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Abstract

in modern times there is a growing concern about replacing polluting and not recyclable
synthetic fibers, as well as rare wooden fibers, with sustainable lignocellulose fibers
derived from agricultural leftovers for reinforcement bio-composites. Currently in
Ethiopia, the accident rate of vehicles on the road is increasing. Along with that, Vehicle
security is a significant topic of study to safeguard. not only structures but also occupants
in the event of a crash. In the other side the fast increase of population and development
of cities required demand for transport, hence to full fill the demand recently the vehicles
are imported in large amounts at the same time which requires accessory’s for
replacement of their parts, so the front bumper of those vehicle is the most parts
demanded due to it is the most exposed part during crash. The Enset fiber and coffee
husk were collected from Ethiopia's Southern Nations, Nationalities, and People's Region
(SNNPR) Gedeo zone, Yirgachefe district. Sun-dried Eset and coffee husk were treated
with a 5% sodium hydroxide mixture to remove more cellulose, hemicellulose, lignin,
and additional fiber chunks to increase binding and facial shear strength. Following that,
Enset-coffee husk fibers reinforced hybrid composite was created utilizing a hand layup
method on the 40-60%, 30-70%, and 20-80% fiber weight percentages of matrix weight
to total fiber volume. Tensile, compressive, its impact, flexural, and absorbance of water
tests were then performed to determine which constituent of the composite had higher
strength under load. While the mechanical and physical properties of the composites were
assessed, the composite C5 with E20%-CH10%-E70% possessed the best mechanical and
physical properties, with a tensile strength of 43.30MPa, flexural strength of 93.38 MPa,
compression strength of 21.23MPa, impact energy of 3.5J, and water absorption
percentage of 3.55%. In addition, the front bumpers was modeled in ANSYS 19.2 and
composite C5, yielding an optimal von missed stress of 39.119MPa and distortion of
15.09mm. According to the findings and analyses, the chosen Enset-Coffee husk-Epoxy
hybrid composite might be explored subsequently as a low-speed crash replacement

material for the front bumper.

Key word: Front Bumper, Tensile strength, Flexural Strength, Compression strength,

coffee husk, Enset.
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husk and Enset fiber-reinforced epoxy composites.

Chapter One

Introduction

1 Background of the Study
Composites are typically used in buildings that need a high level of mechanical skill.
Because of the improved strength-to-weight and rigidity-to-weight proportions, they have
permitted the development of lighter-weight constructions that commonly replace
standard metal frameworks. The combination of materials in composite constructions

produces a structure with properties that none of the separate components can achieve.

In recent times, there has been a noticeable increase in the mass manufacturing of epoxy
matrix-reinforced reinforced composites containing fiber and/or filler. They are widely
used for a variety of structural reasons due to their remarkable strength-to-weight and
stiffness-to-weight ratios, such as in the automobile, aviation, and chemical

manufacturing sectors[1].

In composite products, reinforcing fibers are employed for integrating the best qualities
of the two materials. These composites retain the fibers' excellent stiffness and strength
while having less vulnerable to deterioration and deficiencies than homogenous
materials. The matrix, which might be polyester, epoxy, or vinyl ester, keeps the
reinforcements together, resulting in a variety of morphologies. The fibers carry the
majority of the applied loads, increasing the matrix's both physical and mechanical

characteristics.

Fiber reinforced polymer composites, in contrast to traditional materials like steel and
aluminum, exhibit anisotropic properties. Unlike isotropic materials, which have identical
mechanical properties in all directions, anisotropic materials have varying mechanical
properties depending on the direction. Consequently, fiber reinforced polymers are
considered directional materials, with the optimal mechanical properties aligned with the

direction of reinforcement. To ensure the best performance, the fibers are strategically
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placed within the composite material based on the anticipated load, the variety and

orientation of reinforcements were chosen based on the specific use[2].

The utilization of fiber reinforced polymers has been widespread, with a primary focus on
reducing weight and increasing resistance to corrosive environments. As a result,
industries such as aerospace, motor sports and boating have predominantly made use of
FRPs. This suggests that FRPs hold immense potential for creating structures that are not

only lightweight, but also practical and cost-effective alternatives to traditional materials.

Composite materials are increasingly being used in the automobile sector due to their
advantageous features, notably their low-weight structural benefits that lead to lower
consumption of fuel. Furthermore, the strength of composite materials is greater than that

of traditional materials such as steel and aluminum[3].

The bumper is one of the most significant car elements in terms of absorbing accident
energy. In the event of a collision, a bumper is likely to be damaged since it absorbs
impact energy before the rest of the vehicle's structure. As a result, the damage to the
main body structure is limited and passengers are spared. The energy received from a car
accident was mostly retained by the deformation caused by the plastic of the absorbing
material. To guarantee that the crashed box retains all of the energy in the collisions, it
must have an impact velocity that is equally dispersed to safeguard nearby structures and

take all of the energy from the impact[4].

The current study is select Bajaja Quet RE60 front bumper and modeled using SOLID
work and FEA using ANSYS 19.2. The thesis examines the feasibility of utilizing
composite materials as alternative for materials in the production of automobile body
structural components. The study focuses specifically on how composite materials react
to compression and tensile loads through experimental analyses performed according to
ASTM standards. The bumper is necessary for being affordable by employing low-cost
composite materials as well as reaching lower weight than metallic bumpers.
Additionally, this research not only conducts experiments but also presents comparative

outcomes from ANSYS model simulations of composite materials based on their
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intended applications. The major goal of this study is to acquire mechanical
characteristics data by testing samples of composite materials. This information will be
gathered and contrasted with the findings of [5], who conducted similar experiments on
composite materials subjected to tensile and compression loads, as these are the most
common applications of composite materials across a range of industries. Furthermore,
the findings will be modeled using SOLID WORK 2016 software and analyzed by
ANSYS Workbench 19.2, finite element software.

A number of investigations have attempted to use Coffee Husk in value-added
applications such as particle board, fuel source, dye adsorbent, bio manure, or as an
organic acid precursor. However, the majority of the Coffee Husk literature includes
considerable chemical treatments and energy-intensive processes. The high
manufacturing cost, poor selectivity against contaminants, and low thermal efficiency

limit the use of CH in real-world applications[5].

One solution that alleviates worries about the aforementioned issues is the use of coffee
husk and enset fibers. Traditionally, enset/false banana fiber was used to make fences,
curtains, seat cushions, bags, string, rope, and animal feed. The fabrication of car body

pieces using Enset fiber is a relatively new technique [6].

As aresult, it is conceivable to design and manufacture hybrid fiber bumpers from coffee
husk and enset fiber-reinforced composite materials as an alternative to imported
bumpers, and it may be enhanced via composite research and application [6]. This study
offered a coffee husk and enset fiber hybrid as a novel low-cost, locally plentiful material

for the production of a low-speed hybrid fiber front bumper.

1.1 Problem of Statement
Currently, the number of automobile accidents on Ethiopian roads is growing. Vehicle
security is also an essential study field to safeguard not only structures but also occupants
in the event of an accident. In the other side the fast increase of population and
development of cities required demand for transport, hence to full fill the demand

recently the vehicles are imported in large amounts at the same time which requires
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accessory’s for replacement of their parts, so the front bumper of those vehicle is one of
the parts demanded due to it is the most exposed part during crash. To minimize the
above problems and to create alternative materials for the demand of composite bumpers,
alternative approaches were chosen, and among them is the production and use of natural

fiber-reinforced composite bumpers.

Utilization of Enset — Coffee husk hybrid reinforced epoxy for bumper production is thus
one alternative, and it seems capable to use these raw materials for such purpose. The
reason for using coffee husk and enset fibers rather than individual fibers is to improve
the impact strength and flexural and tensile moduli. It also increases the possibility of

utilizing both raw materials for bumper production will be investigated concurrently.

1.2 Objective

1.2.1 General objective

The general goal of this thesis is to create and describe Enset-coffee husk fiber-reinforced

epoxy hybrids composites of varied proportions.
1.2.2 Specific objectives

» Fabrication of Enset-coffee husk—epoxy hybrid composite with different composition
using hand lay-up manufacturing technique.

* To investigate and analyze the mechanical properties of Enset-coffee husk - Epoxy
hybrid composites with different compositions in terms of tensile, compression,
flexural, impact, and physical properties such as water absorption using ASTM
standards.

* To simulate and explore the recommended material for Qute RE60 Front bumper
model using ANSYS 19.2 software

e Evaluating and comparing the appropriateness of the created composite material for

the desired application.
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1.3 Research Questions
*  Which of the evaluated enset-coffee husk hybrid fiber reinforced epoxy composite
formulations possesses the best mechanical and physical properties?
* Is it possible to use natural fiber hybrid composite for automotive bumper
applications?
* Is it possible to fabricate and characterize the Enset-Coffee husk hybrid with Epoxy

matrix for low-speed crash front bumper?

1.4 Scope of the study
Bajaj Qute RE60 vehicles may be spotted all across the country and have served an
important role in delivering people and freight mobility. This thesis is only applicable to
Bajaj Qute RE60 automobiles. As a result, the goal of this thesis is to reduce imported
bumpers by applying the best bumper design model.

In this investigation, Enset-coffee husk epoxy hybrid composite specimens of varied
compositions will be manufactured to achieve good mechanical and physical qualities. It
comprises hand-layup manufacture and experimental tensile, compression, flexural, and
water absorption characterization using ASTM standards. Finite element modeling of the

bumper and product analysis using ANSYS 19.2 software [7].

1.5 Limitations of the Study
There were various challenges in finishing this thesis paper. The initial and most common
experimental setups are quite restricted, and finding facilities and machinery to test all
experiments under one roof proved impossible. Furthermore, it was difficult to locate
apparatus and methods for measuring single fiber density, diameter, and other
parameters. Furthermore, little study has been conducted on the hybrid natural composite

of Enset and coffee husk fiber.

1.6 Organization of the Study

The following sections will be included in the thesis:

Chapter One: intends to explain the overall context of the topic as well as the reason for
conducting the research.
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Chapter Two: reviews various literatures to address the detailed science behind natural
hybrid composites.

Chapter Three: Describes the materials utilized, the techniques of preparation, the
procedure, and the circumstances for preparing the samples required for testing.

Chapter Four: The different experimental test findings and ANSYS software results are
contrasted and explained in depth.

Chapter Five: According to the data, develops a conclusion and suggestions In addition,
future work is suggested.
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Chapter Two

Literature Review

2 Composite Materials
Composite are materials composed of at least two distinct fundamental components. The

chemical and physical characteristics of these materials vary widely [8].

The matrix phase shields the reinforcing element from environmental degradation,
transmits loads across the two, and maintains the reinforcement in place. The

reinforcement phase is the principal load-carrying part of the composite material[9].

Versatility, high strength-to-weight ratio, corrosion-resistant, good rigidity, excellent
dumping, low electrical conductivity, light in weight, and inexpensive cost are only some
of the advantages of composite materials in contrast with traditional materials. However,
composite materials have constraints such as long development time, low elasticity,

temperature restriction, and moisture absorption approach. [10][11].

Composite
Materials
]
| 1
Matrix types Reinforcement types
| l 1 1 | 1
Polimeric Metal Ceramics Whisker Structural
matrix matrix matrix reinforced
T L I |—l—|
Particle Laidast ,
Thermo- Thermoast . aminate Sandwitch
platics Al reinforced
i Glass, — —
l N, — Fiber
Nylon, Polyei Cu. Cement Large Dispersion| | .o e od
. i : strenghted
P, vinylester, L particle | - l. .
ABS,
pC Epoxy, Continous Short Hybrid
’ phenolic.

PPS, = —— I—H
PPO. Uni- Br- Aligned Random || Oblique | [Orthogonal

Frastinnal directional

Figure 2. 1 Classification of composite materials
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2.1 Development of Composites

Years after the discovery and administration of fire, the emergence of the wheel and the
spinning of continuous strands contributed to the success of the composite to make
mankind's life easier. Enabling it to stay alive outside the tropical other climate zones and
extends over the surface of the Earth. From 3400 B.C. Chipboard that was made in Persia
by binding pieces of wood together in different stages, became popular. In Mesopotamia
and Egypt, beginning around 1,500 BC, they employed natural composite building
supplies such as straws and wood to reinforce the bricks made of mud utilized for the
making of homes, ships, and pottery application. In Egypt, between 2181 and 2055 BC,

used sheets of linens or papers were put into plaster[12].

Materials science analyzes influencing factors such as material properties that are
influenced by composition, manufacturing method, and structure. Two or more Nano,
microelements, or constituents that do not dissipate into one another comprise composite

components.

One of the earliest composite materials, Structural composite significant material, was
already utilized more than any other reinforced concrete[12]. More strong materials as

wood and metal soon changed due to very it old composites.

Figure 2. 2 Historical Development Composite that shows ancient people made several

traditional equipment's from wood, sand, and soil using a different method [12].
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Present:

Having begun in early agricultural villages and lasted almost a century, a genuine
renaissance occurred in the second part of the twentieth century with the use of
lightweight composite structures for a range of technical solutions. Initially used
exclusively for their electromagnetic characteristics (insulators and radar shields).In the
last two decades, composites were widely used to improve the structural integrity of
spaceships and airplanes for the military. Continuous fiber-reinforced composites are now
well-established essential materials in the automotive and aerospace industries for
component manufacturing[13]. In this case, composite fabrics allow design freedom at

any cost. With the development of improved resources and growing expenses, cost

reduction in production and process is the key technology controller current time [12].

Figure 2. 3 Current Stage of Composite, a) military purpose,(b)automobile purpose [14].

Future:

In the future, composites will almost certainly be created using a more complex design
approach, resulting in the best possible structure and mechanical design based on stated
requirements like durability, stiffness, shape, mass, strength and costs, etc. [15].Newly
created design material must be able to show clients the impact of a design modification
like building as shown Figure 2.4. By improving productivity and operations, this

improvement in material features has enabled us to continue moving economically
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around the world [16]. The commercial aviation industry is under constant flows to
enhance performance because to rising fuel costs and environmental activism, and weight
reduction is a crucial element. Beyond the day-to-day operational costs, component count

reduction and corrosion reduction can simplify material maintenance the in future.

CFRP

GFRP

Figure 2. 4 Future Development Composite Material[15].

2.2 Classification of composite

2.2.1 Classification based on matrix material

According to the nature of the constituents (reinforcement and matrices), composite
materials are categorized into many classes. Composite materials are classified into four

types based on their matrix composition [6]. They are as follows:

a) Metal Matrix Composites (MMC)

b) Ceramic Matrix Composites (CMC)

c) Polymer Matrix Composites (PMC)

d) Carbon and Graphic Matrix Composites (CGMC)

2.2.2 Metal Matrix Composite
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Metal matrix composites are made up of a metallic matrix and a distributed layer of fibers
[7]. MMC provides various advantages over monolithic metals, such as greater tensile
modulus, better specific strength, enhanced mechanical characteristics at high

temperatures, and a lower coefficient of thermal expansion [1].

Metal matrix composites are being examined for a variety of applications due to their
qualities, including combustion chamber nozzles (in rockets and space shuttles),
housings, tubes, cables, heat exchangers, structural components, and so on. At high
temperatures, they have the potential to be structural materials. The most widely utilized
metals are titanium, aluminum, magnesium, and copper, as well as super alloys. Nickel

and cobalt are the most often utilized metallic matrices[2].
2.2.3 Ceramic Matrix Composite

Ceramic matrix composites (CMCs) are typically employed in high-temperature
applications where environmental assault is a concern. Ceramic possesses key properties
such as high stiffness, hardness, compressive strength, and low density. It is,
nevertheless, fragile and has low fracture toughness. CMC is intended to preserve the
main features of ceramics while compensating for weaknesses such as brittleness and
poor fracture toughness in the material. The primary objective for developing ceramic

matrix composite is to improve the toughness of the material.[1][17].

