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ABSTRACT

Hybrid polymer matrix composite materials have significant applications in different areas for
weight reduction of automobile and other house hold furniture and however application in
structural load bearing due to their mechanical properties were less. Mechanical properties of
polymer matrix composites were make them less applicability which needs more research study.
The thesis was aimed to fabricate a hybrid composite from natural teff straw fiber and E-glass.
Experiments were conducted out by preparing a sample having different weight composition of
reinforcement and developed through different levels of process parameter. The effect of
reinforcement and process parameter on mechanical properties has been studied. Investigation
and optimization of the fabricated parameters of fiber in teff fiber and E glass fiber by using
Taguchi’s method were considered in this thesis work. In this study, a series of tests (tensile test,
flexural test, impact test, hardness test, compression test) have been conducted according to
ASTM D4762 to optimize the most significant factor of teff fiber and E-glass. To know how the
experimental parameters affect mechanical properties, the statistical software have been used to
calculate the Signal-to-Noise (S/N) ratio of each factor and analysis of variance (ANOVA) was
also used to determine the participation percentage and optimum level of the considered factors
on the new classes of products. The amount of reinforcement was varied from 20% to 40% in
matrix of 60% to 80% weight percentage. Three parameters (fiber content, fiber orientation and
fiber treatment) with three levels (20%, 30%, 40% reinforcement and 60%, 70%, 80% matrix)
were considered. Composite with 30wt% reinforcement (15% teff fiber, 15% E glass) in 70wt%
matrix were found to possess higher tensile strength = 33.03Mpa at sample number 9 among the
fabricated hybrid composite specimens. While flexural strength of 64.48MPa and the higher
compression strength of 74.43Mpa at sample number 2 was measured. The maximum impact
strength of 127 KJ/M? was noted. Finally, this research work is expected to help all industries

and researchers working in this area of focus.

Keywords; Composite, Polymer Matrix, Hybrid Matrix, Mechanical Properties, Teff Fiber,

Glass Fiber, Natural fiber.
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CHAPTER-1

INTRODUCTION

1.1 Background

Many studies and research are being conducted to find ways to use natural fibers instead of
synthetic fibers. These natural fibers are chosen over synthetic fibers since producing polymer-
based composites using natural fibers is less expensive, reduces pollution, light weight, not
poisonous, better mechanical possessions and helps to solve future environmental issues
(Mathur, 2021)

Composite materials are formed by combining two or more materials that have quite different
properties. The different materials work together to give the composite its unique properties, but
we can easily distinguish the different materials within the composite because they do not
dissolve or blend into one another. Most composites are made by combining fibers or fragments
of a stronger material (the reinforcement) into a single material (the matrix). A matrix glues all
the fibers together in shape and transfers stress between the reinforcing fibers. The reinforcement
is held by a matrix, while the reinforced material provides the overall mechanical properties of
the composite. Filler is mostly used to smooth the production process, provide the composites
special properties, and reduce the product cost._ Manufacturers have many choices when it comes

to determining the properties of the final composite during the manufacturing process.

A composite is named based on the type of matrix used, which could be metal, ceramic, or
polymer(Kelly, 2001). When it is a polymer, it is termed a polymer matrix composite. Natural
fibres have gained recognition as reinforcements in fibre polymer matrix composites because of
their mechanical properties and environmental friendliness. The most common sources of natural
fibers include animals, plants, and minerals. We are probably most familiar with animal and
plant fibers from a consumer stand point. Fiber reinforced polymer matrix composites are used in
practically every aspect of our everyday lives, and their use is increasing at a rapid rate. It is
applicable in aircraft and aerospace industry; used in the construction of structural parts for

military aircraft, space shuttles and satellite systems.



Figure 1.1 shows the basic source of natural fibers like animals, vegetables and mineral.

Basically, my thesis concern the leaves type specifically teff fiber.

r

[ Source ofnatural

v v

Amma] v EgE‘tﬂhlE I‘v‘ﬁﬂ EI'E]
| |
Wool, silk, Basalt, asbhestos,
hair brucite

Steam Fruit Leaves Seed
Jute Coir Teff Kapok
Bamboo Husk Banana Linseed

Loofah Pineapple Milkw eed

Figure 1-1 Properties of natural fibres (Mathur, 2021)



Table 1.1 shows the over al physical properties of natural fiber. The Average density of the fiber,

young’s modulus, elongation at a break and tensile strength of different natural fibers are listed

below
Table 1-1 physical properties of natural fiber (Manickaraj et al., 2022)
Fiber Density Elongation at Tensile Young’s
break strength modulus
(g/cm3)
(%) (MPa) (Gpa)
Teff (kuncho) | 1.53-1.91 280-360 9.2-10.7
Coir 1.2 30 175 4-6
Cotton 1.5-1.6 7-8 287-597 5.5-12.6
Banana 1.35 5.9 500 12
Pineapple 0.8-1.6 14.5 400-627 1.44
Sisal 15 2-2.5 511-635 9.4-22
Flax 15 2.7-3.2 345-1,035 27.6
Jute 1.3 1.5-1.8 393-773 26.5

Today's manufacturing sectors prioritize creating environmentally friendly goods and sustainable
development is becoming the norm worldwide. Because, natural fibers are biodegradable and
they are utilized in the production of these environmentally beneficial items. The main reason for
the rising use of natural fiber-reinforced composites (FRC) are awareness of concerns including
pollution, waste of energy, raw materials and depletion of petroleum reserves. Natural fibers are
favored over mineral fibers because of their low density, ease of recycling and lack of toxicity to
the skin and respiratory system(Naidu, 2020). The need for composites made of natural fibers is
growing daily and using different polymers to reinforce them has made it possible to produce
high-quality, efficient goods for the furnishing sectors. This has prompted scientists to

investigate modern reinforcing materials. Natural fibers have a specific nature that is determined
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by factors such as the type of plant, age, extraction technique, and processing method. Natural
fibers are divided into three categories according to where they come from: cellulose-based,
animal-based, and mineral-based (Mathur, 2021)

One of the first natural fibers, teff straw has been utilized for centuries in Ethiopia for reinforcing
mud bricks and mud plastering. Natural fibers are inexpensive and widely accessible locally in
many nations. Because of this, using it as a building material is extremely inexpensive, nearly
negligible when compared to the whole cost of polymer composite. Using natural fibers can
result in significant cost reductions in this manner. The ease of handling that comes with natural

fibers over synthetic ones could possibly be attributed to their flexibility (Khan et al., 2022).

