample.

25

TRl

” - 30 *

Fig 4: Mould dimension to fabricate laminated composite

2.4.2. Preparation of Banana Fibers reinforcement-
resin-hardener mixture filled Al-powder
filler based on weight fraction

The fiber orientation selected for this study was chopped
short randomly distributed (non-woven mat) fashion
because one can be fabricating easily any product from
waste banana stem by this method. The fiber was chopped
into 8-10cm length and randomly distributed over 120cm x
75 c¢m areas based on 10 wt% to resin-hardener/resin-
hardener-Al-powder filler —mixture. After equally
distributed over the area, load was applied over fiber to
hold fibers on distributed location and then chopped by
scissors for four (4) samples to be produced. Each sample
has three layer of banana fibers and four layers of resin-
hardener/resin-hardener-Al-powder mixture. Mix by
weight ratios are recommended for accuracy, especially for
smaller batches of composite like this study. The mixing of
small test batch is familiar to mixing and curing process
before applying the whole mixture needed to produce the
composite. The test batch verify that resin: hardener to Al-
powder filler ratio is accurate each time. The mix by weight
method is more preferable for small batch of resin to
hardener that determines the proper mixing ratio for this
thesis purpose. Then the proper amount of resin to hardener
was added to pure and clean containers. During pouring of
resin and hardener into the container; adding of the correct
amount of hardener to achieve an accurate ratio was carried
out. Then mixture was stirred well and cure to scrapes the
sides and bottom of the container. It was stirred until the
mixture is no longer hazy. Mixing takes place a few minutes
depending on the batch sizes amount of Al-powder filler
used per sample. 2-4-minute mix was done till uniform in
color and viscosity. Then, the stirred and well mixed resin
hardener/resin-hardener-Al-powder filler was poured on
mold. The banana fiber was added over matrix and rolled

6
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well by roller. Again resin-hardener/resin-hardener-Al-
powder filler was poured over banana fiber layers. By the
same fashion all samples were done till the required
thickness was obtained.

2.5. Experimental setups and Procedures

Specimen for Mechanical and physical tests are prepared
according to dimension requirement and machines
standard. Then average values are taken for analysis. For
density measurement also three specimens are taken from
each sample and an average result was used for analysis.
Micro hardiness and water absorption tests are done on
single specimens of each sample. All specimens are cut by
circular cutter, grinder and Abrasive cutter.

2.5.1. Specimen preparation procedure for all
Samples

Specimen for each sample was prepared based on the
dimension requirements of the mechanical and physical
properties test that was conducted for this study. The
dimension requirement for tensile strength test on 2000kN
UTM of Ethiopian Conformity Assessment Enterprise based
on ISO 6892-1 was indicated by figure 5 below. Three
specimens per sample was prepared by using circular cutter
and grinder and finally polished by polishing paper.
Specimen for compression strength test was also cut by
circular cutter and grinder based on the dimension
requirement. For microstructure and micro-hardness
specimens are produced by using abrasive cutter.

p—o18 y 918
' < ii6.4 P
L 300 !

Fig 5: Specimen dimension for tensile stress measurement
on UTM-2000kN machine
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Sample A-D for 2000kN Universal Testing Machies

Samples for tensile test

Fig 6: Specimen identification codes (User’s code) for
tensile test on UTM-2000kN

2.5.2. Testing Procedure of Specimens
The test procedure of sample was conducted by preparing
specimen based on the kind of test conducted. The
mechanical and physical properties test conducted in this
study is indicated by Table 3 given below.

Table 3: Tests and machine on which tests was conducted

S.No Name of the Name of the Machine
test

1 Tensile UTM-2000kN
Strength

2 Density Water immersion method

3 Micro Vickers Hardness Tester
Hardness (HVS-50)

4 Moisture Water immersion
Absorption Method

5 Microstructure | Metallurgical Microscope

2.5.2.1. Tensile strength

Tensile stress test was done at Ethiopian Conformity
Assessment Enterprise on UTM 2000Kn. It determines
tensile properties of banana fiber polymer composite filled
Al-Powder filler in the prepared sample plane. For all
samples three specimens are prepared and average results
was used for comparison of the results. The specimens were
designed as: A1, Az, As, By, Bz, Bs, C1, C2, Cs and Ds, D2, Ds
based on Aluminium powder filler content and trial number
for each sample.
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2.5.2.2. Density measurement

Actual density (o«) of the composite is determined
experimentally by simple water immersion technique with
the use of the sample of 30mmx30mm dimensions. Three
specimens were tested per each sample and average value
was taken for density analysis of each samples. Each sample
is measured on digital balance at Chemistry department,
Hawassa University, Ethiopia. The volume of each sample
was obtained from displaced water level during immersion
of composite into water.