A wide range of nonmetallic inorganic substances are referred to as ceramic matrix
composites. The primary goal of employing CMCs is to enhance toughness. A ceramic
matrix and dispersed fibers are used to create these composites [18]. They are the logical
choice for high-temperature applications over 15000 degrees Celsius. Because of these
factors, it is also difficult to produce them inexpensively. Silicon carbide, zinc, calcium
phosphate, Oxides, Nitrides, Borides, and Silicide’s, for example, all have melting

temperatures more than 1600°C (2912°F)[19][20].
2.2.4 Polymer Matrix Composite

Polymer matrix composite is a very utilized category of matrices. A polymer is a long-

chain molecule composed of one or more repeating units of atoms connected by strong
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covalent bonds. Polymer molecules in a solid form can be seen as being frozen in space

[21].

They can be orientated in a random way (as in amorphous polymers) or in a combination
of randomized and ordered form (as in semi-crystalline polymers). Polymer matrix
composites offer excellent features such as high stiffness and fracture toughness, as well
as resistance to corrosion and abrasion [22]. Polymers offer a low-density, chemically
resistant matrix that is ideal for uses in aviation, particularly in the construction of

fuselages and wings.
Merits of polymer matrix [20]

Low density

Low thermal conductivities
Translucence

Low electrical conductivities

Good corrosion resistance

YV V. V V V V

Aesthetic color effects
Limitation

Low transverse strength
Poor stiffness

Low operational temperature limit

YV V V V

The poor mechanical properties of polymers are overcome by reinforcements with

suitable particles, whiskers or fibers[1][23].

2.3 Reinforcement Material

Reinforcement materials are the leading component of composites, providing strength,
toughness, and structural load support. As a result, selecting the right reinforcement is
critical for obtaining the desired completed product with the desired qualities. Fiber
Reinforced Composite, Particle Reinforced Composite, Whisker Reinforced Composite,

and Structural Reinforced Composite are examples of reinforcing materials [14].
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2.3.1 Fiber Reinforced Composite

Fiber-reinforced composites are created by embedding fibers in a matrix material. Fibers
are classified into two types: continuous/long fibers and short/chopped fibers. Fiber
direction, fiber being loaded, and fiber dispersion all possess an influence on fibers,
which are an essential class of reinforcements because they accomplish the appropriate
conditions and transmit strength to the matrix elements, influencing and increasing their

characteristics as needed.

Fiber-reinforced composite materials are made up mostly of reinforcing fibers and certain
matrix elements. A fiber has an excellent modulus and strength, while a matrix serves as
a binder for the fiber. Fibers are discontinuous small-to-short reinforcing materials made
from diverse materials such as steel, plastic, glass, carbon, and natural materials in a

variety of forms and sizes[20].

Fibers are roughly categorized into two major types. Natural fiber composites and
synthetic fiber composites are two types of composites. Natural fiber composites are
composites in which the fiber originates naturally (for example, sisal, bamboo, and so
on). Artificial composites are artificially created by mixing two or more elements in
certain quantities under regulated conditions (for example, carbon, glass, etc.). The fibers
rely on fiber qualities such as length, strength, flexibility, maturity, proximity to water,
alkali, acids, and so on. As per the study, synthetic fibers can be supplied with the desired
qualities. Synthetic fibers are tougher than organic ones, easier to process, and have a

longer lifespan[24].
2.3.2 Particle Reinforced Composite

Particle-reinforced materials are composed of fragments that are dispersed as support in a
matrix. There are no lengthy dimensions for these particles. They have polyhedral,

ellipsoidal, sphere-like, or odd shapes [25].

Particulate-reinforced composites are strengthened by the hydraulic repression of fillers
in the matrix and are tough in comparison to the matrix. Because of the three systematical

perpendicular planes, three-dimensional reinforcement particles in composites give
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isotropic material characteristics. At the same time, it is not similar; the material
behaviors gain compassion for the array's geometric forms and bonding qualities. The
composite strength was generally determined by particle size, particle setup, and

reinforcing volume fraction[26].
2.3.3 Whisker Reinforced Composite

Whiskers are a type of fiber that has a single crystal microstructure. Whiskers are shorter
in length than regular fibers. Their composite arrangement is strong, and the most

effective application is made with this reinforcement material [20].

Whisker-reinforced CMC has lately attracted a lot of interest for use as elevated
temperatures structural components in sophisticated heat engines and high-temperature
energy conversion systems, for example. The gains in strength during fractures and
resilience to fractures that can be obtained are of tremendous importance for applications

demanding mechanical reliability [27].

The influence of the whisker/matrix interaction features on the strengthening and
toughening mechanisms is very important for enhancing the mechanical dependability of
these composites. Whisker reinforcements are primarily used to prevent catastrophic
brittle failure by providing energy dissipation mechanisms during fracture propagation.
The degree of energy dissipation is determined by the nature of the whisker/matrix
interface, which may be influenced significantly by matrix chemistry, whisker surface

chemistry, and processing factors[28].
2.3.4 Structural Reinforced Composite

They are classified into two types: sandwich and laminar. The sandwich is made of
layered composite material having an exterior and an interior. It is composed of two
robust exterior sheets, while the interior is composed of a thick material stack.
Honeycomb or foam can be used as the base material. The core's size may be modified as

needed. [20].
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Figure 2. 5 Structural composites (a) laminar composite (b) sandwich panel[20].

2.4 Matrix Material
Matrix materials are used for binds the reinforcement fibers together, Transfers loads and
stresses within the composite structure. The matrix shields the reinforcement from
structural and chemical deterioration. It adds to the overall framework. It provides the
composite structure and develop, toughness, stability over buckling, and stress

distribution[7][21].
2.4.1 Thermosetting Resins

Epoxy, Unsaturated Polyester, and Vinyl Ester are the most often used resins. Chemical
cross-linking is a technique that converts liquid resin into a hard solid. These results in
the development of a densely bonded three-dimensional network, which gives the
polymer block its strength. The mechanical characteristics of diverse resins are
determined by the molecular units that comprise the networks. They are also affected by
the length and density of cross-links. The thermosetting resins' most noticeable attribute
is that they have reduced stresses to failure. These are mostly considered fragile

materials[20,29].

2.4.2 Thermoplastics Resins
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These polymers have no cross-linking structure. The qualities of the individual monomer
units, and also the extremely high molecular weight, contribute to their stiffness and
strength. The benefit of thermoplastics is that there is a high concentration of molecular

entanglements in amorphous thermoplastics. These serve as cross-links [30].

Semi-crystalline materials exhibit some degree of molecular order and alignment. The
disentanglement of molecules in thermoplastics causes them to transition from a solid to
a somewhat liquid (viscous) state when heated. A spherical The crystalline components
are heated to generate a viscous liquid. Anisotropic features characterize these materials.
They are chemically resistant and thermally stable. Many thermoplastics are also
impermeable to water. The most common trait is that all thermoplastics flex significantly
before ultimate breakage. Nylon, polypropylene, acrylics, and other thermoplastics are

commonly utilized [20,21][31].
2.4.3 Epoxy

Epoxies are a widely recognized and useful thermosetting polymer that is used in
combination with a hardener, which is a drying cross-link chemical. [32]. Despite its high
practical strength, waterproofing, chemical susceptibility, superior thermal insulation,
outstanding adhesion characteristics, and stiffness, epoxy has poor UV resistance [8]. The
resin's microstructure may be pressed to create a range of items with varied levels of
efficiency. Epoxies are generally utilized to make exceptionally well-
performance composites with outstanding mechanical qualities. They outperform
polyester resins and phenolic resins. Epoxy resin has several advantages, including good
mechanical and thermal qualities, high water resistance, a long working duration, and
minimal cure shrinkage. It also has certain disadvantages, including high cost, crucial

mixing, caustic handling, and limited UV resistance. [22].

The thermoset polymer matrix is employed as a binding material in this work. This is
known as Epoxy resin. Epoxy resins are low molecular weight pre-polymers that may be
treated in a variety of ways. The epoxy matrix's purpose is to hold the fiber in place and

transfer loads to the fibers. [1].
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Epoxy resins have the benefit of being able to be partially cured and kept in that state, as
well as having minimal polymerization shrinkages during cures, exceptional mechanical
strength, outstanding resistance to chemicals and solvents, and excellent adherence to
fibers. In this investigation, AY-105 epoxy with 2021 hardener was employed, which is
chemically related to the epoxide family. The two ring groups in the heart of the epoxy
molecule help it absorb mechanical and thermal stresses better than linear groups. It
contributes to the epoxy resin's excellent rigidity, hardness, and heat resistance [1] [25].
Because of its high adhesive properties, epoxy resin requires a long curing time and has

poor mold release qualities.

Table 2. 1 property of some thermoset matrix materials[20].

Resin Density Tensile Modulus Tensile Strength
Materials (g/cm ¥) GPa (10 ®psi) MPa ( 10° psi)
Epoxy 12-14 2.5-5.0(0.36-0.72) 50-110(7.2-16)
Phenolic 1.2-14 2.7-4.1(0.4-0.6) 35-60(5-9
Polyester 12-14 1.6-4.1(0.23-0.6) 35-95(5.0-13.8)

The following characteristics should be found in a good resin:[22].
Good impregnation - enables fibers to connect with Matrix to form strong bonds.

Moisture content is controlled - therefore environmental influences shouldn't have an
impact on its usage.

Non-toxic- is it safe to work with common safety requirements.

High availability — is availability in market is the most useful thing.

2.5 Fibers
By virtue of their anisotropy, fibers represent a distinct class of materials. Fibers are long
in comparison to their diameter. This known as the high aspect ratio accounts for the

material's distinct features in comparison to the entire material. Common fibers for use in
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composites have strong strength and stiffness parallel to the fiber axis but are weak and

flexible perpendicular to it.[20].
2.5.1 Types of Fibers

Relying on the origin of the fiber, there are two sorts of fibers. The two varieties are

natural fiber and synthetic fibers.

Fiber
I
[ ]
Natural Fiber Manmade Fiber
I I
[ I ] [ [ ]
Natural vegetable Natural Animal Natural Mineral Regenerated Synthetic manmade other manmade
: g Fiber Fiber manmade Fiber fiber Fibers
Seed Fibers L Cellulose, —
— — Wool Asbestos - ) - Polyester — Metallic Fiber
(cotton) Viscose :
LeafFibers (Jute. Protei Polyvinyl
|| Linen, Flax, Ramie, —] Silk — roteln, — olyy "f“ ’ — Glass Fiber
Kenaf) Acetate Acrylic
. Alginate, s -
Bast Fibers(Abaca, | | Hair — Lyocell 1 Polyolefin — Carbon Fiber
— Banana, Sisal, Enset, N
hemp. sunn, coir )
— Others

Figure 2. 6 Types of fiber depending on their sources [15].
2.5.2 Natural Fibers

Natural fiber grows naturally plant; there is non-homogeneity in their property. Cellulose
is the most essential structural factor of which fibers are commonly used. Researchers are
increasingly interested in natural fiber-reinforced composites because fiber plant is
lightweight, has low prices and is readily available, and are recyclable in a range of
industries; Composites made of natural fibers may be able to replace artificial fibers [18].

Natural fiber-reinforced polymer composite materials are becoming increasingly popular
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in both industry and fundamental research. They are completely or mostly recyclable,

renewable, nontoxic, and inexpensive. Composites made from natural fibers are used in a

range of sectors, including aerospace, railroads, trucks,

and coaches, military

applications, other themes mentioned include building and development (ceiling panels,

partition boards), packaging, consumer goods, and others[33]. Bast, leaf, seed, fruit,

grasses/reeds, and wood fibers are all-natural fibers found on plantations.

purposes natural fibers are becoming increasingly popular

benefits, and recyclability are only a few examples [16].
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Figure 2. 7 Classification of Natural Fiber [33].

The Advantages of natural fibers are;[20].

« Natural fibers are environmentally friendly;

Wood
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wood
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« They possess a low specific weight, which gives them more strength;

« They have superior electrical resistivity.

« They are non-irritating to the skin,
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« Their manufacture uses less energy and generates less emissions of carbon
dioxide.

« An expensive in cost.
« They have excellent thermal and insulating qualities.

Limitation of natural fibers

Natural fibers are often hydrophilic, meaning they can hold moisture. The plant fiber cell
wall has a substantial quantity of hydrogen bonding (hydroxyl groups OH). When
wetness accumulates in the fiber, these hydroxyl groups form new hydrogen bonds with
water molecules. This is owing to insufficient fiber-matrix bonding, matrix fracture,
geometrical instabilities, and poor mechanical characteristics of the composites[34]. As a
result, moisture must be extracted from the fibers prior to the manufacture of the
composites. Aside from that, natural fiber retention of water can be lowered by chemical
treatments such as alkali, salt, acetylation, and peroxide [35]. Livestock fibers, mineral
fibers, and plant-based fibers are the three categories of natural fibers depending on their
origin. NF composites are outstanding performance composite materials made up of

polymer matrices and natural fiber reinforcement[36].

Animal Fibers: Wool and silk are examples of animal-derived fibers. Animal Fibers are
made up entirely of proteins and the animal's protecting epidermal coating. Animal Fibers
are derived from sheep, camels, cashmere and mohair goats, rabbits, yak, silkworms, and

Vicuna[37].

Mineral Fibers: Mineral-based fibers are inorganic minerals that have been formed into
fibers, such as asbestos. These fibers are flame and chemical resistance and are utilized in

industrial applications[16].

Plant Fibers: Plant's natural fibers are organic fibers made up of -cellulose,
hemicellulose, lignin, pectin, and wax. They are broadly accessible, which is the
fundamental cause why this sort of fiber is preferred among others.[38]. Origin, aging
environment, techniques for processing, growth circumstances, and topographical and

climatic variables may all affect plant fiber characteristics and qualities. At this level of
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advancement, biodiversity, location, and climate influence the quality and characteristics
of the environment. At the time of collection, age and cell wall thickness might have an
impact on quality. Even the extraction method may have a considerable influence on the
fiber's quality and characteristics. As a result, prior to processing and selection, it is

critical to conduct a thorough investigation of the fibers[33].

These fibers have many advantages, including renewability, recyclable, biodegradability,
environmental friendliness, and low cost. Some disadvantages include being hydrophilic,
having poor wettability, having weak fiber-matrix interfacial bonding, becoming readily
broken during manufacture, and deteriorating at temperatures exceeding 2000 °C.

Because of these factors, the rigidity of plant fiber-reinforced composites is reduced [22].

Natural plant fibers are categorized into six groups depending on the plant portion
removed. A few of them are the bast fibers, leaf plant fibers, seed plant fibers, fruit plant

fibers, wooden plant fibers, stalks plant fibers, and grasses plant fibers[36].

Bast fiber: They come from the outer layer or bast. They are stronger than other plant
fibers in terms of tensile strength. Bast fibers are those taken from the outer cell layers of
many plants' stems. Enset (false banana), flax, jute, hemp, ramie, and kenaf belong to the
principal plants used to furnish bast fibers. Because they are yearly crops, there is an
abundance of materials, and they have gained popularity in a number of non-wood

composite production techniques[29].

2.6 The Need for Hybrid Composites
A hybrid composite is one that has at least two different reinforcing fibers in the matrix.
The elevated material and manufacturing costs, toxicity, and specific gravity of artificial
fibers stimulated a passion for natural fibers [39]. Organic fibers had their applicability
limited due to their lower mechanical characteristics when contrasted with synthetic
fibers. Natural fibers' substantial moisture intake, poor wettability, limited thermal

stability, and poor bonding capabilities are just among some of its drawbacks[40].