1.2 Problem Statement

Hybrid composite materials were getting attention in research due to abundant natural resources.
Teff is annual cereal crop grown mostly in Ethiopia and exported to other east African nations.
Teff straw fiber is a solid agricultural by product of this crop. Polymer matrix composite has less
mechanical properties like strength, hardness and flexural strength which needs more research
work to optimize the controlling parameters. Therefore, finding other alternative conversion of
teff fiber to fabricate composite encourage the agricultural center and become additional source
of income for our farmers and small and medium scale industries. farmers to get more income.
This thesis study aimed to solve the problems by utilizing teff fiber with E-glass fiber for
fabrication of composite and improved mechanical properties. Large volumes of waste teff straw
that are disposed of by gathering and using it to create useful products like hybrid composite
materials. The local farmer uses the teff straw fiber for cattle feeding and reinforcement in rural
made out house mug only. This study was applicable for construction purpose like furniture and

house hold materials.
1.3 Objective

1.3.1 General objective

The main objective of this thesis was to fabricate hybrid composite from natural teff fiber with
E-glass, investigate their mechanical properties and optimize process parameters using Taguchi

excrement design.



1.3.2 Specific objective

1. To fabricate polymer matrix composite from teff natural fiber and E-glass using hand
layup method.

2. To investigate mechanical properties according to their ASTM standard (Tensile D3039,
Compression D3410, Flexural D790, Impact strength D256 and hardness of composite.

3. To optimize an important fabricating parameters of fiber (concentration, orientation and
treatment) of composite.

4. To study the microstructure and morphology of fabricated composite using SEM.

5. To investigate crystalinity and phase analysis using XRD method.

1.4 Significance of the study

The goal of this study was to create and examine a hybrid composite made of E glass fiber and
natural teff fiber. Practically speaking, it aids industries in identifying the hybrid composite made
of teff and E glass fiber that has a high strength, low weight and aesthetically pleasing exterior
structure. This study will serve as a reference for future researcher and be used by the industries
to create matrix composites for both specialized and broad applications. This study was focus on
improving properties through composite formation in addition to investigating existing

properties.

1.5 Expected outcome of the study

It is anticipated that this study will create composite materials with good mechanical properties
by appropriately combining natural teff fiber and E glass with resin base matrix composite
material. These materials can be used in a variety of applications where strength and weight are
important design considerations. A number of experimental results based on the orthogonal array
or designed parameters will be obtained and analyzed using statistical methods. The analysis of
variance will be conducted in order to determine the participation percentage and optimal level

of the components that are being examined for the new product classes.



1.6 Scope of the study

Teff fiber and E glass will be used to create a hybrid composite in this investigation. The
mechanical properties of the composite such as tensile, flexural and impact strengths are also
being experimentally characterized as part of this study in accordance with ASTM guidelines. A
review of the literature on the lamination process and composite materials will be thoroughly
discussed during the course. To achieve the best outcome, the specimens were sliced in
accordance with ASTM guidelines and their mechanical properties were assessed. Using
analytical software for the design of experiment technique (DOE), the best findings for the

manufactured composite will be examined following the experimental test.

1.7 Limitation of the study
The major limitation of this thesis study was non-availability of epoxy matrix supply in our

country, Ethiopia. This was due to its flammable properties not allowed to import to this country.

1.8 Beneficiary of the study

This research has further benefits for our farmers. Considering that over 40% of teff straw
products are wasted. They just use it to feed livestock. I choose to work on it because of this. As
far as we are aware, almost 60% of Ethiopians work as farmers. The government is also paying
this industry more attention. Therefore, if there is a chance to repurpose this waste product, it

might transform our farmers' lives and increase their productivity.

1.9 Research motivation

Teff fibers are abundant in Ethiopia and have little commercial use, making them ideal for
creating composite materials for light-weight application. Additionally, by using this product for
composite fabrication, It is observed that there should be a chance to improve the lives of our
farmers. By possibility of giving our farmers additional revenue stream by employing teff fiber

in the production of composite materials.



1.10 Thesis organization
The thesis was organized and discussed in five different chapters as shown below.

Chapter one introduces the background of the study, problem statement, Objective of the study,
the scope of the research, significance of the study and motivation of study.

Chapter two contains a literature review to provide the research trend and gap of the main
points of this thesis. It presents the hybrid fiber/waste teff reinforced polymer composites, the
application of fiber reinforced composites and fabrication of composites carried out by different

investigators.

Chapter three provides information about the materials and experimental methods used in the
thesis. This includes matrix and fiber materials, methods of sample preparation, experimental

methods and techniques of the hybrid teff fiber reinforced Epoxy resin composite laminate.

Chapter four presents the result and discussion on the mechanical properties of teff fiber and E
glass reinforced thermoset based composite and verification of recommended parameters using

Taguchi’s method of regression analysis, signal to noise ratio and analysis of variance.

Chapter five provides conclusions based on the experimental study and recommendations for

future work.