2.5.2.3. Micro-hardness test

Hardness is the resistance of a material to deformation,
indentation or scratching. The basic goal of hardness testing
is to quantify the resistance of a material to plastic
deformation. The indentation value has high importance for
technical applications which reflects the resistance to
deformation which is a complex property and related to
modulus, strength, elasticity, plasticity and dimensional
stability of a material. The Vickers hardness test uses
square-based pyramid diamond indenter with an angle of
136° between the opposite faces at the vertex, which is
pressed into the surface of the test piece using a prescribed
force, F.

HV= Constant x Test Force/Surface Area of Indentation

i 0
0.102+2F (-25)

B2 e, 1)

Equation 1 above was taken from manual of HVS-50
machine of Adama Science and Technology University. The
HVS-50 machine used for this project has measuring rage:
5-2900 HV, Test Force: 9.807, 49.03, 98.07, 196.1, 294.2,
490.3N, maximum height of test piece: 180mm, depth of
throat: 125mm, magnifications of the measuring system:
125X, 250X and minimum scale value of the optical
micrometer: 0.5um. load used during hardiness test was
49.03 N (10kg.f) on three trails per each sample. Average
result was used for comparison of HV value of all samples.
The micro-hardness testing machine and abrasive cutter is
shown by Figure 7 below.
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Fig 7: Abrasive cutting in action (RB-203), Micro-hardness
measurement under Vickers Hardness Tester (HVS-50)

2.5.2.4. Water Absorption percentage

According to literatures source moisture absorption was
conducted in accordance with ASTM D570-98. Single
specimens of each composite are cut and their weights are
taken as per their samples. All samples were immersed into
water for 8 days. Then the specimen is removed from water
and cleaned by dry materials and their weights are
measured within 24hrs difference. The measurement was
taken immediately after the specimens removed from
immersed water, dried by dry materials and exposed to air.
The specimen size prepared was 30mmx30mm. the
following equation was obtained from [10].

wt—wo mw-—ma
% Water Absorption="wo 100 =—=—"2—+ 100 (2)

Where, wt is weight of wet sample

Wo is weight of dry sample

mwis mass of wet sample

ma is mass of dry sample.
3. RESULTS AND DISCUSSIONS

3.1. Introduction

Based on the objectives and methodology of this study the
results of mechanical properties and physical properties are
described by Table 4. The interpretation and analysis were
done by Minitab software. The better composition of the
sample was discussed based on result obtained from
experiment.
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Table 4: Samples result finding of tensile strength and

density
Sample Tensile Density
code strength (MPa) (g/cm?)

Treated banana fiber composite with unsaturated
polyester resin (90wt %) +banana fiber (10wt %)

Ai 28.1 1.031
Az 19.8 1.098
As 23.7 1.079
Average 23.87 1.069

Aluminum Powder (5wt %)

Treated banana fiber composite with unsaturated
polyester resin (85wt %) +banana fiber (10wt %) +

B: 32.8 1.096
B2 32.3 1.095
Bs 23.7 1.096
Average 29.6 1.096

Aluminum Powder (10wt %)

Treated banana fiber composite with unsaturated
polyester resin (80wt %) +banana fiber (10wt %) +

C 42.1 1.075
Cz 247 1.138
GCs 32.4 1.239
Average 33.07 1.151

Aluminum Powder (15wt %)

Treated banana fiber composite with unsaturated
polyester resin (75wt %) +banana fiber (10wt %) +

D1 25.3 1.154
D2 35.6 1.178
Ds 30.9 1.244
Average 30.6 1.192

3.2. Analysis of Tensile Strength

Based on fabricated composite average tensile stress value
sample C (banana fiber reinforced polymer composite filled
10 wt% Al-powder filler) has higher tensile stress. It was

clearly seen as Al-powder filler increase up to 10 wt% tensile
strength increases. But adding more wt% Al-powder filler
results to decrease the tensile strength of the composite.
Sample A (banana fiber reinforced composite polymer) has
lower tensile strength than Al-powder filled composites.
Shortly, from this study point of view Sample A (banana
fiber reinforced composite that do not have Al-powder
filler) exhibits lower tensile stress. Sample B and Sample D
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have moderate tensile stress when compared to unfilled
banana fiber reinforced polymer composite.