Conventional FRP composites are not as advanced as hybrid composites. Numerous

reinforcing phases with just one matrix phase, a sole reinforcing phase with numerous
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matrix phases, or various reinforcing phases and several matrix phases are all possible in
hybrids. They are less rigid than other fiber - reinforced composites. It is typically made
up of an elevated modulus fiber and a lower modulus fiber. The high-modulus fiber
provides strength and load-carrying capabilities, while the lower-modulus fiber causes
the composite more damage resistant and retains the material expense reasonable. The
mechanical characteristics of the hybrid material can be varied by modifying the volume

ratio and layering arrangement of various plies[41].

Composite developers can modify the qualities of the composite material through
hybridization to match their individual demands. Because the purpose of composites is to
combine the greatest characteristics of all parts, hybrid composites offer an excellent
chance to obtain the optimum cost-performance ratio. Hybrid fibers with variable
orientations are becoming more frequent. Because the component fibers are well blended,

there are no distinct groups of either kind of fiber in the composite [34].

Composites with a mix of more than one particle reinforcement to improve have the
ability of improving the mechanical characteristics of composite materials. The
performance of hybrid composites is the consequence of individual elements cooperating
to produce a better balance of benefits and drawbacks[42]. Hybrid composites have

numerous applications in the technology, medicinal, military sectors, and many others.

Composites studies have been one of the most interesting pursuits in technological and
scientific research over the past 30 years. Many approaches are used to alter the
composition and regulate the characteristics of this miraculous substance. For specialized
uses, new composite materials are invented, and the knowledge is transmitted to
companies for large-scale manufacturing. The coupling of structural inorganic materials
with active natural and biological parts, in particular, resulted in hybrid materials playing

the most diverse role in several fields of materials science and technology[43].

2.7 Enset/ False Banana Plant
The enset plant, similar to the banana, belongs to the Musa family. The plant is a big

continuous herb having pseudo stems formed from leaf sheaths. Its overall height ranges
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from 3.0 to 12.2 meters, and it is encircled by 8 to 12 big leaflets. The leaves may grow
to be as much as 9 feet tall and 2 feet broad (2.7 meters and 0.61 meters, respectively). Its
fruits range in size from 4 to 12 inches (10.2- 30.5 cm) [44]. Eset tree components are
used for a variety of purposes, including fruits as "KOCHOQO" sources of food, leaf for
packaging, and stems for fiber and clothing. The fiber is extracted by crushing the plant's
stalks' outermost layers. It is lightweight, robust, and long-lasting. It produces a white
glossy hue fiber after extracting and drying. One distinguishing feature of the fiber above
all other fibers in this category they have high toughness and resistance to moisture

behavior, making it particularly suitable for marine ropes[33].

The southwest highlands of Ethiopia are the most rapidly growing locations. This isn't to
say that enset isn't grown and consumed as a food source in these locations. It is a
popular component in the southwest, central, and towns known for its exquisite Ethiopian
meal, kitfo. Figure 2.1 depicts the enset growth zones in the southwest highlands.
Ethiopia the key elements of vegetation and food plan vary around the nation based on
the climate and Agro-ecology. More than one-sixth of Ethiopia's population (almost 15

million people) is dependent on enset[29].

Figure 2.8 Enset plant [29]

Shambel . Dibaba M. Sc. Thesis 23



Fabrication and evaluation of mechanical properties of the hybrid coffee | 595 3
husk and Enset fiber-reinforced epoxy composites.

2.7.1 Enset fiber Extraction method

There are two techniques for creating Enset fiber: stripping and decortications

is conducted by a decorticator.

Stripping techniques: The most typical and earliest technique for taking out fiber from
leaf sheaths involves two basic activities: first, splitting the fibrous outermost part from
every leaf sheath (this exterior layer is commonly referred to as "tuxy" and this process is
known as "tuxying"); and secondly, eliminating pulpy stuff, thus clearing the strands of
fiber of the tuxy (this operation is called stripping or cleaning). Both activities should be

completed as quickly as the stalk is toppled.

Tuxying is usually done outdoors. The worker slips a knife tip through the leaf sheath's
exterior and interior layers, releasing a 1 to 3-inch broad end of the outer layer. This strip,
also known as the tuxy, is cut throughout the entire length of the sheath. Every leaf sheath
produces around 2-3 tuxies. After removing all tuxies from the leaf sheath, they are taken
off the stalk and placed on the farm for natural fertilizer. Usually, another person will

gather these tuxes and deliver them to the stripping or washing facility[29][45].

Decortications: Cleaning fake banana fiber is done with a decorticator. Machines that
extract fibers from plant stems are known as little spreaders [29]. Following the end of
processing and fermentation area setup, the pseudo stem and corm had been separated
and the corm was splatted into 4-8 pieces depending on their sizes, and the outside
surface of the leaf sheath (shafa) was removed and scrapped using conventional tools
(Sisa). The upper part of the leaf sheath was then scraped downwards. Fibers were
retrieved as a byproduct by rubbing the fragile leaf sheath frequently. Scraping while
sitting is fairly prevalent in the nation; it is shredded with a knife[46].

2.8 Coffee Plant
Coffee is a species of flowering plant in the Rubiaceae family. Coffee species, which are
bushes or tiny trees, are found in tropical and southern Africa, and also tropical Asia.

Coffee beans, the seeds from various species, serve to flavor a wide range of drinks and
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foods. Like the seeds, the fruits are strong in caffeine, have a distinctly sweet flavor, and

are usually juiced. [47].

It is an important export crop for many countries, notably those in Latin and South
America, the Caribbean, and Africa, and it has become one of the greatest valuable and
commonly traded goods in the world. Ethiopia is the the planet's fifth largest coffee
provider and is said to be the birthplace of Arabica coffee. Central Africa is said to be the

origin of strong coffee[48][6]. The coffee husk was obtained in the Gedeo district of

Yerga Caffe town.

a) Coffee plant b) dry coffee fruits ¢) dry processed coffee husk
Figure 2. 9 coffee plant and dry processed Coffee husk[5].
2.8.1 Coffee husk fiber extraction

Coffee beans can be prepared using either wet or dry processes. Fruits are either exposed
to the sun or electrically dried (in furnaces) in a dry state. To retrieve the seeds (beans),
the exocarp (outer peel), mesocarp (pulp), and endocarp (parchment) of dried cherry
coffee must be removed. During the wet processing process, fruits are pulped, fermented,

washed, and dried in the sun or in a furnace [5].

In the pulping procedure, the exocarp and most of the mesocarp are eliminated,
leaving behind the "coffee pulp." The dried coffee is known as dry parchment coffee

because the endocarp (parchment) is not removed during the wet processing phase. Hulls
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are formed when dry parchment coffee is hulled. The exocarp, mesocarp, and endocarp

account for 60% of the dried fruit mass[47].

Parchment (endocarp) Skin (exocarp)

Pulp (mesocarp)

Y
Bean pan

Silverskin

Figure 2. 8 Botany of coffee bean [47].

2.9 Manufacturing Methods of Composites
Whether it is simple or complex, single or multiple, there are various methods for casting
a composite structure. Each technique has its own benefits and limitations. Specific
manufacturing process selection is dependent on the type of matrix and fibers, the
pressure requirement for the high viscous resin to flow through the fibers, the temperature
for the matrix to be produced and cured, the end product geometry, and cost savings.

[20]. Some of the commonly used manufacturing techniques are;
2.9.1 Resin transfer molding:

Resin transfer molding is best for pre-pegs and autoclave-based composite manufacture
and rigid closed mold is included. To start the process, the reinforcing mat is draped
across the bottom half of the mound. The top mold is then filled, and a catalyzed, low-
viscosity (heated) resin is poured into the mold under pressure, removing any air and
venting it through the corners until the mold is completely filled the resin is allowed to
cure while the mold is clamped. The major benefit of RTM is that the composite
dimensions are solely determined by the mold shape, that the composites produced have a

good surface quality on both sides, and that they are prepared to use without additional
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treatment. Most aerospace components, including door pillars, stringers, reinforced
panels, rudder tips, and ribs, are manufactured using RTM since it is less expensive than

other methods [13][49].

Male Mold .
Preform or Dry| y Resin InI;_\/
Fiber Layup ' ‘

. '_ b i

-'TL?A -‘ i =

Female Mold S g
Load Fibers Resin Injection

\

Final Product

Figure 2. 9 Resin transfer molding process[49] .
2.9.2 Compression molding:

Compression molding is one of a number of molding techniques. Raw materials such as
hydraulic and pneumatic components are shaped using a metal mold and compression
(force) and heat. The initial material will warm in the mold for a set amount of time while
the mold is closed. Extra materials, commonly known as flashing, that have ejected while
being warmed and compressed in the mold are common when the molded object is

removed[50].

To ensure the exact measurement of the product manufactured, an experienced cleaning
staff removes flashing. Compression molding, on the other hand, is not suited for all parts
since it typically results in poor product consistency and difficulty controlling flashing.
Knit lines are reduced and fiber length breakdown is decreased as compared to injection
molding. Compression molding is also perfect for making ultra-large basic shapes that
are larger than the machine's limit. To ensure the exact measurement of the product

manufactured, an experienced cleaning staff removes flashing.

Compression molding, on the other way, frequently results in poor product similarity and

trouble controlling flashing, and it is not ideal for all parts. When compared to injection
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molding, there are fewer knit lines and less fiber length depreciation. Compression
molding can also be used to create extremely big basic shapes that are too large for
extrusion. Polyester fiberglass resin systems are examples of materials that are commonly

produced using compression molding[6][29].

Rotary cutter

lass fiber
Doctor box / rovings
‘@.~ Doctor box
Carrierfilm g $ Carrier

film

. | S

. "‘-" Resin paste

'A Compaction rollers
@)

Figure 2. 10 Compression molding process [14].
2.9.3 Vacuum bagging:

Heating a piece of plastic to a forming temperature, vacuuming it, stretching it over a
single-surface mold, and pressing it into the mold are all examples of vacuum forming.
This technology may be employed to create persistent plastic composites such as
roadway signs and protecting coverings. Draft angles are typically provided in mold
design (a minimum of 3° is suggested) to make rejecting the manufactured plastic item
from the mold simpler. Thermoplastics are the most preferred materials for vacuum
shaping. In nearly any shape, this might be molded onto wood, structural foam, cast, or

fabricated aluminum casting.

Vacuum forming is also possible with transparent materials like acrylic, which are often
used in aircraft applications. The most unusual vacuum forming application is to
reproduce any small object multiple times, then vacuum form the new pattern to create a
more integrated form. The vacuum forming binds the separate pieces together, resulting
in a single mold that can be created automatically. The plastic form can subsequently be

filled with plaster, concrete, and other mat [39][20].
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Figure 2. 11 Vacuum bagging process [14].
2.9.4 Hand lay-up on open mold

Hand lay-up is the more popular and basic open molding process used to make
composites. It needed more labor but was less expensive, and it is a more efficient
procedure [29]. An open mold creates solely a single side of a product. The subsequent
activities are taken to complete the layout: Brushing or spraying a releasing agent is
followed by a light covering of resin and another layer of reinforcing. The Fibers are then
fully impregnated using rolls and a paintbrush. Layers have been placed to get the
required thickness. When the product is ready, it is placed out to cure correctly. The

finished item is taken from the mold after drying[8].

Resin Roller
Polymer resin
Composite Reinforcement
laminate Release gel

OpepAMoldgwer poytign)

Figure 2. 12 hand layup method of composite fabrication [29].
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2.10 Factors Influencing Composite Efficiency
A number of factors impact the efficiency of composite materials. Examples include fiber
choices, matrix choices, fiber being loaded, fiber treatment, fiber direction, production

process, and environmental conditions [7].

Natural fiber compounds' properties are greatly influenced by their mass, position,
diameter, and percent of fiber. The surface condition of the fiber also influences the
interaction between the fiber and the surrounding matrix. To guarantee appropriate
binding, a chemical technique for removing a fiber's outer layer (such as silk and coir

fiber) or pre-treatment of the fiber (such as hemp) may be required[39].
2.10.1 Treatments of natural fibers

Natural fiber treatments are necessary to alter fiber surface characteristics to improve
adherence with varied substrates. The main integration issue between natural fiber and
the matrix is a poor interface area caused by varied polarity contacts. Exemplary strength
and stiffness may be attained by employing a solid interface, which is extremely weak in

nature and has simple fracture propagation via matrix and fiber [51].

The fiber treatment mechanism is divided into two categories: (1) physical treatments to
improve the qualities of natural fibers, such as strength, modulus, and elongation; and (2)
chemical treatments to improve the interfacial properties of the fiber-matrix interface[52].
The effectiveness of stress transfers from the matrix to the fiber may be reduced if the
contact zone is lower. The treatment's purpose is to increase adhesion between surfaces
and polymer matrix suitability. This is because natural fibers include hydroxyl groups of
cellulose and hemicellulose. Alkaline treatment, bleaching, acetylating, vinyl grafting,
peroxide treatment, and therapy with different binding substances are some of the

physical, biological, and chemical treatments that may be applied to fibers [53].

When comparing the chemical treatments stated, the most frequent chemical treatment
utilized is alkali treatment, which is an inexpensive and highly efficient surface treatment

that optimizes mechanical natural fiber qualities.[39].
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2.10.2 Alkaline treatment

Alkaline therapy, commonly known as mercerization, is one of the most popular and easy
chemical treatments. The processes of alkali treatment get rid of a portion of the cell
wall's external surface, which includes hemicellulose, lignin, wax, and oils. Rougher fiber
surfaces occur, which increases fiber bonding for matrix infiltration and the interaction
region among the fiber and matrix. Sodium hydroxide (NaOH) is the chemical used in
alkaline treatment. This approach removes hydrogen bonding in the fiber's cellulose
network structure. The chemical interaction between fiber hydroxyl and sodium

hydroxide is depicted here[54][52].

Fiber-OH + NaOH — Fiber-O-Na + H20

aboratory Reagent

Figure 2. 13 Sodium hydroxide pellets

2.11 Extraction of Fiber
A variety of parameters, including fiber extraction process, impact the performance of
natural fiber-reinforced composites. Mechanical, chemical, and biological processes are
often used to remove fiber from the plant. Various procedures can be used to extract the

plant's fibers[38]. Some of the extraction methods are explained below
2.11.1 Mechanical Extraction method

This extraction method can take place in the form of different processes such, as inserting

water, crushing, rolling in a mill, and finning and aiding mechanical machines. To
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remove fiber from the source, all of the processes indicated above were used. The
primary advantage of mechanical extraction over chemical extraction is that it can be
done in almost any place. High production costs are a major limitation of these methods
which require higher energy usage than chemical methods. This procedure is more

environmentally friendly than the chemical process[38].
2.11.2 Chemical extraction method

Acids, alkaline solutions, and catalysts are used for the chemical fiber extraction process.
To change the hydrophilic to hydrophobic characteristics of natural fibers, chemical
treatment is required. Chemical extraction procedures have a significant impact on the
crystalline structure of fibers due to the presence of acids. The acid treatment causes
reactive compounds to form and causes fibers to produce a rough surface, resulting in a
higher degree of fibril crystallization. Fiber extraction with alkaline results in increased
surface area and a degree of polymerization, lowering fiber breaking strength. The
hydroxyl groups, which are present in both cellulose and lignin involved in hydrogen

bonding within the fiber structure, are activated an alkaline treatment[26].