CHAPTER -2

LITERATURE REVIEW

2.1 Introduction

In this chapter related literature works were presented under different sub topics like fabrication
method, mechanical testing techniques and optimization of process parameters. This overview of
the literature includes a thorough analysis of the techniques and works that have been used to

study the mechanical properties of hybrid composites made of E glass and natural teff fiber.

2.2 Composite materials

A material made by combining two or more constituents is called a composite. Hybrid composite
systems consist of one type of filler or reinforcement material added to a mixture of dissimilar or
distinct matrices (blends), two or more fillers or reinforcements present in a single matrix, or a
combination of both ways. The length of individual fibers, orientation, fiber to matrix bonding,
content, degree of fiber intermingling, and arrangement of both fibers are the only factors
influencing the attributes of the hybrid composite. A composite with two fibers hybridized
always performs better than one fibered composites (Zhang et al., 2012). The resultant material
can outperform both of its parents in certain aspects. Composites have garnered a lot of interest
over the last 20 years, and many researchers are working on this subject. The literature review's
objectives are to draw attention to how applicable the current study is and to give background
information on the subjects that will be examined in this inquiry. Many characteristics of
polymer composites have been taken into consideration with regard to their development and
characterization. The previously published literature has addressed the mechanical and physical
properties of composites. A knowledge gap in previous investigations has been identified to

elucidate the purpose and necessity of the current work (Gebre and Raj, 2016).

2.2.1 Advantages of Composite Materials

Resistance; A composite is resistant to a variety of chemical contaminants that would damage
metal parts, such as acid rain and salt spray. It outlasts the majority of steel parts on an
automobile and does not rust or corrode when exposed to dampness. The cost of upkeep and

repairs is thereby significantly decreased.



Resilience; The capacity to undergo deformation and recover to its initial form without suffering
significant harm. Two of composites' greatest benefits are shape memory and impact resistance,

especially in the transportation sector.

Low weight; Due to the significant weight savings (about 25% of that of steel and 30% less than
that of aluminum) - installation, handling, and in particular fuel consumption costs are reduced as
compared to identical metal parts. When two previously made-of-steel or aluminum components
are merged into a single composite construction, even more weight is saved. Additionally, this

saves money on the installation procedure.

Compatibility between adhesive and coating; Due to their comparable polymeric composition,

adhesives and coatings are generally compatible with composites.

Thermal properties; Composite structures act as very good insulators, whilst retaining their shape
while not becoming brittle in cold temperatures.

Strength; Comparable to aluminum and steel, strength characteristics of many materials can be

reproduced through research and development with reinforcements.

Safety; Fiber reinforced composites are low in electrical conductivity and are efficient fire
retardants, which make them a good choice for covering electrical parts.

Reduced cost ; Effective techniques have been developed which produce a post mould paint-
finish type surface which requires no further processing, thus eliminating the need for time
consuming and expensive finishing. For composites which have been designed to be painted, the
part manufacture can include allowances for a surface finish suitable for the keying-in and
adhesion of the finish (Shanyi et al., n.d.).



2.3 Classification of composite materials

There are many ways to classify composite materials according to the meaning of composite
materials and its naming principles.

Classification in accordance with the type of matrix material

Metal matrix composites (MMC’s); inorganic non-metallic matrix composite materials; polymer
matrix composites (PMC’s).

Classification in accordance with the form of dispersed phase.

Continuous fiber-reinforced composite materials; fibrous fabric, braid reinforced composite
materials; sheet reinforced composite materials; short fiber or whisker reinforced composite
materials; particle reinforced composite materials; nanometer particle reinforced composite
materials.

Classification in accordance with the type of reinforcing fibers

Carbon fiber composite material; glass fiber composite materials; organic fiber composite
materials; boron fiber or silicon carbide fiber composite materials; hybrid fiber composite
materials.

In accordance with the reinforcing principle,

Diffusion- enhanced composite materials, particle- enhanced composite materials and fiber-
reinforced composite materials.

According to different preparation processes,

It is classified as laminated composite materials, winding structural composites, pultrusion
composite materials, and textile structural composite materials.

Based on different application requirement,

There are structural and functional composite materials.

Functional composite materials, in accordance with its function, can also be divided into
electrical functional composite materials, thermal functional composite materials and optical

functional composite materials(Kelly, 2001).
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Polymer matrix composite

Based on the
| chemical nature of | Metal matrix composite

the matrix phase \
Ceramic matrix composite

Composite
materials Particle reinforced composite
Based on the = = -
di Fiber reinforced composite
ispersed phase
(geometry of
reinforcement Structural composite

Figure 2-1 Classification of composites (Kalaa et al. (2014)

2.3.1 Polymer matrix composite

Fiber serves as reinforcement in polymer matrix composite materials, which use organic
polymers as the matrix. Normally, the fiber's strength and modulus are far higher than those of
the matrix material. Fibers become the primary load-bearing element as a result. To securely
bind fibers together, a matrix material with strong adhesion qualities is necessary. In addition,
the matrix material can transfer the applied load to the fiber and distribute it uniformly.
Furthermore, certain qualities of composite materials are mostly determined by the properties of
the matrix material. Because of this, the performance of composite materials is directly
influenced by the fiber, matrix and interface between them(Reddy Palle et al., 2022).