Stress vs wt% Al-powder filler Banana fiber composite
50

30 o

Stress MPa

20

Sample A Sample B Sample C Sample D
Composite based on wt% Al-powder filler

Fig 8: Tensile stress vs composite samples based on wt% of
Al-powder filler

3.3. Density

Density of banana fiber reinforced composite increases as
wt% of Al-powder filler increases. The result of Sample D
(banana fiber reinforced polymer composite filled 15 wt%
Al-powder filler) indicates higher density than other sample
results. Sample A has lower density than other composite
samples those filled Al-powder based on wt% Al-powder
filler. Sample B and Sample C have medium density. As the
main objective of the study is reducing the weight and
density of automotive body component, increasing Al-
powder filler beyond some wt% is not recommended.

Density vs wt% Al-powder filler Banana fiber composite

1.20

Density g/cm3

110 4

1.05

Sample A Sample B Sample C Sample D
Banana composite based on wt% of Al-powder filler

Fig 9: Density vs wt% Al-powder filler Banana fiber
composite

3.4. Micro-hardness
The result of micro-hardness of each sample was tabulated
by table 5.
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Table 5: Samples micro-hardness results of banana fiber
reinforced polymer composite filled Al-powder filler.

Composite | Trial 1 | Trial 2 | Trial 3 | Average
A 293.8 2124 198.3 234.83
B 136.6 191.0 207.5 178.37
C 132.0 206.1 1484 162.17
D 133.2 123.2 207.3 154.57

The comparison for each sample is analyzed by taking
average value of three trial value of specimens. The result of
micro hardiness indicates that as wt% Al-powder filler
increases the micro hardiness of samples was decreases.
Sample A has higher micro hardiness value while sample D
has the lower HV value. So, as the Al-powder filler wt%
increase the micro hardiness of composite fabricated from
10 wt% of banana fiber decreases in this study. The
resistance to load decrease by increasing Al-powder wt%
amount.

Micro Hardiness vs wt% Al-powder filler banana fiber composite
240

230 N

220 \

210
200 \

190 \ ‘
180 AN
170 j
160 T ‘

150

Micro Hardiness (HV)

Sample A Sample B Sample C Sample D
Banana fiber composite based on wt% of Al-powder filler

Fig 10: Micro-hardness vs wt% Al-powder filler Banana
fiber composite

3.5. Water Absorption Percentage
Water absorption percentage analyzed for each day and
averagely for 196 hours. Water absorption percentage of all
sample was tabulated and analyzed individually by 24
hours’ time interval for 8 days. The comparison is done on
average value of each samples.
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Fig 11: Water absorption percentage vs duration for 8 days

Sample A, sample C and Sample D have lower water
absorption percentage than sample B. This shows that over
192 hours sample D shows lowest water absorption
percentage than other samples. As Al-powder increase the
water absorption percentage decreases. Lower water

absorption is more recommended for automotive body.
% of Water Absorption vs wt% Al-powder filler Banana fiber composite

5.0

) » 3
\\\

% Water Absoption

25

Sample A Sample B Sample C Sample D
Banana composite based on wt% of Al-powder filler

Fig 12: WA% vs wt% of Al-powder filler Banana fiber
composite

From the result point of view, as wt% Al-powder filler
increases the water absorption percentage of the samples
decrease. Sample B has higher water absorption percentage
which followed by sample A. Sample C and D have less
water absorption properties. Higher water absorption
percentage is not recommended for automotive body and
other industry applications. So, sample D and C are suitable
for automotive body. As compared to unfilled banana fiber,
those Al-powder filled have lower water absorption
percentage.
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3.6. Microstructure
The microstructure results for the all samples are described
in figure 13 below based on their wt% of Al-powder.