With these processes, the hydrogen bonds in the molecular structure of cellulose weaken,
resulting in a mesh, which leads to an increase in the amount of amorphous cellulose. The
cellulose structure transforms from monoclinic to polymorphism and swells as a result of
this treatment, which occurs in the presence of water. Furthermore, the mercerization
process improves hemicellulose and two other cellulosic fiber components' solubilize.
The fiber surface becomes rougher at this step, improving the mechanical anchoring of

the fiber[22][29].

2.12 Mechanical properties of composite
Mechanical properties determine a materials ability to resist mechanical pressures and
stresses. On the other hand, those features are closely correlated with stress and strain.
The mechanical qualities of a material govern how it responds to different loads and are

used to determine its suitability for different applications. Every design engineer must be
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able to choose the right materials for their project, and understanding the mechanical

properties of the materials is essential for this.

The mechanical assessment of natural fiber-based polymer composites is influenced by

the quantity of fiber fraction, fiber length, fiber proportion, fiber-matrix attachment, fiber

position, and other parameters [55]. A number of factors were used to evaluate the

mechanical characteristics of natural fiber-reinforced polymer composites.

Table 2. 2 Natural And Synthetic Fiber Mechanical Characters[56]

Fiber Tensile Young's Elongation break | Density (g/cm3)
strength(Mpa) modulus(Gpa) | (%)
Kenaf 930 53 1.6 135
False Banana | 355 27-32 5.9 1.34
Sisal 511-695 0-24 2-3 1.48
Jute 393-773 26.5 1.9 1.25
Bamboo 290 17 - 1.25
Hemp 550-900 70 1.6 1.48
Rise husk 200-250 - - -
pineapple 413-1627 60-82 14.5 1.44
Cotton 400 12 3-10 1.51
bagasse 350 22 5.8 0.89
Flax 800-1500 60-80 1.2-1.6 1.4
coconut 1343 2.16 - 0.84
Glass fiber 345-1035 27.60 2.70-3.20 2.5

Shambel . Dibaba M. Sc. Thesis

33




Fabrication and evaluation of mechanical properties of the hybrid coffee | 595 3
husk and Enset fiber-reinforced epoxy composites.

2.13 Literature related to natural fiber reinforced composite
Mehamud et al. study on Ethiopia Banana Fiber Reinforced Polymer Composites
Mechanical Property Evaluation was researched. The authors generated four samples: 5%
banana fiber with 95% epoxy resin, 10% banana fiber with 90% epoxy resin, 15% banana
fiber with 85% epoxy resin, and 20% banana fiber with 80% epoxy resin. The researchers
observed that 20% banana fiber and 80% epoxy resin had a tensile strength of 56.5 MPa,
15% banana fiber had 47.4 MPa, 10% banana fiber had 42.6 MPa, and 5% banana fiber
had just 37.8 MPa. The tensile strength of cloth rises as the fiber becomes more
concentrated. In his impact tests, he determined that 20% and 15% banana uni-directional
scored bending strength, and the 20% banana fiber/ epoxy unidirectional demonstrates

340.625 MPa, which is greater than the remaining banana fiber proportions[57].

M. Ramesh et al. The mechanical characteristics of banana fiber-reinforced polymeric
composites have been analyzed and processed using 40% banana fiber + 60% epoxy
resin, 50% banana fiber + 50% epoxy resin, and 60% banana fiber + 40% epoxy resin.
The tensile strength of 50% banana fiber + 50% epoxy resin was shown to be better
than the two remaining composites in this investigation, while both the bending and

impact resistance scored greatest with 60% banana fiber + 40% epoxy resin[58].

A. Betelie et. al. The resilience to fracture characteristic of a sisal-reinforced epoxy
composite was examined utilizing a fracture resistance evaluation approach with a stress
concentration factor. For reinforcing, shredded sisal fibers were employed. Flax-Sisal
Fiber Reinforced Composites Epoxy Building, Evaluation, and Simulations. The samples
were created using an epoxy resin (AY-105) as a matrix, a hardener (HY-951) as a
hardener, and sisal fiber with 15%, 25%, 30%, 35%, and 40% fiber weight fractions with
arbitrary positions using Hand lay-up manufacturing approach. The sisal content of 30%
indicated excellent fracture. It was found that employing chopped sisal fibers as epoxy
reinforcement might result in the effective production of a lighter composite material

with excellent strength and stiffness[59].

Muniappan et al. The effect of coffee bean reinforcement (5, 10, 15, 20, 25, and 30%wt)

on the mechanical characteristics of the epoxy composite was investigated. A 25%
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weight percentage of coffee bean natural filler composite produced the best mechanical
characteristics. Because of the consistent dispersion of coffee beans in an epoxy matrix,
fracture resistance rises with the addition of coffee bean additive, and stress is distributed
evenly. It also suggests that the connection between the filler and the substrate is
stronger, and the 30% weight fraction of the filler has less moisture content with the

epoxy matrix in the composite[60].

Huang et al. The investigator reinforced the thermoplastic-based composite using coffee
husk fibers. The research focused on the chemical constitution and thermal characteristics
of CHF and WF, and the findings revealed that they had identical characteristics. The
insertion of coffee husk fiber inside the HDPE matrix enhanced the modulus and thermal

characteristics of the composite but also lowered its resistance to moisture. [5].

2.14 Related Literature on hybrid composite
T. Hariprasad et. Al, Hybrid banana-coir fiber epoxy composites are compared and
assessed in terms of mechanical characteristics. Both treated and untreated banana-coir
fibers are tested for tensile, flexural, and impact characteristics. Untreated fiber
composites offer higher flexural strength than treated fiber composites, according to
tensile and impact testing. The characteristics of the banana-coir and matrix were
assessed under various loading scenarios using the finite element analysis (FEA) program

ANSYSJ[61].

Luna. G. Flax-Sisal Fiber Reinforced Epoxy Hybrid Tensile, flexural, compression,
impact, and water absorption characteristics of composite materials for prosthetic sockets
were examined. Hand-layup was utilized to create samples with 3cm fiber length and
fiber-matrix weight proportions of 40-60, 30-70, and 35-65 in accordance with ASTM
specifications for each treated and untreated fiber. The treated composite with F25%-
S15%-E60% displayed outstanding mechanical and physical characteristics, namely
tensile strength of 68.40MPa, bending strength of 145.7MPa, compression strength of
45.64MPa, impact energy of 10.83J, and moisture absorption rate of 3.66%[22].
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R. Rana et. al, The epoxy matrix was reinforced with a sisal and glass fiber hybrid in
this investigation. To increase the interface adhesion across fiber and matrix, sisal fiber
was chemically treated with acetylene. Two stable layers of glass fiber reinforced with
epoxy matrix composite with variable concentrations of sisal fiber (0, 2%, 4%, and 6%).
As a result, as the sisal fiber composition decreased, tensile and flexural strength

increased by 4%[62].

M. Ghasemzadeh et. al, The mechanical and aging characteristics of flax-glass fiber
reinforced polypropylene hybrid composites were studied. Glass fiber improved tensile
strength and resilience to impact while having no effect on grain yield or failure
elongation. Glass fibers increase the moisture resistance of polypropylene/flax
composites, according to the results of the experiments. Glass fiber increases the
deterioration of the polypropylene matrix in extended UV aging studies, while flax fiber

protects the composites[63].

Santosh M. et. al, The researchers investigated a hybrid composite of flax and sisal with
an epoxy matrix. The numerous compositions utilized are as follows: 20% Sisal, 5%
Flax, and 75% Cotton. Other Compositions are 20% Sisal, 10% Flax, 70% Epoxy and
20% Sisal, 15% Flax, 65% Epoxy. The composite was created by hand layup. Tensile,
compression, and flexural strength were all evaluated. Tensile, compression, and flexural
strength were found to be grater for the mixture of 20% sisal+15% flax+65% epoxy resin
and less for the mixture of 20% sisal+5% flax+75% epoxy resin. It was discovered that

the proportion of sisal and flax increases the tensile, compression, and flexural strength

[9] .

Nayak et. al, The impact of adding bamboo-glass fiber reinforcements to a
polypropylene matrix (BGRP) was investigated. There were contrasts between the BGRP
and virgin polypropylene. As a factor, fiber weight was used. The composites prepared at
30% fiber proportion and 2% MAPP volume demonstrated the best mechanical
characteristics. Tensile strength, flexural strength, and impact strength improved by

approximately 69%, 86%, and 83%, accordingly, in comparison to virgin polypropylene
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at a glass fiber: bamboo percentage of 15:15. In addition, reduced fiber disengagement

was seen in hybrid composites compared to BGRP[64].

2.15 Literature related to bumper
Prabhakaran, C. et. al, This research focuses onthe design, manufacturing, and
evaluation of steel and composite bumpers. They also investigated the two bumpers'
weight, fuel economy, cost, and resilience to impact. As a result, a steel bumper
weighs 5.15kg, and a composite bumper weighs 2.38kg for the same bumper type. This
shows that the proportional ratio of composite bumper is 53.8% lower than the steel
bumper, leading to in higher vehicle fuel economy. Composite materials are more
economical than metallic ones since the cost of a composite bumper is 80% less than the

cost of a steel bumper[65].

M. Anil . et. al, study of a bumper simulated at various speeds for various materials
Steel, ABS plastic, and carbon fiber-reinforced plastic are all options. The
authors investigate a 3D automobile bumper created in modeling tool Pro/Engineer and
do an impact investigation on the bumper at three distinct speeds: 48 km/hr, 75 km/hr,
and 150 km/hr. Carbon strengthened has less than steel, which means the stress ratings
are less, and when the results are compared, the stress amounts for the composite are less.
Finally, the researchers proposed that composite materials are superior compared to steel

for automotive bumpers[66].

2.16 Literature related to fiber loading and volume ratio
Idiris et al. The mechanical characteristics of epoxy resin composites reinforced with
Ethiopian banana fibers were investigated. Acetone was used to treat banana fibers, and
the fiber-to-resin ratios were 5/95, 10/90, 15/85, and 20/80%. The composite panels were
made using a manual lay-up technique, and the curing procedure took 24 hours at 30°C.
The samples were subjected to mechanical testing and microstructural examination.
According to the test findings, a fiber-to-resin ratio of 20/80% gives superior mechanical
qualities than other ratios. Composites with fiber content have shown a linear

improvement in tensile strength, flexural strength, and impact strength[57].
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Sushirowati, et al. The mechanical characteristics of pineapple leaf fiber epoxy
composites were investigated in terms of fiber weight and fiber length. Fiber-to-matrix
ratios ranged from 10/90 to 20/80, 30/70, and 40/60. The fiber length was varied between
20mm, 30mm, and 40mm. To increase interfacial bonding between the fiber and matrix,
a 5% NaOH treatment is used. The composite was created using a hand lay-up approach.
As the fiber concentration climbed to 30%, the mechanical characteristics enhanced.
Tensile strength, flexural stiffness, and impact strength all drop as the fiber content
exceeds 30%. In general, the mechanical qualities of 30/70% of 40 mm fiber length are
the best. This suggests that fiber content and fiber length have a significant impact on

composite characteristics[67].

Mohanty et al. Jute fiber-reinforced polypropylene composites with 5% maleic
anhydride as an adhesion enhancer and fiber loading ranging from 10% to 40% were
investigated. The study discovered a linear rise in impact strength from 10% to 30% fiber
loading, followed by a reduction at 40% fiber loading. It should be noted that fiber
adaptation, chemical composition, and immersion duration all have a significant impact

on the mechanical characteristics of composites[68].

Augustine et al. The tensile strength of epoxy resin composites reinforced with banana
fibers for prosthesis was investigated. The fiber-to-resin proportions were 10%, 20%,
30%, 40%, and 50%. For 30 minutes, banana fibers have been treated with 90% alcohol.
Tensile strength and elastic modulus are excellent when the fiber volume percentage is
40%, depending on test findings. Furthermore, when compared to previous research, this

banana fiber composite was in the center of the pack[69].

Araya et al. The fracture resistance characteristics of chopped sisal-epoxy composites
were investigated. The fibers were taken from sisal leaves and cut into 2mm, 10mm, and
15mm pieces. The epoxy resin-hardener ratio is 10:1, and the fiber-to-resin volume
proportions were 15/85, 25/75%, 30/70%, 35/65%, and 40/60%, respectively. Hand layup
was used to saturate the fibers with resin before compression molding. The fracture
resistance test was investigated. At 30/70%, the experimental study shows good fracture

resistance and other mechanical parameters[59].
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Basij et al. The author demonstrates how the mechanical characteristics of wood pulp-
polypropylene composites are affected by fiber length and fiber concentration. Wood
pulp, chopped fiber, and polypropylene grafted with maleic anhydride were used to create
a composite. Short (2 mm) fiber lengths of wood pulp were arranged. Fiber contents of
27%, 37%, and 47% were also created, and the fiber, resin, and curing agent were
combined by employing a twin-screw extruder at 50 rpm and 180°C to manufacture
composites via injection molding. Tensile strength, tensile modulus, and flexural strength
all improved with increasing fiber length and fiber load, while impact strength

dropped[69].

According to the explanations in the literature, fiber composition, fiber loading, and fiber
length, all have a significant impact on the characteristics of composites. However,
because some of the findings grew linearly while others declined marginally, the
parameters did not have as much of an impact on them. This illustrates that the change in
composite characteristics is affected by fiber type, manufacturing process, and
component element volume percent. Enset-Coffee husk fibers were hybridized with nine
sub-compositions of 60/40%, 70/30%, and 80/20% for the current work. This
composition variation was utilized to investigate the influence of fiber on matrix volume

fraction.

2.17 The Knowledge Gap:
According to a thorough analysis of the literature, hybrid composites offer tremendous
promise as innovative materials in a range of industries, including structural, automotive,
aerospace, and marine applications. Natural fibers are gaining popularity among
academics, specialists, engineers, and researchers all around the world, replacing
conventional materials like cotton. Natural fiber-reinforced composite materials are
increasingly being used in the aerospace, automotive, marine, and civil engineering

industries..

* A substantial number of experiments have been undertaken on both natural fibers.
However, there was little research on the hybridization of natural fibers,

particularly the Enset and coffee husk hybrid.
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* Most studies on Enset fiber exhibited long fiber with woven configuration. There

have been few experiments using chopped fibers in a random configuration.

* Enset fiber is primarily a mix of synthetic fiber and natural fiber; similarly,

Coffee Husk fiber is mostly utilized for fertilizer and compost rather than

structural applications.
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Chapter Three

Materials and Methods

3.1 Methodology of the Research

To tackle the topic, many methods of analysis and data collecting were applied.

Literature Review: This was accomplished by gathering and assessing numerous papers,
periodicals, and books on composites, natural fibers, and hybrid fibers. it will be urged to
get a better grasp of challenges and solutions, as well as how to attain your research

objectives.

Start

! Data Collection I

Fiber preparation Matrix Prepparetion
L J
Fiber extraaction and

treatment
1

Determination of fiber and
matrix composition
1

Composite fabrication

1
Expermentation and
characterization
I

Modeling and simulation

I Analysis I
1

I Conclusion |

Figure 3. 1 Methodology

Plant selection criteria are obvious; Natural fiber qualities are influenced by the plant's
age/maturity, soil type, and location. As a result, the selected enset and coffee husk fiber

plant were collected.
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Designing fiber matrix composition: several fiber matrix compositions and fiber-fiber

loadings were chosen based on various literatures.

Selection of treatment: NaOH is mostly used to treat natural fibers in order to improve
the bond between the fibers and the matrix, as well as to bleach and clean the surface of

natural fibers.

Method of fabrication: There are several techniques for creating composite materials.
This comprises hand layup, resin transfer, compression molding, and vacuum bagging-
assisted hand lay-up techniques. In this investigation, hand layup accompanied by

compression was utilized as a drying technique due to its low complexity.