Fibers from many sources can be used to create polymer composites. Polymeric matrix materials
are the most often utilized type. There are two causes for this. For many structural applications,
polymers' mechanical qualities are generally insufficient. Compared to metals and ceramics, they
are especially weaker and less rigid. By using polymers to reinforce other materials, these
challenges are solved. Second, high pressure and high temperature are not necessary for the
manufacturing of polymer matrix composites. Additionally, less complicated machinery is
needed to produce polymer matrix composites. Because of this, polymer composites saw a quick
development and rise in popularity for use in the consumer products, automotive, aerospace and
structural industries. There are two types of polymer matrix composite materials: thermosetting

resin-based and thermoplastic resin-based (Khayal, 2019).
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2.3.1.1 Thermoset polymer matrix

The molecules of thermoset polymers, also referred to as resin, are chemically bound together by
a cross-link. Once a cross link has been made, they cannot be used again. Their low viscosity
makes them easy to manufacture, which is the main reason they are used. The short room
temperature storage life, the long mold manufacture process, and the low strain-to-failure are the
disadvantages of thermoset polymers. Overall, the thermoset polymer matrix materials are more
cost-effective, have high temperature capabilities, good mechanical, wetting and adhesive
qualities, and are simple to dispose of. The thermoset resin materials epoxy, polyester, vinyl
ester, and phenolic are the most often utilized types. The cross-link density has a considerable
influence on the characteristics of polyester. Some of the advantages of the polyester resin are
low cost, low specific gravity, easy to handle, low viscous, ability to be made translucent. The
disadvantages are high shrinkage, strength and modulus is less than epoxy(Thakur et al., 2014).

Table 2.1 shows values tensile strength, elastic modulus and density for different thermoset

polymers.
Table 2-1 Properties of thermoset polymers (Chaudhary and Ahmad,2020)
Tensile ) ]
_ Elastic Modulus | Density
Strength % Elongation
(MPa) (g/cm3)
(Mpa)
Phenolic | 62.05 2 8963.18 1.27
Amines | 68.95 1 11031.61 1.50
Polyesters| 89.63 3 4481.59 1.28
Epoxies | 103.42 6 3447.38 1.25
Urethanes| 68.95 6 - 1.30
silicone | 27.58 0 8273.71 1.55
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Application of Thermoset Polymers resin type.

> Alkyl (polyester) is used automotive body panels and fender/wing walls, tool housings,
brackets, industrial equipment housings, coatings.

> Epoxy is applicable in Coatings, casting compounds, encapsulating for electrical
components, laminates and adhesives.

> Phenolic is used for Electrical switch housings, relays, laminates, adhesives (plywood,
particle board), handles (cooking pots and pans), knobs and electrical motor components.

» Polyurethane is applicable in Sealants, adhesives and coatings. Automotive body panels
(Reaction Injection Molding), foams.

» Urea and Melamine are used in Electrical breakers, receptacles, closures, knobs and handles,

appliance components, adhesives, coatings and laminates (Elkhouly et al., 2019).
Advantage and disadvantage of polymer resin.
Advantages

Resistant to high temperature

Resistance to corrosion effects and water
Excellent aesthetics finishes

High mechanical property

Hard and rigid

YV V ¥V V VYV VY

High strength-to-weight ratio and performance
Disadvantage

Cannot be recycled.
Much more difficult to surface finish.
Cannot be remolded or reshaped.

Poor thermal conductivity for housing replacements.

YV V ¥V VYV VY

The rigidity of the material can result in product failure when used in high in vibration

applications.
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> The low initial viscosity of materials results in flash and the need for secondary

operations (Kannan, 2019).

Table 2.2 shows comparison of thermoplastic and thermosetting resin with respect to different

characteristics like tensile properties, stiffness, compression and fatigue resistance.

Table 2-2 Comparison of thermoplastic and thermosetting resin (Nguyen et al., 2017)

Characteristic Thermoplastics Thermosets
Tensile properties Excellent Excellent
Stiffness properties Excellent Excellent
Compression properties Good Excellent
strength after impact Good to excellent Fair to excellent
Bolted joint properties Fair Good
Fatigue resistance Good Excellent
Damage Tolerance Excellent Fair to excellent
Durability Excellent Good to excellent
Maintainability Fair to poor Good
Service temperature Good Good
Environmental weakness None of the hydraulic Moisture

fluid
Manufacturing scrap rates Low Low
Prepare shelf life and out Excellent Good
time
Health/safety Excellent Excellent
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2.3.1.2 Polymer matrix composite shaping processes

Fig 2.2 shows Fiber reinforced polymer (FRP) composite shaping processes: Fiber reinforced
polymer (FRP) composite shaping or manufacturing processes can be divided into five
categories, as organized in figure below. Open mold processes, Closed mold processes,

Filament winding, Pultrusion processes and other.

| Fiber reinforced composite shaping process

s

Shaping process for continuous Shaping process for short fiber
Open mold Pultrusion Closed mold Open mold Others
process process process process
Closed mold Centrifugal
L 4 Compression & Spray up Bracess cas‘r%ng &
Resin transfer Continuous
Hand lay up & - - laminating
molding .

Automated tape Injection &

lying Compression
Transfer

Figure 2-2 Composite shaping or manufacturing processes (T. P. Sathishkumar et al., 2014)

2.3.2 Ceramic matrix composite

Ceramic-matrix composites are the third significant type; one example is a matrix made of
borosilicate glass that has silicon carbide fibers embedded in it. They are particularly well suited
for use in thin, high-temperature components, such as those for jet engine parts, because of their
ceramic matrix. Ceramic materials have several advantages over other materials, including high
melting points, compressive strengths, and resistance to oxidation and degradation at high
temperatures. Unfortunately, because they are brittle and prone to breaking, ceramics have
relatively poor ratings for fracture toughness. Enhancing the fracture toughness of ceramic can
be achieved through the use of fibers, whiskers, or other microscopic particles as reinforcement
(Shanyi et al., n.d.)
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2.3.3 Metal matrix composite

Metal matrix composites (MMCs) are materials made by adding reinforcement to a metal or
alloy matrix, such as fibers, whiskers, or even a sheet of metal, in the form of ceramic or metal
particles. Metal matrices offer higher strength, fracture toughness, and stiffness than their
polymer counterparts. Most metals and alloys can be used as matrices; however, they require
reinforcement materials that are stable at high temperatures and do not react readily. However,
the matrix material is mostly what guides the decision (Sharma et al., 2020). Practically any
metal or alloy can be used as an effective matrix. Only light metals can react, which is
advantageous given their low density. Aluminum, magnesium, and titanium are the trendy matrix

metals of today and are excellent choices for aircraft applications (Astrém, n.d.)