*Banana fiber distribution
throughout matrix

Fig 13: Microstructure of Sample A

Microstructure of sample A shows that banana fiber
polymer matrix distribution was to some extent uniform. To
obtain exact uniformity consider other orientation rather
than non-woven, decreasing fiber chopped length, and even
fabricating at micro and nano level may be best option. But,
under this study it is suitable for automotive body
application based on the mechanical and physical
properties results.

Al-powder distr¥bution
-
throughgqut reinforced

polymer‘composite

Fig 14: Microstructure of sampl B
Al-powder filler was seen as it was distributed randomly
throughout laminated composite. At Microstructure Al-
powder filler was seen by white point boundary from
banana fiber mlxed by resin-hardener mlxture

[T T

Uniformly dlstnbu‘ted Al-
'gowder thﬁughout -

Fig 15: Microstructure of sample C
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Al-powder distribution was seen at randomly mixed
boundary to banana fiber polymeric matric composite. As
Al-powder wt% increases the boundary of mixtures clearly
shown. It has better Microstructure mixture.

Area that create
oxnda’uonwuthm -
composﬁ:e *

Fig 16: Microstructure of Sample D

From result seen in sample D the distribution of Al-powder
was not evenly distributed. It was somewhat collected to
some boundary zone. This is due to metallic property of Al-
powder that create oxidation with resin-hardener mixture.
So, as Al-powder wt% exceed some point it was form
oxidation before creating best composite based of weight
fraction of fiber, resin-hardener mixture and Al-powder
filler.

Shortly, beside on the light weight, low water absorption
percentage, better tensile stress and good micro hardness
the whole samples fabricated from banana fiber filled with
Al-powder suitable for automotive body application when
compared to other natural fibers those uses for the same
purpose.

4. CONCLUSIONS

Banana fiber reinforced polymer composite filled with Al-
powder exhibits excellent tensile strength with as Al-
powder filler amount increases (by wt %). In this study, as
wt% Al-powder filler by 10% shows maximum value of
tensile strength. But beyond 10 wt% of Al-powder the
tensile strength of the composite decreased. The maximum
observed value of tensile strength was at sample C which
has 33.07MPa. Generally, Al-powder filled composite have
higher tensile strength than unfilled sample in this study.
Based on the result obtained from this study sample D has
the highest density value, while sample A has the lowest
density. The density of sample D, C, B and A is 1.192, 1.151,
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1.096, and 1.069 g/cm?®respectively. Generally, all samples of
banana fiber reinforced polymer composite fabricated for
this study have lower density than pure Aluminium that
has 2.7 g/cm?. So, all samples are light weight and low in
density.

Experimental result shows that micro hardiness decreases
with Al-powder filler wt% increasing. Sample A has the
highest micro hardiness value of 234.83MPa while sample
D has the lowest micro hardiness value of 154.57MPa.

Results show that as Al-powder filler wt% increase to 15%
water absorption percentage also decreases. Sample D has
the lowest water absorption percentage of 2.79% which
followed by sample C with value of 3.13%. Sample B has
highest absorption value of 4.66% when compared to other
fabricated samples. So, sample D is the optimal sample
which followed by sample C for best water absorption
percentage as the least number is more preferable.

Microstructure of each sample is observed by metallurgical
(optical) microscope. Banana fiber reinforced polymer
composite distribution of sample A shows randomly
distribution of fiber through matrix. Sample B Al-powder
distribution Microstructure seen in non-uniform fashion.
Sample C has best Al-powder filler distribution throughout
banana fiber reinforced polymer composite. But, in sample
D Al-powder filler creates oxidation and form Aluminium
oxidized major zone. Due to metallic property of
Aluminium reaction will be happens with resin-hardener
mixture before uniformly distributed throughout banana
fiber reinforced polymer composite samples those
fabricated. Addition of Al-powder more than 10 wt% forms
oxidation before uniformly distributed throughout
produced composite.