Fabrication of natural hybrid composite: The epoxy, hardener, alkali agent, mold, and
releasing agent were all prepared during this phase, and nine composite samples of

various compositions were fabricated.

Experiment setup and execution: the nine fabricated composite specimens were
prepared in accordance with ASTM specimen standards, and these specimen samples
were tested for physical (water absorption) and mechanical tests (Tensile, Flexural,

impact, and compression).
3.2 Materials Used

In this work, two distinct kinds of fiber have been utilized as reinforcement, and a
synthetic epoxy polymer was used as the base material to construct the composite. The
selection of both fibers is due to their availability in local market and the utilization of
coffee husk fiber for usable products will decrease the pollution due to coffee processing
wastes. This composite material is being researched as a replacement for the usual
material utilized for producing composite Qute bumpers, as well as to boost waste

recycling.

Epoxy is a resin that is extensively used in the production of composites with various
reinforcing elements. Their widespread use is owing to their inexpensive cost,

outstanding efficiency, and simplicity of manufacturing[24]
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To build and analyze the composite, various fiber matrix arrangements, supplies, and
tools were employed. Nine fabricated composite specimens were studied in this study.
These composites are made from two different fiber reinforcements and a polymer matrix
that has been treated with %NaOH. Enset and coffee husk fibers were the two reinforcing
fibers studied [40][29]. Epoxy resin is the polymer matrix used in this thesis. The

following materials were used in this study:

Table 3. 1 Materials used in the study

Material/equipment

Enset fiber Mold (320mm*300mm*25mm)

Coffee husk fiber Releasing agent

Epoxy resin Plastic sheets (Low density polyethylene)
Hardener brush

NaOH Hack saw

3.3 Fiber Collection and Extraction

Several researchers have created composite board using various natural fibers and matrix
materials. The compositions and other processes used by one researcher may differ from
those used by another. Throughout the selection process, the following factors were
considered: strength to weight ratio, availability, mechanical Strength as an individual
fiber and as a hybrid, simplicity of manufacture, and physical properties are all important
considerations. This study was conducted in Ethiopia and takes into account the local
conditions. Despite the fact that the combination of selected fibers (enset and coffee
husk) has not been broadly explored in Ethiopia, the fibers chosen have desirable
qualities and are readily available. In Ethiopia, enset and coffee husk are primarily not
employed for current applications. Instead, Enset plants are utilized to construct ropes,
mats as a home fence, and coffee plants are composted. The chosen fibers outperform

other natural fibers in terms of mechanical qualities [32].
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3.3.1 Enset Fiber

The Enset plant bast (a pseudo-stem Leaf shafts wrapped tightly around each other)was
harvested in Dilla Ethiopian town of Gedeo. Dilla is an SPNN Ethiopian town situated
360 kilometers south of Addis Ababa on the main asphalt route to Moyale. By cutting the
plant at the base, mature Enset plant bast with longer lengths were gathered. The most
common and earliest process for extracting fiber from the leaves consists of two major
processes: initially, detaching the fibrous outermost layer from every leaf sheath, and
next, discarding mushy substances and thereby releasing the fiber bundles from the tuxy.
After the fiber is extracted, it is washed for one to two hours in clean water to remove any
undesirable particles. After that, the cleaned fiber is dried in the open air for two to three
days depending on the availability of sunlight in the sun. Then the fiber is treated with

sodium hydro oxide solution and chopped using seizers to required length[70].

(b) traditional extraction of enset (c) extracted fiber

(d) enset fiber socked in NaOH solution (e) drying socked enset fiber by to sun light
Figure 3. 2 Extraction of enset fiber and treatment (a) Enset plant, (b) traditional
extraction of enset, (c) extracted fiber, (d) enset fiber socked in NaOH solution, (e)

drying socked enset fiber by sun light.
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Density: Pycnometer was used to determine the density of both Enset and coffee husk
fiber. A pyrometer is a device that determines density by using a liquid having a
recognized density, such as water.[13] To compute the density of fibers in this thesis,
water was used. To determine the specific gravity/ density of the fibers pycnometer's was

used. The following steps are used.

a) Measure the weight of the empty pycnometer = W1
b) Measure the weight of the pycnometer + sample = W2

c) Measure the weight of the pycnometer + sample + water = W3

d) Measure the weight of the pycnometer + water = W4

Figure 3. 3 Finding the density of both fibers a) Weight of the empty pycnometer (b)
Weight of the pycnometer + water (c) Weight of the pycnometer + Enset fiber (d)
Weight of the pycnometer + Enset fiber + water (e) Weight of the pycnometer + coffee

husk fiber (f) Weight of the pycnometer + coffee husk fiber + water
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. s . . weight of solid
Since ; specific gravity of solid = ————
» specific g yof weight of water

7
TSRS ¢ 3 )
W

The density of the specimen was determined based on the observed weight as follows;
Because the weight of water and the weight of sold that have the same volume are equal.
Thus; Wy =Wy = Wy =Wy cev e e e et et e e e et et e e e a2 (323)
By substituting for W from equation (3.2) in to equation (3.3) and we have;

Wy = Wy = W) — (W3 = Wy) et ittt ettt et et et et e e e eees (324)

Here, substituting equ(3.2) and equ.(3.4), the density of the sample is given by;

_ Wo—Wy
Ps (W2 —W1)—(W3-Wy)

Density of enset fiber

a) Weight of the empty pycnometer = W1 =41.3279 gram

b) Weight of the pycnometer + Enset fiber = W2 = 42.886 gram

c) Weight of the pycnometer + Enset fiber + water = W3 = 142.757 gram
d) Weight of the pycnometer + water = W4 = 143.888 gram

Thus

W, — W, ~ 42.886 — 41.3279
(W, —W,) — (W; —W,)  (42.886 — 41.3279) — (142.757 — 143.88)

PE =

pg = 0.579g/cm3
Density of coffee husk fiber

a) Weight of the empty pycnometer = W1 =41.3279 gram
b) Weight of the pycnometer + coffee husk fiber = W2 = 51.865 gram
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c) Weight of the pycnometer + coffee husk fiber + water = W3 = 145.699 gram
d) Weight of the pycnometer + water = W4 = 143.888 gram

Thus

_ w, — W, _ 51.865 — 41.3279
PE = W, — W) — (Ws —W,) _ (51.865 — 41.3279) — (145.699 — 143.88)

pg = 1.207g/cm3
3.4 Matrix Material
3.4.1 Epoxy Resin

The matrix decides the composite's operational circumstances. Epoxy resins are among
the greatest frequently utilized thermoset polymer matrices. This is because of their
outstanding binding, high temperature performance, increased mechanical and electrical
qualities, low shrinkage, extended working duration, chemical resistance, anti-corrosion
properties, economical pricing, minimal viscosity, extended pot duration at ambient
temperature, and simplicity of fabrication. [10][20]. The epoxy resin used in this thesis

was AY-105, which was purchased locally. It has the following property;

Table 3. 2 Property of the epoxy resin used[59].

Specification Epoxy Resin AY-105
Color Dark blue

Viscosity @250C 10,500 — 12,000 Mpa S
Density @ 250C 1.10-1.2g/cm3

3.4.2 Hardener

It is necessary to add catalyst to the epoxy before it can be used. The catalyst hardens the
epoxy by initiating a chemical reaction that converts its state from a fluid to a solid. A
precise amount of hardener should be applied to obtain superior mechanical
characteristics [21].The hardening catalyst used here is HY951, which is readily

available.
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3.5 Preparation of Epoxy and Hardener Mixture

To improve the mechanical, thermal, and physical properties of the composite, the right
amount of mixture must be used. A mixture of epoxy AY-105 and hardener HY951 is
used to make the composite. The two components were combined in a 10:1 epoxy-
hardener weight ratio. They were poured into the Bowl after properly correcting the
combination composition and thoroughly swirled to fully combine them and avoid air

bubbles.

Figure 3. 4 Mixture of epoxy and hardener
3.5.1 Fiber Treatment

Fibers can be treated in a variety of ways to change their properties. In this thesis, the
treatment known as Mercerization or Alkaline treatment was employed. For the treatment
of fibers, a solution of sodium hydroxide (NaOH) is utilized for knocking down hydrogen

bonds in the chain structure.

Fiber - OH + NaQH — Fiber-O-Na+H20 .......................... Eqn. 3.6

It also eliminates the amount of oil and lignin. It is also the most basic chemical-based

treatment method. The subsequent process happens during mercerization:[52][71].
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For both Enset and coffee husk fiber, NaOH concentration was utilized. The treatment

was carried out at Ethiopia, Dilla University School of food and Chemical Engineering.

The alkaline solution was made by mixing NaOH pellets with water and stirred deeply
for uniform mixing. Depending on the NaOH percentage concentration required, different
calculations were performed to properly mix the two. As a result, by employing a weight
balance, the proper weight was determined, and the correct volume of water was placed

in a plastic container.
3.5.2 Treatment of Both Enset and Coffee Husk Fiber

Before being processed, Enset fiber was repeatedly cleaned with standard and purified
water to eliminate debris sticking to the fiber's exterior. The required volume of NaOH
and H,O is then combined in a plastic container. 8% NaOH was used in this case. The
study found that an 8 percent NaOH treatment for 8 hours increased tensile and flexural

strength. 240g of NaOH and 10L of water were thoroughly mixed.[35].

The cleaned Enset fiber was immersed in a solution of sodium hydroxide for 8 hours after
being mixed. The fiber was then removed, rinsed, and cleansed with distilled water until
the chemical was neutralized. The cleaned fibers were then spread out in the sun to dry.

Finally, the treated fiber was used to construct the hybrid composite.

The same process as for coffee husk fiber treatment was followed, but the amount of
NaOH in the solution was decreased to 5%, and the coffee husk fiber was immersed in
the NaOH solution for 24 hours[71]. Then the fiber was repeatedly splashed by standard
water for removing chemicals on the surface and dried by sunlight before used to

fabricate the composite.

3.6 Preparation of Mold

The mold was created based on the size, number of test specimens, and number of tests.
As a result, the mold was designed to be 320 x 270 x 4mm in size. Steel was used in the
mold's construction. The mold is made up of a bottom plate and an upper plate. The

bottom sheet was built of rectangular metal sheets with four RHS steel frames attached to
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it. The interior of the bottom sheet is the same as the size of the interior of the mold. The
top layer was constructed from metal strips and a hollow cylindrical block linked to four
wings. During curing, the block and four wings are employed to spread the weight
delivered by the compressor. To simplify the deployment of the full composite, another
movable metal strips measuring 320 x 270 x Imm was utilized. The top plate also serves

as a composite cover.

Figure 3. 5 Mold design and fabricated mold with 320mm x 270mm and depth of 25mm.

3.7 Fabrication of the Hybrid Composite

Enset and coffee husk fibers serve as reinforcement, and epoxy serves as the matrix in
this hybrid composite. The Enset fiber is cut into 3-8mm pieces, while the coffee husk
fiber is granulated into 0.5-1.8mm pieces. The matrix epoxy (AY-105) is fully combined
with the hardener (HY-951). Calculating the mass required for each fiber and matrix

under nine proportion is part of the fabrication of the hybrid composite.

Hand-layup is used to create all of the composites. Because of its low cost and ease of
use, the Hand Layup technique is commonly used. The reinforcing material (typically
natural fibers) is inserted in the mold and then saturated with epoxy resin using a brush
during the hand lay-up procedure. So, a composite sample for the test was prepared by
this method [42]. The composition and mass of each composite ingredient are used to

mix them.

Shambel . Dibaba M. Sc. Thesis 50



Fabrication and evaluation of mechanical properties of the hybrid coffee | 595 3

husk and Enset fiber-reinforced epoxy composites.

Table 3. 3 Determination of fiber and matrix weight ratio for the enset coffee husk hybrid

composite
Composite Fiber —matrix % Enset- coffee husk %
/sample
1 20 80 10 10
2 20 80 5 15
3 20 80 15 5
4 30 70 15 15
5 30 70 20 10
6 30 70 10 10
7 40 60 20 20
8 40 60 30 10
9 40 60 10 30

Table 3. 4 Composite sample one volume fraction and Mass composition

Composite sample one volume fraction and Mass composition

composition %(80 :20) matrix = 80%, Enset fiber = 10%, and coffee husk = 10%

Total Mass of C1 =306.72 g

Density of C1 = 1.065 g/cm’.

Volume of matrix = | Volume of fiber

230.4 cm® 57.6 cm®

Volume of Enset fiber = 28.8 cm’

Volume of Coffee husk fiber = 28.8 cm®

Mass of enset fiber = 16.6752 g

Mass of coffee husk fiber = 16.6752 g

Mass of Epoxy resin = 255.2832¢

mass of hardener =22.97 g
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Table 3. 5 Composite sample two volume fraction and mass composition

Composite sample two volume fraction and Mass composition

composition %(80 :20) matrix = 80%, Enset fiber = 5%, and coffee husk = 15%

Total Mass of C2 =315.7632 g

Density of C2= 1.0964 g/ cm’

Volume of matrix =

230.4 e’ Volume of fiber = 57.6 cm®
4 cm

Volume of Enset fiber = 14.2 cm’

Volume of Coffee husk fiber = 14.4 cm®

Mass of enset fiber = 8.3376 g

Mass of coffee husk fiber = 52.1424 g

Mass of Epoxy resin = 255.2832¢g

mass of hardener =22.97 g

Table 3. 6 Composite sample three properties and mass required

Composite sample three volume fraction and Mass composition

composition %(80 :20) matrix = 80%, Enset fiber = 15%, and coffee husk = 15%

Total Mass of C3 =297.6768 g

Density of C3 = 1.0336 g/ cm’

Volume of matrix = | Volume of fiber = 57.6

230.4 cm® cm’

Volume of Enset fiber = 43.4 cm®

Volume of Coffee husk fiber = 43.2 cm®.

Mass of enset fiber = 25.0128 g

Mass of coffee husk fiber = 17.3808 g

Mass of Epoxy resin = 255.2832¢

mass of hardener =22.97 g
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Table 3. 7 Composite sample four properties and mass required

Composite sample four volume fraction and Mass composition

composition %(70 :30) matrix = 70%, Enset fiber = 15%, and coffee husk = 15%

Total Mass of C4 = 300.528 g Volume of matrix = | Volume of fiber = 86.4

201.6 cm’. cm’.

Density of C4 = 1.0435 g/ cm”.

Volume of Enset fiber = 43.2 cm® | Volume of Coffee husk fiber = 43.2 cm®.

Mass of enset fiber = 25.0128 g Mass of coffee husk fiber = 52.1424 g

Mass of Epoxy resin = 223.3728 g mass of hardener = 20.09 g

Table 3. 8 Composite sample five properties and mass required

Composite sample five volume fraction and Mass composition

composition %(70 :30) matrix = 70%, Enset fiber = 20%, and coffee husk = 10%

Total Mass of C5 =291.4848 ¢ Volume of matrix = | Volume of fiber = 86.4

201.6 cm’. cm’.