2.3.4 Short Fiber Reinforced composite

Given that a composite is an isotropic component that is, its strength varies with the direction of
applied force short fibers are used arbitrarily and in alignment. The fibers are used as
reinforcement after being trimmed to the appropriate lengths. Since reinforcing influences every
part of a composite's properties, the fibers should be evaluated before using them. Particles of
stone or mineral are also used as reinforcement. The adherence and compatibility between the
reinforcement and matrix will have a major impact on the composite's performance (USG, 2000).

2.3.5 Continuous Fiber Reinforced composite

Reinforced materials are often used in layered or laminated constructions. The continuous
structure of the fibers makes it difficult to apply matrices and fibers as slurry during the molding
process because of problems with workability. The application of continuous fibers is limited to
specific products because the structure produces a layer or laminate structure that has a tendency
to detach from the mother composite when an impact force is applied (USG, 2000).

2.4 Classification of the fiber

Similar to wool or cotton, fiber glass may also be spun into yarn and fashioned into fabric. Fiber
glass textiles are frequently utilized to reinforce polymers that have been molded and laminated.
The thick, fluffy fiber glass wool is used for sound absorption and thermal insulation. It is
composed of discontinuous fibers. Bulk heads and hulls of ships and submarines, car engine
compartments and body panel liners, furnaces, air conditioners, acoustical walls and ceiling

panels, and architectural dividers are among the places where it is frequently found.
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They are the best materials for reinforcing polymer-related goods and are composed of a large
number of tiny glass fibers. Because of their great strength and low weight, glass fiber, carbon
fiber, and other fiber-reinforced polymers have similar qualities. Fiber is a tiny component used
in fiber-reinforced concrete that is made from a variety of materials, including glass, steel,
natural, and carbon fiber (Kanitkar & Associates (2017).

2.4.1 Natural fibers

Natural fibers are those that are derived straight from the natural world. Natural fibers are taken
from mineral, plant, and animal sources. The composites industry uses plant fibers the most.
Plant fibers, often known as vegetable fibers, are mostly made of cellulose in their structural
composition. The literature's findings demonstrate the widespread use of cellulose and its
derivatives in a wide range of goods and sectors. Examples of common uses were as food
additives, paper, textiles, plastics, and medicines (Sinha & Devnani, n.d.) Utilizing natural fibers
as composite filler in plastic items can cut down on the amount of synthetic polymers used, as
well as trash disposal and pollution to the environment. In composite materials, natural fibers can
be utilized as reinforcement. In plastic composites, natural fibers like jute, kenaf, hemp, sisal,
bagasse, banana, etc. work well as fillers. A composite material reinforced with fibers, particles,
or platelet derived from natural or renewable resources is referred to as a natural fiber composite.
These are a class of composite materials in which the reinforcing fibers, at minimum, come from
carbon-neutral, renewable sources like plants or wood. These fibers are gaining a lot of attention
these days for their potential replacement of synthetic fibers due to their low density, relatively
high strength, and environmental friendliness. They are also less expensive, renewable energy
sources, biodegradable, and less hazardous to people, animals, and the environment, making
them viable substitutes for glass fiber.

Natural fiber reinforced composite materials reinforcements, which are another type of element
in composites, are typically utilized to improve the matrix’s overall mechanical qualities and add
quality to the material. Fibers, fabric particles, or whiskers can all be used as reinforcements in
composite materials. In essence, fibers have one very long axis and two other axes that are
frequently round or almost circular. Both the form and the orientation of particles are random.
While they are smaller in diameter and length than fibers, whiskers have a preferred form. As the
name suggests, reinforcing elements in composites provide the strength that defines the

composite.
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However, they also give stiffness, resistance to corrosion, and heat resistance or conduction,
among other functions. Depending on the needs, reinforcement can be designed to carry out all
or some of these tasks. Many studies have been conducted on the use of natural fibers as
reinforcement for polymeric parts, with an emphasis on injection molding technique. In actuality,
banana, sisal, and flax fibers are the most important ones for the commercial manufacture of
plastic composites. Fiber reinforcement is typically used to achieve high modulus and strength.
Therefore, in order for the load to be transferred to the fiber from the matrix more efficiently, the
fiber must have a higher modulus than the matrix material(\Varis et al., 2019).

Table 2-3 Natural fibers advantage and their short-comes (Mochane et al., 2019)

Advantages Disadvantages
Recyclable High moisture absorption
Low density i.e., lightweight Dimensional instability
Zero fingerprint CO2 Flammable

High specific mechanical properties | Low strength and thermal resistance

than glass fibers than glass fibers

Non- abrasive to processing ) ) )
_ Anisotropic behavior
equipment

Processing should not produce any | Odor generation during degradation

hazardous fumes or irritate the skin.