For justification since light weight, water absorption and
strength are the crucial and critical factor in automotive
industry to reduce fuel consumption and environmental
pollution, banana fiber reinforced polymer composite filled
with Aluminium powder filler is compatible to use in
different interior part of vehicles. The maximum density of
fabricated composite from banana fiber is obtained at 15
wt% Al-powder filled with 1.192 g/cm?. This density is
better when compared to 2.7g/cm?® of Al-powder and 1.1
g/cm? of polyester resin.
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Tensile strength of banana fiber reinforced polymer
composite filled Al-powder filler fabricated under this
study for sample A, B, C and D has an average tensile
strength value of 23.87Mpa, 29.6MPa, 33.07/MPa and
30.6MPa respectively. Micro-hardness and water
absorption percentage of banana fiber reinforced polymer
composite filled Al-powder is best when compared to
synthetic fiber composite. When compared to other
composite fabricated sample C has higher tensile strength,
better Microstructure, moderate water absorption
percentage and density. Overall optimal mechanical and
physical properties obtained at sample C when compared to
other samples fabricated in this study. Generally, based on
mechanical and physical properties all samples are suitable
for automotive body.

ACKNOWLEDGMENTS

Above all, I give special thanks to the Almighty Allah for
everything of the merits is due to his gracious and merciful.
It gives me enormous pleasure to express great thanks to my
advisor Dr. | Bhaskaran and co-advisor Dr. Perumalla
Janaki Ramulu for their continuous support, correction,
supervision and constructive comments greatly help me
during doing this thesis work.

I would like to thank Mr. Danye Addisu lecturer at School
of Chemistry Hawassa University for his guidance and
advice during conducting fibers chemical treatment at their
school laboratory.

I am greatly thankful my close friend Mr. Diriba Tilaye
former lecturer and chairman of school of Mechanical and
Electromechanical Engineering at Hawassa University and
PhD candidate at University of Kassel, Germany for
purchasing and sending me Al-powder filler that I used for
this study.

Again, it is a great pleasure for me to acknowledge my
beloved wife Damu Bedane and my lovely daughters Iman
and Sumeya Robson, and also to my mother Bunda Huluka,
my father Balcha Wakeyo and my entire family for their
moral, financial and endless support and encouragement
during my thesis work. Thank you again!

Lastly, I would like to give thanks to my friends and
classmate those support me during fiber extraction and
composite fabrication i.e., Nuguse Hamu, Maru Denebo,
Murtessa Debasa, and Robsen Gena.

12

IJSER © 2020
http://www.ijser.org



International Journal of Scientific & Engineering Research Volume 11, Issue 11, November-2020

ISSN 2229-5518

REFERENCE

[1] Alves, C, Silva, A.]., Reis, L. G., Freitas, M., Rodrigues,
L. B., and Alves, D. E. (2010). Ecodesign of automotive
components making use of mnatural jute fiber
composites. Journal of Cleaner Production, 18(4), 313-327.

[2] Baharin, A., Fattah, N.A., Bakar, A. A., and Ariff, Z. M.

(2016). Production of laminated natural fibre board
from banana tree wastes. 5 International Conference on
Recent Advances in Materials, Minerals and Environment
(RAMM) and 2" International Postgraduate Conference on
Materials, Mineral and Polymer (MAMIP), 4-6 August
2015 Procedia Chemistry, 19, 999-1006.

[3] Bakri, M. K. B., Jayamani, E., and Hamdan, S. (2017).
Processing and Characterization of Banana Fiber/Epoxy
Composites: Effect of Alkaline Treatment. Materials
Today: Proceedings, 4(2), 2871-2878.

[4] Benitez, A. N., Monzon, M. D., Angulo, 1., Ortega, Z.,
Hernandez, P. M., and Marrero, M. D. (2013). Treatment
of banana fiber for use in the reinforcement of
polymeric matrices. Measurement, 46(3), 1065-1073.

[5] Bogoeva_Gaceva, G., Avella, M., Malinconico, M.,
Buzarovska, A., Grozdanov, A., Gentile, G., and Errico,
M. E. (2007). Natural fiber eco-composites. Polymer
composites, 28(1), 98-107.

[6] Dittenber, D. B., and GangaRao, H. V. (2012). Critical
review of recent publications on use of natural
composites in infrastructure. Composites Part A: Applied
Science and Manufacturing, 43(8), 1419-1429

[7] Edeerozey, A.M., Akil, H. M., Azhar, A. B., and Ariffin,
M. Z. (2007). Chemical modification of kenaf fibers.
Materials Letters, 61(10), 2023-2025.