Density of C5 = 1.0121 g/ cm’

Volume of Enset fiber = 57.6 cm® | Volume of Coffee husk fiber = 28.8 cm®

Mass of enset fiber = 33.3504 g Mass of Cofee husk fiber = 34.7616 g

Mass of Epoxy resin = 223.3728 g mass of hardener = 20.09 g
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Table 3. 9 Composite sample six properties and mass required

Composite sample six volume fraction and Mass composition

composition %(70 :30) matrix = 70%, Enset fiber = 10%, and coffee husk = 20%

Total Mass of C6 =309.5721 g

Volume of matrix =| Volume of fiber = 86.4
Density of C = 1.0749 g/ cm’. 201.6 em’. em’,
Volume of Enset fiber = 28.8 cm® | Volume of Coffee husk fiber = 57.6 cm”.
Mass of enset fiber = 16.6752 g Mass of Cofee husk fiber = 69.5232 ¢
Mass of Epoxy resin = 223.3728 g mass of hardener = 20.09 g
Table 3. 10 Composite sample seven properties and mass required
Composite sample seven volume fraction and Mass composition
composition %(60 :40) matrix = 60%, Enset fiber = 20%, and coffee husk = 20%
Total Mass of C7 = 294.336 g Volume of matrix = | Volume of fiber = 115.2
Density of C7 = 1.022 g/ cm’, 172.8 cm’. em’,
Volume of Enset fiber = 57.6 cm® | Volume of Coffee husk fiber = 57.6 cm®
Mass of enset fiber = 33.3504 g Mass of Cofee husk fiber = 69.5232 ¢
Mass of Epoxy resin = 191.4624 g mass of hardener = 17.231 g
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Table 3. 11 Composite sample eight properties and mass required

Composite sample eight volume fraction and Mass composition

composition %(60 :40) matrix = 60%, Enset fiber = 30%, and coffee husk = 10%

Total Mass of C8 =276.2496 g Volume of matrix = | v 1ume of fiber = 115.2

172.8 cm’. 3
Density of C8 =0.9592 g/ cm’ cm’.

Volume of Enset fiber = 86.4 cm® | Volume of Coffee husk fiber = 28.8 cm”.

Mass of enset fiber = 50.0256 g Mass of Cofee husk fiber = 34.7616 g

Mass of Epoxy resin = 191.4624 g mass of hardener = 17.231 g

Table 3. 12 Composite sample nine properties and mass required

Composite sample seven volume fraction and Mass composition

composition %(60 :40) matrix = 60%, Enset fiber = 10%, and coffee husk = 30%

Total Mass of C9 = 312.4224 g Volume of matrix = | Volume of fiber = 115.2

172.8 cm’. cm’,

Density of C1 = 1.0848 g/ cm”.

Volume of Enset fiber = 28.8 cm’ Volume of Coffee husk fiber = 86.4 cm”.

Mass of enset fiber = 16.6752 g Mass of Cofee husk fiber = 104.2848 g

Mass of Epoxy resin = 191.4624 g mass of hardener = 17.231 g
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Table 3. 13 The overall mass required for nine composites is mentioned below.

No. Mass Enset Fiber | Mass of Coffee Husk | Mass of Epoxy | Total
(Gram) Fiber (Gram) Resin(Gram)
C1 16.6752 34.7616 255.2832 306.72
C2 8.3376 52.1424 255.2832 315.7632
C3 25.0128 17.3808 255.2832 297.6768
C4 25.0128 52.1424 300.528 377.6832
G5 33.3504 34.7616 300.528 368.64
Co6 16.6752 69.5232 300.528 386.7264
Cc7 33.3504 69.5232 191.4624 294.336
C8 50.0256 34.7616 191.4624 276.2496
c9 16.6752 104.2848 191.4624 312.4224
Total | 225.1152 469.2816 2241.8208 2936.218

3.8 Preparation of Enset and Coffee Husk Fiber

Treated Enset fibers are cut into 3-8mm fiber lengths and 0.2-1.8mm coffee husk fiber
lengths for the production of nine hybrid composites. All nine composites use the same
length of fiber. The two fibers were determined and mixed together to determine the
content of the produced composite. Stirring will assist in the uniform dispersion of the

two fibers into one another.

3.9 Fabrication of Composites Specimen

The hand lay-up technique is utilized in the manufacturing process. This is the most
straightforward approach for fabricating composite materials. The process requires the
fewest ingredients when compared to other approaches. Before starting production,
prepare the mold, roller, brush, plastic sheet, releasing agent, glove, chopped fibers, and
epoxy-hardener mixture. Cleaning the mold was the initial step in the fabrication process.
The mold was cleaned, and Two polyethylene sheets were inserted to enclose the
uncovered portion of the mold. on a clean table. The bottom of the cavity should have

one plastic sheet and the top should have the other. After prepping the plastic sheet, it
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was coated with a releasing agent. The bottom plastic was then properly placed over the

needed mold area.

Following that, a blend of Epoxy — Hardener and fiber with the required weight
composition was made. The Epoxy — Hardener was combined at a 1:10 ratio, as stated
before. According to each composite, the epoxy has its own weight. As a result, the
epoxy was weighed using a scale, and the hardener was measured and thoroughly mixed
with a stirrer in a 1:10 ratio. Air bubbles were avoided to the greatest extent possible in
this case. Furthermore, according to the nine compositions, Enset and coffee husk fiber
have their unique weight. As a result, each fiber's weight was measured using a scale in
order to prepare it for fabrication. Following the measurement, the fibers were blended by

hand with a stirrer to evenly distribute their contents.

A slight volume of Epoxy - Hardener mixture was then poured on prepared plastic sheet
with a brush and evenly distributed throughout the mold. Following that, the matrix is
filled with some of the prepared and blended fibers. After that, a tiny amount of pressure
was exerted with the support of a roller to impregnate the fiber uniformly. The procedure
of applying epoxy, mixing fiber, and rolling it out was repeated until the fiber
combination was complete. The last coating of epoxy-hardener combination was then
dispensed on top of the last addition of fiber mixture. Then, once more, the roller

application was carried out.

The second waxed plastic sheet was then put to the top of the composite when this
process was completed. Plastic sheets also aid in achieving a good end product surface
finish. The plastic sheet was wetted uniformly with a clean roller, which also served to
discharge excess epoxy glue. Following the application of a roller to the surface of the
composite, the lid or upper part of the mold was encased for the last stage. This
completely encased the composite. The material was then compressed and cured in a
hydraulic press machine that applied a uniform stress of 50Ton (SMPa), allowing excess
epoxy to be released while maintaining a consistent thickness. The composite was loaded

for 12 hours at room temperature before opening the mold and carefully removing the
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produced composite material. All nine composites were given the same treatment. They

were all made and cured in a room temperature environment.

Figure 3. 6 Fabrication of composite and fabricated sample
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3.10 Preparation of Specimens for Testing

The sample used in the present study was made in compliance with the American Society
for Testing Materials (ASTM) guidelines. These samples were subjected to tensile,
compression, flexural, impact, and water absorption tests. Fabricated composites were cut

using a circular band saw machine in accordance with ASTM requirements.

Tensile test specimen: Tensile testing was performed in accordance with ASTM D3039.

This standard is 250mm x 25mm X 3mm in size.

Flexural test specimen: Flexural testing is performed in accordance with ASTM D790.

This standard is rectangular in shape, measuring 125mm x 13mm x 3mm.

Impact test specimen: The impact testing standard used was ASTM D256. This standard

1s 64mm x 13mm x 3mm in size.

Compression test specimen: The compression test standard that is used is ASTM

D3410. This standard is 80mm x 20mm x 3mm in size.

Water absorption test specimen: The ASTM D570 standard for water absorption

testing was used. This standard is 76mm x 25mm x 3mm in size.

3.11 Procedures and Conditions for Experiment Testing

The fabricated hybrid composite materials were tested using five different testing
procedures after being cut into standard specimen sizes. Tensile, compression, and
flexural testing were performed using a computerized universal material testing machine
model ETM-50 with a maximum capacity of SOKN. The Charpy impact tester was used
for the impact testing. Each machine produced results that can be estimated and

investigated more.

In each of the five experimental tests, at least three specimens have been investigated for
each of nine composite compositions. As a consequence, at least 135 specimens were
examined to verify consistency and to minimize mistakes as far as feasible. Everything

was accomplished at ambient temperature.
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Figure 3. 7 Computerized universal testing machine

Tensile Testing: The tensile test was performed at ambient temperature at a rate of
Smm/min in the lengthwise direction of the composite. The test piece was inserted
upright into the examining device's jaws. The top jaw remained in place but the bottom
jaw moved. When a rupture develops, the device pauses and shows the findings on a

monitor.

Figure 3. 8 Prepared tensile test sample
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Figure 3. 9 Tensile testing setups and sample after fracture

Compression Testing: with the help of UTM, the samples were exposed to an axial
pressing force till breakage to test their compression strength. Upper and lower

compression anvils were used to place samples.

Figure 3. 10 Compression testing setups and samples after fracture

Flexural Testing: In this test, the flexural strength was determined by employing the
three-point bending mode. The sample was supported by a two-point support bed with a
125mm spread. The specimen's central span was then loaded using the one-point top jaw.
The experiment was conducted out at ambient temperature and at a rate of Smm/min.

Each composite was evaluated with a minimum of three samples.
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Figure 3. 11 Flexural testing setups and sample after fracture

Impact Testing: To measure fracture toughness, a sample was secured onto the device's
table and struck by a swinging pendulum falling from a 45-degree angle to strike and
shatter the sample. All nine composites were tested for impact strength using Charpy
impact. The dial gauge connected to the pendulum string was used to quantify the
magnitude of energy received by the sample throughout the breaking (its impact

strength). It demonstrates the force of the impact.
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Figure 3. 12 Charpy Impact testing machine setups

Water Absorption Test: For the water absorption test, each sample was submerged in
water for one day at ambient temperature. All specimens were measured using a digital
weighing device prior to socking, and the findings of every sample were recorded. Within
24 hours, the samples had been taken out and wiped to eliminate any extra fluid on the
exterior. Lastly, the samples were weighed again. Following this, the percent of gain in

weight was determined with the approach explained beneath.

Final Weight—Initial Weight
Initial Weight

water absorption % =

Where; Final Mass is what it weighs after 24 hours of socking

The initial mass is what it weighs prior of socking.
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Figure 3. 13 Water absorption specimens submerged in a tank of water
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Chapter Four

Results of the experiments, FEM computation, and Discussions

4.1 Experimental Result

As previously stated, nine composite specimens were tested in accordance with ASTM
standards. The test findings explain the qualities of the developed enset-coffee husk fibre
reinforced Epoxy hybrid composites. All produced composites contain hybrid
reinforcement that has been trimmed in to (enset fiber 3-8mm and coffee husk 0.2-
1.8mm) lengths. All composites were treated with NaOH and have varying fiber
loadings. At least three specimen samples were produced and evaluated for each

combination.
Every composite was examined, and the findings are presented below.
4.1.1 Tensile Test Result

Composite One: Is a composite composed of shredded reinforced hybrid fibres, 10%
enset, 10% coffee husk, and 80% epoxy. Three samples were evaluated for this

composite in compliance with ASTM D3039.
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Figure 4. 1 Composite 1 (E10%, CH10%, and E80%) Tensile test Stress-Strain Curve
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Figure 4. 2 Composite C1 Specimens Tensile Strength and their Mean

Composite Two: Is a composite composed of shredded reinforced hybrid fibres, 5%
enset, 15% coffee husk, and 80% epoxy. Three samples were evaluated for this

composite in compliance with ASTM D3039.
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Figure 4. 3 Composite 2 (E5%, CH15%, and E80%) Tensile test Stress-Strain Curve
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Figure 4. 4 Composite C2 Specimens Tensile Strength and their Mean

Composite Three: Is a composite composed of shredded reinforced hybrid fibres, 15%

enset, 5% coffee husk, and 80% epoxy. Three samples were evaluated for this composite

in compliance with ASTM D3039.
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Figure 4. 5 Composite 3 (E15%, CH5%, and E80%) Tensile test Stress-Strain Curve
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Figure 4. 6 Composite C3 Specimens Tensile Strength and their Mean

Composite Four: Is a composite composed of shredded reinforced hybrid fibres, 15%
enset, 15% coffee husk, and 70% epoxy. Three samples were evaluated for this

composite in compliance with ASTM D3039.
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Figure 4. 7 Composite 4 (E15%, CH15%, and E70%) Tensile test Stress-Strain Curve
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Figure 4. 8 Composite C4 Specimens Tensile Strength and their Mean

Composite Five: Is a composite composed of shredded reinforced hybrid fibres, 20%
enset, 10% coffee husk, and 70% epoxy. Three samples were evaluated for this

composite in compliance with ASTM D3039.
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Figure 4. 9 Composite 5 (E20%, CH10%, and E70%) Tensile test Stress-Strain Curve
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Figure 4. 10 Composite C5 Specimens Tensile Strength and their Mean

Composite Six: Is a composite composed of shredded reinforced hybrid fibres, 10%
enset, 20% coffee husk, and 70% epoxy. Three samples were evaluated for this

composite in compliance with ASTM D3039.
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Figure 4. 11 Composite 6 (E10%, CH20%, and E70%) Tensile test Stress-Strain Curve
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Figure 4. 12 Composite C6 Specimens Tensile Strength and their Mean

Composite Seven: Is a composite composed of shredded reinforced hybrid fibres, 20%
enset, 20% coffee husk, and 60% epoxy. Three samples were evaluated for this

composite in compliance with ASTM D3039.

Stress - Stain

30 -
——Sample 1 =23.25
25 1 ——sample 2 = 24.08
———Sample 3 =21.41
) _
& 20
=
E 15 -
2
£
& 10 -
5 _
0 T T T T T T 1
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035

Strain

Figure 4. 13 Composite 7 (E20%, CH20%, and E60%) Tensile test Stress-Strain Curve
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Figure 4. 14 Composite C7 Specimens Tensile Strength and their Mean

Composite Eight: Is a composite composed of shredded reinforced hybrid fibres, 30%

enset, 10% coffee husk, and 60% epoxy. Three samples were evaluated for this

composite in compliance with ASTM D3039.
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Figure 4. 15 Composite 8 (E30%, CH10%, and E60%) Tensile test Stress-Strain Curve
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Figure 4. 16 Composite C8 Specimens Tensile Strength and their Mean

Composite Nine: Is a composite composed of shredded reinforced hybrid fibres, 10%

enset, 30% coffee husk, and 60% epoxy. Three samples were evaluated for this

composite in compliance with ASTM D3039.
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Figure 4. 17 Composite 9 (E10%, CH30%, and E60%) Tensile test Stress-Strain Curve
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Figure 4. 18 Composite C9 Specimens Tensile Strength and their Mean

Figure 4.19 depicts the entire tensile strength attained for the composites.
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Figure 4. 19 Overall tensile strength of composites Thus, composite sample C5 has a
maximum tensile strength of 43.3 MPa, while sample C4 has a maximum tensile strength

of 14.94 MPa.
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Figure 4.20 The modulus of elasticity test findings for all compositions are summarized.
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Figure 4. 20 Tensile modulus of all composites samples. Composite sample C5 has the

highest tensile modulus of 1.951GPa, while sample C8 has the lowest at 0.591 GPa.
4.1.2 Compression Test Result

During the compression test, at least twenty-seven specimens were examined. ASTM
requirements were followed in the preparation of the specimens. Each composite
category evaluated in this dissertation was characterised using the average findings from
the tested specimens. The maximum values and averages for every composite specimen

are displayed in the bar plot below.