Table 2.3 shows the overall advantage and disadvantage of natural fibers. The main dis
advantages of using natural fibers as reinforcements in a thermo plastic matrix is to create
composite materials with better dimensional stability and mechanical performance. The
hydrophilic cellulose fibers' intrinsic poor compatibility and dispensability with the hydrophobic
thermoplastics results in poor wettability and weak interfacial bonding with the polymer. Certain
drawbacks include their propensity for high water absorption properties and their low

mechanical, thermal, moisture, and fire resistance. These disadvantages make them unfair when
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compared to non-polar polymer matrices and frequently limit the potential of natural fibers,
which turns them into serious problems. Value addition to locally accessible natural fibers can be
achieved and a significant reduction in the demand on fossil fuels can be achieved if such
naturally occurring resources are processed and used carefully(G. K. Sathishkumar et al., 2022).

2.4.1.1 Mechanical Properties of Natural Fiber Composites

Many variables affect how a polymer composite made of natural fibers behaves mechanically.
for instance, matrix, fiber-matrix adhesion bond quality, fiber length and quality and so on. The
improvement of mechanical properties of composites is contingent upon the presence of a robust
interface binding between the matrix and fiber. Research has been done on the mechanical
strengths of composites reinforced with various natural fibers. Many factors, including fiber
loading, alkali treatment, and hybridization effect, have been investigated in relation to natural

fiber reinforced composites (Naidu, 2020).

2.4.2 Synthetic fibers

These materials exhibit superior mechanical qualities in comparison to their natural counterparts.
However, synthetic fibers are more expensive than natural fibers and pose a risk to
environmental degradation because they are not biodegradable. Synthetic fibers are a type of
artificial fiber. The most commonly utilized synthetic reinforcements are made of glass, carbon,
aramid, and boron fibers. Fiber sizes typically range from 5 m (0.0002 in) to 20 m (0.0008 in).
The diameters of glass, carbon, aramid and boron fibers are as follows: 5 to 25 m, 8 m, and 100
m, respectively. Because of its small diameter, the fiber is flexible and readily takes on a variety

of shapes. In glass, carbon, and fiber-reinforced polymers (FRP)(Naidu, 2020)

2.4.2.1 Glass Fibers

Glass fibers are a collection of goods created by combining individual glass strands into various
configurations. Based on their geometry, they are separated into two main groups: the continuous
fibers that are used in yarns and textiles, and the discontinuous (short) fibers that are used as
filtration and insulation bats, blankets, or boards. It was initially employed as soda-lime-silica
glass fiber (A-glass) and standard borosilicate glass (E-glass) in the early 1960s. Because of their
high modulus and strength, glass fibers can form a strong connection with concrete. The test
findings demonstrated that the alkali reactivity of the cement paste and E-glass fibers decreased

the concrete's strength (Kanitkar et al., 2017).
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Glass fibers are utilized to reinforce materials because of their unique qualities and microscopic
size components. The fibers can have a flat or round form. The aspect ratio, a continent
characteristic, is typically used to characterize the fibers. Aspect ratio is the length to diameter
ratio of fibers. As the aspect ratio rises, the matrix's segments of flexural strength and toughness
are optimized. However, optimizing aspect ratios results in a "ball" in the mixture and reduces
the concrete's workability Karim et al., (2018).

Glass fibers are the least expensive of all the fiber types since glass is a common material. Glass
fibers come in three main varieties: S-glass, E-glass and S2-glass.

e Typical forms of reinforcement include the following:

e Discontinuous chopped fibers; continuous carbon tow; glass roving; and aramid yarn
e Fabric that is woven

e  Stitched cloth (multidirectional) with stitch bonding for three-dimensional qualities;

e Woven or knitted three-dimensional objects

Applications including braiding, weaving, and filament winding use continuous fibers.
Continuous fibers are used in most thermoset and thermoplastic resin systems. Chopped fibers
are used to make compounds for injection and compression molding. The chopped fibers are
produced by severing the continuous fibers. Continuous fibers are used in spray-up and other
processes, but they are machine-cut into very small pieces prior to application. Woven textiles
are used to make laminates and preparations for a variety of uses, including sporting, marine, and
boating. Preforms are made by braiding and other methods, and they serve as reinforcement for

molding procedures such as resin transfer molding (RTM) Frank, 2002).

2.5 Manufacturing methods of composite materials

Whether a composite construction is simple or complex, one or multiple, it can be cast utilizing a
range of methods. Every technique has benefits and drawbacks of its own. The choice of a
certain manufacturing method is influenced by a number of factors, including the kind of matrix
and fibers, the pressure needed for high viscosity resin to flow through the fibers, the
temperature requirements for matrix production and curing, the end product geometry, and cost

savings. Some of the production techniques that are commonly used are:
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1. Hand lay-up

2. spray up

3. Vacuum molding

4. Compression molding

5. Resin transfer molding (RTM)

2.5.1 Hand layup

Hand lay-up is an open forming method used to make composite materials. It is the most basic
and conventional method of producing composites and it is thought to be particularly suitable for
big components in lamination processes (Leonelli and Romagnoli, 2015). Chopped or mat-
shaped fibers are combined with hand-applied resins. Typically, the fiber is coated with resin,
and then any voids or contaminants are removed with brushes or rollers. The composite is left to
cure in a standard environment. Hand layup's primary problem is its uneven quality, which is
largely due to the worker's skill level. Resins need to be low viscosity in order for the laminator
to handle them by hand (Kim et al., 2014).