[8] Fragassa, C. (2017). Marine Applications of Natural

Fibre-Reinforced Composites: A Manufacturing Case

779

Study. In Advances in Applications of Industrial
Biomaterials Springer (pp. 21-47).

[9] Geethamma, V. G., Mathew, K. T., Lakshminarayanan,
R., and Thomas, S. (1998). Composite of short coir fibres
and natural rubber: effect of chemical modification,
loading and orientation of fibre. Polymer, 39(6-7), 1483-
1491.

[10] Haldar, P., Modak, N., and Sutradhar, G. (2017).
Comparative Evaluation of Mechanical Properties of
Sisal-Epoxy Composites with and without Addition of
Aluminium Powder. Materials Today: Proceedings, 4(2),
3397-3406.

[11]Jordan, W. and Chester, P. (2017). Improving the
Properties of Banana Fiber Reinforced Polymeric
Composites by Treating the Fibers. 3rd International
Conference on Natural Fibers: Advanced Materials for a
Greener World, ICNF, (pp. 283-289). Braga, Portugal.

[12] Paul, S.A., Boudenne, A., Ibos, L., Candau, Y., Joseph,
K., and Thomas, S. (2008). Effect of fiber loading and
chemical treatments on thermophysical properties of
banana fiber/polypropylene commingled composite
materials., (pp. 1582-1588).

[13] Pervaiz, M., Panthapulakkal, S., Birat, K. C., Sain, M.,
and Tjong, J. (2016). Emerging trends in automotive
light weighting through novel composite materials.
Materials Sciences and Applications, 7(01), 26-38

[14] Prasad, V., Joy, A., Venkatachalam, G., Narayanan, S.,
and Rajakumar, S. (2014). Finite Element analysis of jute
and banana fibre reinforced hybrid polymer matrix
composite and optimization of design parameters using
ANOVA technique. 12" global congress on manufacturing
and management, GCMM 2014, (pp. 1116 —1125).

13

IJSER © 2020
http://www.ijser.org



International Journal of Scientific & Engineering Research Volume 11, Issue 11, November-2020

ISSN 2229-5518

[15] Pujari, S., Ramakrishna, A., and Balaram, K.T. (2017).
Prediction of Swelling Behaviour of Jute and Banana
Fiber Composites by using ANN and Regression
Analysis. ICAAMM-2016 (pp. 8548-8557). Materials
Today: Proceedings 4.

[16] Pujari, S., Ramakrishna, A., and Kumar, M.S. (2014,
February). Comparison of Jute and Banana Fiber
Composites: A Review. International Journal of Current
Engineering and Technology (Special Issue-2), 121-126.

[17] Raj, J., Gebre, T., Mehamud, I., and Zeleke, C. (2016,
May 514-521). Mechanical Property Evaluation of Bi-
Directional Ethiopian Banana Fiber Epoxy Composites.
International Journal of Advance Research in Science and
Engineering, Vol. No: 5(Issue. No: 05).

[18] Ramesh, M., Atreya, T. S. A., Aswin, U. S., Eashwar, H.,
and Deepa, C. (2014). Processing and mechanical
property evaluation of banana fiber reinforced polymer
composites. Procedia Engineering, 97, 563-572.

[19] Sapaun S.M., Leenie, A., Harimi, M., and Beng, Y.K.
(2006). Mechanical properties of woven banana fibre
reinforced epoxy composite. Materials and Design 27,
689-693.

[20] Satyanarayana, K. G., Guimaraes, ]. L., and Wypych, F.
E. R. N. A. N. D. O. (2007). Studies on lignocellulosic
fibers of Brazil. Part I: Source, production, morphology,
properties and applications. Composites Part A: Applied
Science and Manufacturing, 38(7), 1694-1709.

[21] Singh, J. I. P., Dhawan, V., Singh, S., and Jangid, K.
(2017). Study of Effect of Surface Treatment on
Mechanical Properties of Natural Fiber Reinforced
Composites. Materials Today: Proceedings, 4(2), 2793-
2799.

780

[22] Temesgen, A. G., and Sahu, O. (2014). Process ability
enhancement of false banana fibre for rural
development. Journal of Agricultural Economics,

Extension and Rural Development, Vol. 1(6), 064-073.

14

IJSER © 2020
http://www.ijser.org