Composite One: Is a hybrid fibre composite made up of shredded reinforced hybrid
fibres (10% Enset, 10% Coffee Husk, and 80% Epoxy). Three samples were evaluated
for this composite in compliance with ASTM D3410.
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Figure 4. 21 Composite C1 specimens Compression Strength and their Mean

Composite Two: Is a hybrid fibre composite made up of shredded reinforced hybrid
fibres of (5% Enset 15% Coffee husk and 80% Epoxy). Three samples were evaluated for
this composite in compliance with ASTM D3410.
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Figure 4. 22 Composite C2 specimens Compression Strength and their Mean
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Composite Three: Is a hybrid fibre composite made up of shredded reinforced hybrid
fibres of (15% Enset 5% Coffee husk and 80% Epoxy). Three samples were evaluated for
this composite in compliance with ASTM D3410.
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Figure 4. 23 Composite C3 specimens Compression Strength and their Mean

Composite Four: Is a hybrid fibre composite made up of shredded reinforced hybrid
fibres of (15% Enset 15% Coffee husk and 70% Epoxy). Three samples were evaluated
for this composite in compliance with ASTM D3410.
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Figure 4. 24 Composite C4 specimens Compression Strength and their Mean
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Composite Five: Is a hybrid fibre composite made up of shredded reinforced hybrid

fibres of (20% Enset 10% Coffee husk and 70% Epoxy). Three samples were evaluated

for this composite in compliance with ASTM D3410.
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Figure 4. 25 Composite C5 specimens Compression Strength and their Mean

Composite Six: Is a hybrid fibre composite made up of shredded reinforced hybrid fibres

of (10% Enset 20% Coffee husk and 70% Epoxy). Three samples were evaluated for this

composite in compliance with ASTM D3410.
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Figure 4. 26 Composite C6 specimens Compression Strength and their Mean
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Composite Seven: Is a hybrid fibre composite made up of shredded reinforced hybrid

fibres of (20% Enset 20% Coffee husk and 60% Epoxy). Three samples were evaluated
for this composite in compliance with o ASTM D3410.
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Figure 4. 27 Composite C7 specimens Compression Strength and their Mean

Composite Eight: Is a hybrid fibre composite made up of shredded reinforced hybrid
fibres of (30% Enset 10% Coffee husk and 60% Epoxy). Three samples were evaluated
for this composite in compliance with o ASTM D3410.
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Figure 4. 28 Composite C8 specimens Compression Strength and their Mean
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Composite Nine: Is a hybrid fibre composite made up of shredded reinforced hybrid
fibres of (10% Enset 30% Coffee husk and 60% Epoxy). Three samples were evaluated
for this composite in compliance with ASTM D3410.
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Figure 4. 29 Composite C9 specimens Compression Strength and their Mean

Figure 4.30 depicts the overall compressive strength of the composites.
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Figure 4. 30 Compressive strength of all composites Enset/coffee husk Epoxy.
Composite sample C6 has the highest compressive strength of 23.25 MPa, while sample
C2 has the lowest compressive strength of 12.92 MPa.
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4.1.3 Flexural Test Result

The flexural test result was obtained via the three-point bending test. The findings of

three samples were collected.

Composite One: Is a hybrid fibre composite made up of shredded reinforced hybrid
fibres with 10% Enset, 10% Coffee Husk, and 80% Epoxy ASTM D790.

Flexural strength and applied force
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Figure 4. 31 Composite C1 specimens flexural strength, applied force and their mean

Composite Two: Is a hybrid fibre composite made up of shredded reinforced hybrid
fibres with of 5% Enset 15% Coffee husk and 80% Epoxy. ASTM D790
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Figure 4. 32 Composite C2 specimens flexural strength, applied force and their mean
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Composite Three: Is a hybrid fibre composite made up of shredded reinforced hybrid
fibres with 15% Enset 5% Coffee husk and 80% Epoxy. ASTM D790

Flexural strength and applied force
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Figure 4. 33 Composite C3 specimens flexural strength, applied force and their mean

Composite Four: Is a hybrid fibre composite made up of shredded reinforced hybrid

fibres with 15% Enset 15% Coffee husk and 70% Epoxy. ASTM D790

Flexural strength and applied force
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Figure 4. 34 Composite C4 specimens flexural strength, applied force and their mean
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Composite Five: Is a hybrid fibre composite made up of shredded reinforced hybrid
fibres with 20% Enset 10% Coffee husk and 70% Epoxy. ASTM D790
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Figure 4. 35 Composite C5 specimens flexural strength, applied force and their mean

Composite Six: Is a hybrid fibre composite made up of shredded reinforced hybrid fibres
with 10% Enset 20% Coffee husk and 70% Epoxy. ASTM D790

Flexural strength and applied force
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Figure 4. 36 Composite C6 specimens flexural strength, applied force and their mean
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Composite Seven: Is a hybrid fibre composite made up of shredded reinforced hybrid
fibres with 20% Enset 20% Coffee husk and 60% Epoxy. ASTM D790.The result of the
test is as follows.

Flexural strength and applied force
® Flexural strength (Mpa)  ® Applied Force (N)

70.00 60.90
= 6000  54.81

54.81 56.84
45

50

45 46.67

1 2 3 Average
Samples

Figure 4. 37 Composite C7 specimens flexural strength, applied force and their mean

Composite Eight: Is a hybrid fibre composite made up of shredded reinforced hybrid
fibres with 30% Enset 10% Coffee husk and 60% Epoxy. ASTM D790.

Flexural strength and applied force

® Flexural strength (Mpa)  ® Applied Force (N)

100.00 91.35
79.17 81.20

80.00

60.00

40.00

Maximum result

20.00

0.00

1 2 3 Average

Samples

Figure 4. 38 Composite C8 specimens flexural strength, applied force and their mean
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Composite Nine: Is a hybrid fibre composite made up of shredded reinforced hybrid
fibres with 10% Enset 30% Coffee husk and 60% Epoxy. ASTM D790

Flexural strength and applied force

® Flexural strength (Mpa)  ® Applied Force (N)

60.00 54.81
48.72

50.00
40.00
30.00
20.00
10.00
0.00

48.72

45.00 4363

40.00 40.00

35.00

Maximum result

1 2 3 Average
Samples

Figure 4.39 Composite C9 specimens flexural strength, applied force and their mean

Figures 4.40 and 4.41 show the overall flexural strength and maximum test forces
obtained from experimental test for Enset-coffee husk epoxy composite.

Flexural strength of composites
100.00 89.32 9338
E 90.00 81.20
= jggg 64.96 62,02 64.96
: 56.84
T 60.00 3278 48.72
S  50.00
£ 4000
=  30.00
5 20.00
£ 1000
= 0.00
1 2 3 4 5 6 7 8 9
Composite samples

Figure 4.40; Flexural Strength for all Enset/Coffee Husk Epoxy Composites samples.
Composite sample C5 has the highest Flexural strength of 93.38 MPa, while sample C9
has the lowest Flexural strength of 48.72 MPa.
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Maximum force of composites

_ 73.33 76.67
66.67
% 80.00 ‘ 5333 -56.67 .53.33 26.67 -
8 60.00 | g 43.33 “1 1 = 40.00,
S 40.00
= 20.00
2 0.00
= Composite samples

Figure 4.41 Optimum operating pressure for all Enset/Coffee Husk Epoxy Composites.

Composite sample C5 has a maximum testing force of 76.67 N and sample C9 has the

lowest testing force of 40 N.

4.1.4 Impact Test Result

The table below shows the results of all nine composite specimens. The results of all

composite specimen samples that were tested were described in this work.

Table 4. 1 Impact Energy result

No. | Composite Composition Sample no. | Energy(J)
1 Enset 10%, coffee husk 10% and epoxy 80% 1 3.5
2 3.0
3 3.0
Average 3.2
2 Enset 5%, coffee husk 15% and epoxy 80% 1 4.0
2 3.5
3 3.5
Average 3.3
3 Enset 15%, coffee husk 5% and epoxy 80% 1 3.0
2 2.5
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3 2.5
Average 2.7
4 Enset 15%, coffee husk 15% and epoxy 70% 1 2.5
2 3.5
3 3.0
Average 3.0
5 Enset 20%, coffee husk 10% and epoxy 70% 1 4
2 3.5
3 3.0
Average 3.5
6 Enset 10%, coffee husk 20% and epoxy 70% 1 3.0
2 4.0
3 3.0
Average 3.3
7 Enset 20%, coffee husk 20% and epoxy 60% 1 3.0
2 2.5
3 3.5
Average 3.0
8 Enset 30%, coffee husk 10% and epoxy 60% 1 3.0
2 3.0
3 3.0
Average 3.0
9 Enset 10%, coffee husk 30% and epoxy 60% 1 3.0
2 3.0
3 3.5
Average 3.2
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Impact Energy - Composites

>
1) 33 35 33 3 3.2
5 4 3.2 27 3 3
= ~
==
S =
27 2 1
g
.
0 T T T T T T T T 1
1 2 3 4 5 6 7 8 9

Composite sample

Figure 4.42 Impact energy of all nine composites
4.1.5 Water Absorption Test Result

The water concentration test of the composite sample was performed to assess the
material's resistance to water infiltration. At room temperature, the samples were

investigated (21- 23C °). The steps for testing the specimen are listed below.

< Each specimen's weight was determined using a digital scale balance.
< The samples were all submerged in water for 24 hours.
< The samples were removed from the water after 24 hours and their mass was

recorded.

The total weight prior to and afterwards socking were computed, as well as the intake of

water %, by applying the equation below.

% of water absobition = = X 100% .........oooiiiii eq.4.1
d

Where; Wqis weight of dry sample

Wy, is weight of wet samples
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Table 4. 2 Water absorption test result
S. Composite Composition Sample Water
n no. absorbition
0 (%)
1 Enset 10%, coffee husk 10% and epoxy 80% 1 3.23
2 3.39
3 3.45
Average 3.35
2 Enset 5%, coffee husk 15% and epoxy 80% 1 4.88
2 4.08
3 5.77
Average 4.91
3 Enset 15%, coffee husk 5% and epoxy 80% 1 3.77
2 3.70
3 1.79
Average 3.09
4 Enset 15%, coffee husk 15% and epoxy 70% 1 5.26
2 7.27
3 3.70
Average 541
5 Enset 20%, coffee husk 10% and epoxy 70% 1 3.36
2 3.33
3 3.98
Average 3.55
6 Enset 10%, coffee husk 20% and epoxy 70% 1 3.70
2 5.66
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3 6.12
Average 5.16
7 Enset 20%, coffee husk 20%and epoxy 60% 1 12.12
2 11.11
3 10.13
Average 11.12
8 Enset 30%, coffee husk 10% and epoxy 60% 1 6.67
2 13.04
3 12.28
Average 10.66
9 Enset 10%, coffee husk 30% and epoxy 60% 1 9.52
2 6.56
3 16.00
Average 10.69

4.2 Discussions

4.2.1 Tensile Test Discussion

The tensile strength property of each composite specimen fabricated was determined
using the results of specimen samples and their average values. The composite with the
peak tensile strength of 43.3 MPa is C5, which is composed of Enset 20%, Coffee husk
10%, and Epoxy 70%. With a tensile strength of 32.13MPa, the fiber composition (Enset
15%, Coffee Husk 5%, and Epoxy 80%) is the subsequent maximum. This reveals that
the optimal fiber-matrix mix is a combination of Enset and Coffee husk with epoxy resin

as a matrix.

Changing the fiber-matrix and fiber-fiber compositions have an influence on the tensile

characteristics of the hybridised composite in general. An optimal tensile strength for
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treated Enset-Coffee husk fibre hybrid composite may be attained with the epoxy at 70%

and raising the volumetric proportion of the Enset.

Furthermore, the obtained results show that increasing the volume percentage of coffee
husk has a substantial influence on the yield strength of the hybrid material. The
minimum tensile strength of the composite samples C4 and C9 with 20% and 30%

volume fractions of coffee husk, respectively, are 14.94 MPa and 15.35 MPa.
4.2.2 Compression Test Discussion

Figure 4.30 depicts the compressive strength results, which show that C6, composite with
Enset 10%, Coffee husk 20%, and Epo,xy 70%, has the highest compressive strength
with 23.25MPa. C9, a composite made up of Enset 10%, Coffee Husk 30%, and Epoxy
60%, has the next peak compressive strength with a value of 22.91MPa. It can be realized
that raising the coffee husk volume ratio to achieve the best compressive strength was

done at 20% and 30% coffee husk.
4.2.3 Flexural Strength Test Discussion

The three-point flexural experiment is a popular method for evaluating the physical
characteristics of composite resin-reinforced components, particularly when bending
forces are employed. As the amounts of enset fibre grew, the experiment steadily

enhanced flexural strength.

B *H?
6

Section modulus (Wp)=

Frax *L

Maximum bending moment (Mpmax)= "

5 _ Mbmax
bmax Wb

Where; B is width of specimen, H is thickness of specimen, F,x is maximum applied

force, and L is span length.
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As a result, C5 gets the highest score on this test. When compared to the other nine
composite specimens, the flexural result from the enset 20%, coffee husk 10%, and
Epoxy 70% composite is 93.38 MPa, which is the best composition. C5 has a slightly
higher flexural strength of 89.32 MPa than composite C3. The composite with 10%
treated enset, 30% coffee husk, and 60% Epoxy has the lowest achievable flexural
strength of 48.79 MPa.

Rise in enset fibre composition from 15 to 20% on mass improved flexural strength by
roughly 4.4%, but rising from 20% to 30% on weight decreased flexural strength by 8%.
Thus, the 20% enset and 70% epoxy with 10% coffee husk fiber composition yielded the
highest flexural strength.

4.2.4 Impact Test Discussion

The impact test is aimed at determining how a particular sample specimen will react to
sudden stress, such as shock. The material's brittleness or toughness is determined by the
test. A notched test piece is typically used, and the two most common methods are the
Izod and the Charpy tests. The energy required to fracture the test piece is usually
reported in ft. Ibs. or KIJ.

The Charpy impact test, commonly referred to as the Charpy v-notch test, is a
standardized high-strain-rate test used to assess the level of energy a material takes upon
fracture. The amount of energy absorbed is an indicator of a material's tenacity. It is
frequently employed in industry since it is simple to plan and execute, and findings are

rapid and inexpensive. A key drawback is that all outcomes are just comparative.

The best value, as determined by the Charpy machine, is 3.5J. This resulted in a C5
composite with enset at 20%, coffee husk at 10%, and epoxy at 70%. The next best
composite proportion for impact is a C2 and C6 treated fiber hybrid composite with Enset
5%, coffee husk 15%, and Epoxy 80% and Enset 10%, coffee husk 20%, and Epoxy
70%, respectively. These findings and increases in coffee husk composition have the
greatest impact value, and vice versa. Furthermore, the impact energy of all of the

composites ranges from 2.7J to 3.55]J.
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4.2.5 Water Absorption Test Discussion

The maximum water absorption percentage of composite C7 with enset 20%, coffee husk
20%, and Epoxy 60% is 11.12%, while composite C9 with enset 10%, coffee husk 30%,
and Epoxy 60% is 10.69%. Composite C3 has the minimum percentage of water
absorption at 3.09 percent. The next lowest is made from a C1 mixture of 10% enset,
10% sisal, and 80% epoxy. When the water absorption of composites is examined, the
composite with the higher fiber composition has a higher water absorption value than the
composite with the smallest fiber composition, indicating that the highest resign has the

lowest water absorption percentage.

Overall, the results of all nine tests show that Composite C5 (Enset 20%, Sisal 10%, and
Epoxy 70%) outperforms the enset - coffee husk fiber reinforced epoxy composite in
terms of mechanical and physical qualities, with a 3.55 water absorption percentage. This
thesis also emphasizes compression and bending. Another physical factor to consider is
water absorption. Based on the aforementioned important characteristics, the treated
composite sample with Enset 20%, Sisal 10%, and Epoxy 70% was chosen as the good

composite created.

4.3 Comparison of Results with Literatures

Despite the fact that no studies on enset and coffee husk as a hybrid composite have been
conducted, In terms of applicability, existing research will support what was done and the
results acquired in this study. The laboratory's findings for the chosen material were

contrasted with the literature in this study. The chosen composition's outcome:
Tensile Strength = 43.30MPa

Flexural Strength = 93.38MPa

Compression Strength = 21.23MPa

Impact Strength =3.5J

Water Absorption = 3.55

Shambel . Dibaba M. Sc. Thesis 93



Fabrication and evaluation of mechanical properties of the hybrid coffee | 595 3
husk and Enset fiber-reinforced epoxy composites.