2.6 Composite materials reinforced with natural fibers

Natural fibers were taken from a variety of renewable sources, including minerals, vegetable and
plant matter, and animals. To create superior composites, a variety of polymer matrices can be
reinforced with natural composites Daramola and Adediran, (2017) studied the water absorption
and mechanical properties of processed pineapple leaf fiber reinforced polyester matrix
composites. After being harvested from the pineapple plant using the wet retting method, PALF
was chemically treated to enhance the fiber and matrix's good adhesion. They used hand layup
processes at room temperature to produce the composite, and they made samples for tests on
water absorption, tensile strength, flexural strength, and hardness. The results of the investigation
show that while the elongation at break falls, the ultimate tensile strength and young's modulus
of elasticity both increase proportionately with an increase in the fiber weight fraction
composition. At 20 weight percent PALF, the ideal flexural strength and modulus were reached,
and at 30 weight percent PALF, the perfect hardness value was reached. The water absorption
test findings demonstrated that as fiber loading and weight fraction increased, so did the amount

of water absorbed by the composite.
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Jeyapragash et al., (2020) examined the mechanical properties of epoxy composites that are
reinforced with particles and natural fiber. Natural fibers are just one of the many materials that
may be discovered in the natural world. They are cheap, easily decomposable, biodegradable and
renewable. It is taken out of numerous plant and animal sources. The many natural fibers used in
polymer composites were listed; their mechanical and chemical properties were assessed, along
with their scientific names. Four categories were created from the natural composites: fiber
composites with fibers, fiber-particle composites, hybrid fiber composites, and particulate
composites with particulates. They are employed as reinforcing components in polymers for the
creation of natural-fiber composites. This study contrasts the mechanical characteristics of epoxy
resin reinforced with different types of natural fibers and Tensile strength, flexural strength, and
impact strength are among the mechanical characteristics for all varieties of natural composites
that were listed in the current survey. Both the loss of wood resources and the possibility of
creating new natural fiber-impregnated polymer composites to replace synthetic fiber composites
were explored. In order to inspire new research endeavors and facilitate the development of
novel forms of polymer composites, this overview attempts to furnish basic and background

information on natural fibers and their composites.

Hoque et al., (2021) studied several academic papers on the mechanical characteristics of
composites composed of epoxy resin bonded with pineapple leaf fiber. After reviewing a large
body of literature, they concluded that including pineapple leaf fiber into composites made with
epoxy resin enhanced the mechanical qualities of the composites. Pineapple leaf fiber's lower
micro febrile angle and 70-82% cellulose concentration greatly increase the strength of
composites. In summary, it appears that epoxy resin-based composites reinforced with pineapple

leaf fibers have a bright future in the field of fibrous composites.

Krishna et al., (2017 the mechanical characteristics of a hybrid reinforced polymer composite
must be evaluated. Composites consist of two or more discrete constituent materials that function
more effectively when combined than when used separately. Natural fibers can be used as
reinforcement in composites to increase strength, stiffness, and resistance to temperature creep
since they are affordable, renewable, non-abrasive, eco-friendly, corrosion-resistant, and
biodegradable. With a cellulose content of about 80%, pineapple is one of the natural fibers with
the highest concentration. While PALF has a very high Young's modulus and the best tensile
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strength among related natural fibers, its density is comparable to other natural fibers. By altering
the volume proportion in polyester, borax fiber can be utilized to produce inexpensive natural

fiber composites with good thermal insulation properties.

In this study, fibers from the Borassus fruit and PALF were used to create hybrid composite
materials. In different ratios, these two ingredients work with epoxy and resin to produce
innovative hybrid composite materials. Therefore, compared to individual laminate materials,
laminate composites consisting of borassus fruit fiber and pineapple leaf fiber have higher
flexural strength and impact resistance. These filled natural fiber composites are used in a wide
range of applications, such as air conditioning ducts, the oil industry, electronic packages,
aircraft cabin and cargo hold furnishings, seat backs, interior sun roof shields, valence panels
beneath front and rear bumpers, and artificial limbs for the physically challenged.

Santosh Kumar et al., (2015) developed the pineapple leaf fiber-reinforced epoxy resin
composite by examining the hand lay-up method with fiber volume ratios of 10%, 20%, and
30%. They made composites and tested them for mechanical properties like tensile, flexural, and
hardness. They found that the highest tensile, flexural, and hardness values were 65.95 MPa,
121.83 MPa, and 80B, respectively, when viewed in a 30% volume ratio. They recommended
using the pineapple leaf fiber-reinforced epoxy resin composite as an alternative to wood.

Sathish et al., (2018) several epoxy hybrid composites reinforced with natural fibers were
subjected to mechanical testing. They examined the mechanical properties (tensile, flexural, and
impact strength) and morphological characteristics of epoxy hybrid composites reinforced with
flax, kenaf, pineapple, and sisal fibers using a compression molding technique with a weight
ratio of 40:60 for the fiber to resin. They came to the conclusion that the flax/kenaf/epoxy hybrid
exhibited no porosity, resulting in a homogeneous fiber distribution, a matrix with better

bonding, and a fracture surface. Increased mechanical properties for composites as a by product

2.7 The effect of fiber length on composite

The mechanical properties of composites are best when the fibers in the composite are aligned
parallel to the direction of the applied load (Pickering, Efendy and Le, 2016). Natural fibers, on
the other hand, are more difficult to align than continuous synthetic fibers. However, long
natural fibers can be carded and manually placed in sheets before matrix impregnation to

achieve higher degrees of fiber alignment.
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(Maurya et al., 2015) Create composites with varying fiber lengths (5 mm, 10 mm, 15 mm, and
20 mm) and a consistent weight percentage (30 %) of sisal fiber content using the hand lay-up
method. This study examines the randomly oriented short sisal reinforced epoxy composite's
tensile, flexural, and impact properties. The experimental results showed that while reinforcing
sisal did not increase tensile strength, it did boost flexural strength by 25% and impact

characteristics by a significant amount when using 20 mm sisal fiber.