Table 4. 3 The comparison of current work with others.

S| Material types | Proporti | Tensil | Compre | Flexural | Impac | % Water | Researchers
on e ssion t
Mpa absorptio
(Mpa) | (Mpa) Jule n

1| Coffee husk | 80/20 24.2 - 21.5 - - Manikandan. I

/PP Vijaykumar .G [6]
2| PVAc/False | 40/20/4 | 12.54 | 7.03 5.13 - 25.13% | Yerdaw.Z and Gedion.

banana 0 K[72]

/saw dust
3| False banana | 20/80 59.01 | - 42.22 0.5 - Ashenafi .A, Habtamu

/gypsum M[72]
4| Banana- coir | 20/80 16.43 20.52 0.76 T. Hariprasadl, G.

DharmalingaM[61]
5| E/CH/epoxy | 20/10/7 | 43.30 | 21.23 93.38 3.55 3.55% Current work
0

4.4 Simulation of Bajaj Qute RE60 Front Bumper
The overall description of Bajaj RE60 is specified in the table 4.3

Table 4. 4Specificaton of Bajaj Qute RE60 [73].

Seating Capacity 3 and driver

Max Power 10.8hp @5500 rpm
Max Torque 16.1 Nm @ 4000 rpm
Kerb weight 451 kg

Gearbox speed 5 speed + 1(R)

Over all dimensions length = 2752 mm

width =1312 mm

height = 1652 mm

Max. Speed 70 km/hr

Figure 4. 43 Bajaj Qute RE 60

Suspension Type front- Twin Leading Arm
overview|[73].

rare -Semi Trailing Arm
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Finite Element Modeling and Analysis

The ANSYS 19.2 Software program was used to analyze the BAJAJ QUTE RE60
bumper Material (E20/CH10/EP70) using FEM. ANSYS is an independent multipurpose
mathematical modeling program that incorporates preliminary processing features such
as geometry and meshing generation, along with the solver and subsequent processing
features in an uniform visual user experience. Developing the model, implementing the
boundary conditions and pressure, finding the solution, and assessing the results are the
four separate processes in the generic Explicit Dynamics study of the bumper using

ANSYS.

File View Tools Units Extensions Jobs Help
- == M= Project
&3 ) Import... J =@ Reconnect |[2] Refresh Project - Update Project 1 == ACT Start Page
- a =
B Analysis Systems J o
7@ D;sign Assessment .
3 Eigenvalue Buckling = A
&) Electric 8l KT Explicit Dynamics
E¥y SxplicitDynamics 2 & engineering Data T s
9 FI Flow - Blow Mol Polyflows ==
g uid Flow - Blov olding (Polyfiow) 3 | (@) Geometry o,
&) Fluid Flow- Extrusion (Polyflow)
A Fluid Flow (CFX) = @ Model acllll -
3 Fluid Flow (Fluent) S | @& Setup 7
& Fluid Flow (Polyflow) 6 @hJ Solution T
Ef) HarmonicAcoustics 7 @ Results o,
Harmonic Response — -
&8 HydrodynamicDiffradion Bxplicit Dynamics
& Hydrodynamic Response
&8 IC Engine (Fluent)
£&8 IC Engine (Forte)
(G3) ™Magnetostatic

Figure 4. 44 Steps in ANSYS Analysis

Modeling, meshing, boundary and load application, and model analysis were all
performed during the bumper analysis. The dynamics analysis was performed for

equivalent stress and deformation.
4.4.1 Solid Works model of the Bajaj Qute RE60 front bumper.

The bumper model was created in SOLIDWORKS 2016 and imported into Ansys
Workbench 19.2. Solid works is a 3D modeling application that works in conjunction
with the ANSYS Workbench Software. The 3D model is analyzed as shell model in
ANSYS. The overall size of the bumper was determined by directly measuring the

existing bumper.
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Figure 4. 45 Qute RE60 bumper 3D model.
4.4.2 Defining Engineering Data for the Material

The describing procedure in ANSYS is started by clicking the engineering tab at the top
of the working space. Following the choice of this tab, a novel Materials that explains the
material's name should be added. The new material for the bumper analysis was Enset -
Coffee husk reinforced epoxy hybrid composite (E20%/CH10%/Ep70%). The following
assumptions are made before entering the necessary data.The selected Qute RE60 bumper
has a complicated shape. As a result, assumptions are required to make the simulation

more realistic. As a result, the following assumptions are made:[74]

< the Qute bumper's shape was designed uniformly
< The material was considered to be linearly elastic and isotropic by considering all
of the components of the fibre and matrix were blended evenly.

& void-free material

9

perfect bind between matrix and

< all are fiber homogeneous

In this study, the chosen composite characteristics (E20/CH10/EP70) were added into the
data. Density, tensile strength, compression strength, young's modulus, and Poisson's
ratio are the parameters derived through laboratory testing and utilized as data for the

computation.
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Density =1.1472 g/cm3

Tensile Strength = 43.30MPa

Young’s modulus = 1951 MPa

Poisson’s ratio = (0.274

Compression Strength = 21.23MPa

A B |C D E
1 Contents of Engineering Data B X) Source
D) = Materia
3 % Enset - Coffee husk fiber reinforced Epoxy (E20%/CH10%/Ep70%) ~ [ C:\Users\Pc\Documents\FW. xml
\ e
v B X
A [ c D |E
1 Property Value Unit (XJE3]
2 T4 Material Field Variables [ Table
3 A Density 1472 gam”-3 I (@] ]
4 |8 {3 sotropicElasticity ()
5 Derive from Young's Modulus and Po... ﬂ
6 Young's Modulus 1951 MPa v B
7 Poisson's Ratio 0.274 B
8 Buk Modulus 1.4388E-409 Pa 0
9 Shear Modulus 7.657E408 Pa 0

Figure 4. 46 Flax/Sisal/Epoxy Material Engineering Data

4.4.3 Mesh Generation

Mesh is a persistent geometric region with arbitrary geometric and topological units. The

meshing was fine-sized here, and the geometry's mesh settings had been customized to

default.The Mesh module has a number of features for specifying mesh properties

including mesh density, element shape, and element type. The total object has been

meshing with 93450 elements and has created 25514 nodes.

Details ot "“Mesh™

=/ Display
[ Display Style
*
=)/ Sizing
FUse Adaptive Sizing
Resolution
[Mesh Defeaturing
Defeature Size
| Transition
FSpan Angle Center
[ Initial Size Seed

Average Surface Area
| Minimum Edge Length
#| Quality
[+ Inflation
#| Advanced
(= Statistics
[Nodes
|Elements

|Fine
bBoundlng Box Diagonal .1536.8 mm

11.572e-003 mm

| 93450

[Use Geometry Setting

[Yes

|4

|ves

| Default
|Fast

Assembly

3481.3 mm*

25514 000

A

600.00 (mm)
—

300.00

Figure 4. 47 Meshing details and Meshed front bumper Model
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4.4.4 Inputs for Finite Element Analysis

The speed of the bumper serves as an input parameter for the FE computation. During
execution, this input is used. In the scenario of analytical steps that operate on the bumper
model and the predefined solid barrier, there are several variables. However, the major
input in this scenario is the velocity of the bumper as a result of its displacement. Since
the bumper is for low speed crash application the speed of the car was taken according to
Ethiopia traffic management proclamation 208/2006 the speed of a car in city is limited

to 30km/hr.

0.00 600.00 (mm) A
[ = )2 X

300.00

300.00

Figure 4. 48 Input parameters and boundary conditions
4.4.5 Applying Boundary Conditions and Load Conditions

Establish boundary constraints that significantly confine the sliding of the model's bottom
ground and prohibit solid body action, thus preliminary boundary conditions and the
predetermined velocity in the vertical direction (in Z-direction) are established at this
phase. The boundary conditions are constructed utilising the motion on the Y-axis being
confined, the solid wall's motion being locked to zero as a boundary condition, and in the

predetermined having a velocity of 8.33m/s in the Z-axis.
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4.4.6 Generating Solutions

Considering the specified criteria, the overall displacement, equivalent Elastic von Mises
Stress was generated in this explicit dynamic analysis. The ANSYS19.2 tool is used to
construct the finite element model and calculate its stresses and deformations. The
bumper model's findings were obtained utilizing an Enset - Coffee husk epoxy hybrid.
Geometry and velocity are considered. The explicit dynamic approach is mostly used to

analyze the bumper model. It will also easily illustrate the bumper's performance.

/@] Solution (A6)
/4] Solution Information

Pobal Ml bl

,/\P‘i; iotai Deformation
/& Directional Deformation
/& Equivalent Elastic Strain
/& Equivalent Stress
/& Equivalent Plastic Strain

Figure 4. 49 Solution Tab

4.5 Result

Equivalent Von Misses Stress: The maximum equivalent von misses stress acquired for
the Qute RE60 front bumper material of Enset/Coffee husk/epoxy hybrid composite is
39.119 MPa and the minimum value is 0 MPa.

x‘\r/' z
0.00 600.00 (mm)
L S—

300.00

Figure 4. 50 Result of the Equivalent Von Misses Stress
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Deformation: The maximum deformation achieved for the Qute RE60 front bumper
material of Enset/Coffee husk/epoxy hybrid composite is 15.09mm and the minimum
value is 6.2183mm.

vV

X\T/' &
0.00 700.00 (mm)
o —

350.00
Figure 4. 51 Result of Deformation

4.6 Discussion
Employing the ANSYS Workstation tool and the criteria for the boundary, the imposed
velocity is supplied along the impact plane towards the stationary barrier; afterwards the

result for equivalent (von-Mies) stress and overall deformation is measured.

Equivalent Von Misses Stress: For design assessment, the Von Misses stress is regarded
as acceptable. The Von Misses stress statistics indicates that the structure will be rejected
if the highest value of Von Misses stress created in the material is greater than the
material's strength. As a result, the von Misses stress is often employed to determine

whether a structure can handle a particular load.

As the findings reveal, the bumper's rear face experiences the most stress. subsequently
contrasted with the breaking strength of the component and the stress magnitude gained,

Enset/Coffee husk/epoxy hybrid composite with a percentage of 20/10/70 appears to be
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worthy of serving as an alternative for the traditional material utilized in the fabrication
of the Qute RE60 front bumper, such as carbon, aluminum alloy, and high density PE

foam.

Deformation: Overall deformation is the modification of a bumper model with a velocity
implementation from its original or beginning shape to its present shape. The resulting
displacement value is similarly extremely low, showing that the material can sustain the
impact delivered at a low speed accident of 30km/hr. Furthermore, it demonstrates that
the composite component can be an alternative for the existing material used in the

production of the Qute RE60 front bumper.
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Chapter Five

Conclusions and recommendations

4.7 Conclusions

This research focuses on the development of natural fiber hybrid composite for car front
bumper. The most crucial factor to take into account throughout the design procedure is
energy absorption. An ANSYS Workbench FEM tool is used to model and analyze the
chosen model of Qute RE60 car frontal bumper. Because the bumper model is exposed to
a crash velocity of 30 km/hr, the study employs solid barrier modeling. ANSYS
Workbench 19.2 will be utilized to analyze the model employing an explicit dynamic
technique. The bumper model utilized in the explicit dynamic study has a somewhat
lower Von Misses stress and distortion. Because of the design of the model and the
material employed in the research, the bumper provides the lowest von misses stress
value and deformation throughout explicit dynamic computation. Because of the

material's impact resistance, of the material, enset/coffee husk epoxy composite is good.

All the composite properties were imported from the experimental data gained by
mechanical property test of the composite to ANSYS Workbench 19.2. Based on the
preceding study, the study deduces that the employed composite material satisfies the
majority of the criteria for high strength and stiffness in order to withstand the 30km/hr
low speed crash/impact load. The Enset coffee husk hybrid epoxy composite bumper is

used as the alternative material for front bumper.

The tensile, flexural, compression, impact, and water absorption characteristics of
Enset/coffee husk/epoxy hybrid composites having various proportions were presented in
this study. As an alternative material, it has also suggested an appropriate composition of
20% enset, 10% coffee husk, and 70% epoxy in which fibers are chopped in length (enset
to 3-8mm and coffee husk 0.2-1.8mm) and treated with 5% NaOH. The following is the

work's conclusion.
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» Hand lay-up approach was used to successfully fabricate the hybrid composite
utilizing enset - coffee husk fiber reinforced epoxy.

» The treated composite C5 with 20% enset, 10% coffee husk, and 70% epoxy
composition had the maximum tensile strength of 43.30 MPa.

» The treated composite C5 with 20% enset, 10% coffee husk, and 70% epoxy
composition had the maximum flexural strength of 93.38 MPa.

» The treated composite C6 with 10%enset, 20% coffee husk, and 70% epoxy
composition had the highest compression strength of 23.25MPa.

» The composite C5 with 20%enset, 10% coffee husk, and 70% epoxy composition
had the highest impact strength of 3.55 J.

» The treated composite C3 with 5% enset, 15% coffee husk, and 80% epoxy
composition had the lowest water absorption percentage of 3.09%.

» The material with 20% enset, 10% coffee husk, and 70% epoxy composition that
is treated with 5% NaOH and chopped (enset to 3-8mm and coffee husk 0.2-
1.8mm) reinforcement has superior mechanical and physical properties among the
nine-specimen composite of enset/coffee husk/epoxy hybrid composite.

» The tensile strength of the suggested composition is 43.30 MPa, the compression
strength is 21.23 MPa, the flexural strength is 93.38 MPa, the impact strength is
3.55], and the water absorption percentage is 3.55%.

» The ANSYS modeling and analysis with the current material properties is
completed successfully, with a maximum Von Misses stress value of 39.119MPa
and total deformation of 15.09 mm, which is less than the composite's strength.

» Finally, it can be concluded that an alternative material is an enset - coffee husk
fiber reinforced epoxy composite with 20% enset, 10% coffee husk, and 70%

epoxy.

As a result of the findings and comparisons of this investigation, the produced shredded
Enset-coffee husk epoxy-reinforced composites exhibit acceptable mechanical

characteristics and should be used for the lightweight front bumper.
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4.8 Recommendation

Enset and coffee husk fiber reinforced matrix hybrid composites for vehicle front bumper
applications are currently not used. To overcome constraints and achieve good
mechanical properties, appropriate fiber extraction, hybridization, fiber surface

modification, and manufacturing procedures should be used.

There were several challenges to overcome in developing Enset and coffee husk fibre
reinforced matrix hybrid composites for automotive front bumpers. However, due to the
wide range of bumper applications, the research is confined to the bumper analysis
pertaining to the effect of collision velocity with a rigid body based on the existing and

future use of vehicle front bumpers and global raw material shortages.

Because a better extraction method results in superior mechanical, physical, and thermal
qualities, it's best to keep the extraction process moderate. Other than the manual layup
procedure, a production technology was used. Examine different compositions and
orientations of enset/coffee husk/epoxy. The chosen material is suggested for usage in a
Qute RE60 front bumper low speed crash applications, since it has good qualities and can

be utilized as alternative for synthetic fiber composites.

4.9 Future Work
There are numerous potential research areas for Enset/coffee husk/Epoxy hybrid

composite. Some of them are listed below;

< Develop the composite bumper for other structural parts of vehcles.

9

Hybrids the current fiber with synthetic fiber and develop new material.

q

Investigate the thermal analysis of suggested material.

q

Characterize and investigate the interfacial bonding between fiber and matrix.

& Investigate the fatigue failure of enset coffee husk fiber reinforced epoxy
composite.

® Investigate the sound absorption and free vibration of the composite for

automotive applications.
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