2.8 Effect of treated and untreated fibers on composite

Amena et al., (2022) examined how sisal fiber (SF) in starch matrices (SM) and cellulose acetate
matrices (CAM) composites was affected by an alkaline treatment. An aqueous 0.5M NaOH
solution was used to modify sisal fiber. Composites with a 3% fiber to matrix ratio were created
using the casting process, both with and without an alkaline treatment. The partial removal of
sisal fiber constituents like hemicellulose and lignin by the alkaline treatment is successful, as
evidenced by Fourier-Transform Infrared (FTIR) spectra and Scanning Electron Microscopy

(SEM) micrographs.

(Melkamu, Kahsay and Tesfay, 2018) the mechanical and water absorption properties of sisal
fiber and polyester matrix composites have been experimentally examined. Test specimens were
made using untreated fiber and an alkaline sodium hydroxide solution. The test findings show
that the alkaline treatment enhanced the composite's tensile, compressive, and impact strengths
while also providing the advantage of less water absorption.

(Ranielle et al., 2020) examined how sisal fiber (SF) in starch matrices (SM) and cellulose
acetate matrices (CAM) composites was affected by an alkaline treatment. An aqueous 0.5M
NaOH solution was used to modify sisal fiber. Composites with a 3% fiber to matrix ratio were
created using the casting process, both with and without an alkaline treatment. The partial
removal of sisal fiber constituents like hemicellulose and lignin by the alkaline treatment is
successful, as evidenced by Fourier-Transform Infrared (FTIR) spectra and Scanning Electron
Microscopy (SEM) micrographs. Treated fiber had an impact on the mechanical characteristics
of maize starch matrix composites, leading to an increase in storage and loss modules as well as

a higher rupture limit.
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2.9 The effect of fiber content on composite

Melkamu, Kahsay and Tesfay, 2018 have examined the mechanical and water-absorbing qualities
of composites made of polyester matrix and sisal fiber through experimentation. The composites
had varying percentages of fiber content- 10%, 20%, and 30% by volume. It is discovered that as
the fiber content rises, so does the impact strength. The water-absorption rate has increased with

an increase in fiber content, while the tensile and compressive strengths have dropped.

Betelie et al., 2019 have examined the tensile, flexural, and impact strengths of sisal-reinforced
composites by experimental means. Using a sisal fiber to epoxy ratio of 15, 25, 30, 35 and 40
weight percent, the samples were created by hand layup technique. The maximum tensile and
flexural strength of 30 weight percent sisal fiber-reinforced composites were found to be 85.5
MPa and 85.79 MPa, respectively, according to test results. The highest impact strength of 24.5
kJ/m? has been found for 40 weight percent sisal fiber. The sisal reinforced epoxy composites'
tensile and flexural strength are determined by the ratio of fiber to matrix; the composites'
characteristics deteriorate as the fiber content rises above 30% weight percent. As the sisal fiber

ratio increases, the impact strength increases as well.

Luna Geo, 2021 has examined the water absorption, tensile, flexural, compression, and impact
properties of an epoxy hybrid composite reinforced with flax and sisal fibers. Thirteen composite
specimens with fiber lengths of 30 mm and fiber-matrix volume percentages of 30-70, 35-65,
and 40-60 were created by hand-layup technigue in compliance with ASTM requirements. We
treated eight composite specimens with 5% NaOH. Based on the results, it was determined that
the treated composite with F25%-S15%-E60% had better mechanical and physical qualities. Its
tensile strength, flexural strength, compression strength, impact energy, and water absorption
percentage were all 68.40MPa, 145.7MPa, 45.64MPa, and 10.83J, respectively.

(Gupta, Choudhary and Agrawal, 2018) Using sisal and jute fibers for reinforcement, hand lay-
up techniques were used to manufacture unidirectional continuous aligned bi-layer hybrid
composites while preserving a 30 weight percentage of fiber content in each laminate. Different
proportions of jute and sisal fibers (J100/S0, J75/S25, J50/S50, J25/S75, JO/S100) were taken in
order to study the static analysis of hybrid composites with respect to flexural, impact, and

tensile tests. The J25/S75 hybrid composite outperformed all other composites in terms of
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flexural and tensile properties, as well as interfacial adhesion between the fibers and the

polyester matrix.

2.10 Effect of fiber orientation and weight percentage on composite

Jiru, (2021) investigated the effects of weight percentage and fiber orientation on the mechanical
properties of a natural hybrid composite composed of glass, sisal and nettle fibers. In order to
further remove lignin, hemicellulose, and other fiber remnants, both fibers were treated with 5%
NaOH, and different weight percentages of sisal and nettle fiber were used with 45° and 0°/90°
orientations. By weight, the fiber's total volume percentage was 40%. Nettle and sisal fibers were
hybridized from this weight percentage by keeping the same percentage of glass, resulting in
20NF:10SF, 15NF:15SF, and 10NF:20SF through 0°/90° orientation. Overall, it was discovered
that the 90/0-degree orientation and composition of 20NF, 10SF, and 10GF (S1) had higher
impact strength, minimal water absorption (1.25%), and maximum tensile strength (99MPa) than
the 45-degree orientation. When the direction of the applied load changed, the tensile strength
dropped. The sample with a higher surface quality was the one with equal amounts of fiber
oriented at 0° and 90°. When the compositions of the sisal and nettle fibers were greater than or

equal, the interaction between the fiber and matrix was often better.

Kumaresan, Sathish and Karthi, 2015 we out an experimental investigation to evaluate the
impact of fiber orientation on the mechanical characteristics of sisal fiber reinforced epoxy
composites when 0°/90°, +45°, and 90° sisal fiber orientations were used. Samples of sisal fiber-
reinforced composites with varying orientations were created using compression molding. These
samples were then subjected to tests for mechanical properties like tensile strength and flexural
strength, with the 90° orientation (unidirectional) demonstrating the best and maximum values of
38.84 Mpa and 151.22 Mpa in comparison to 0°/90° and 45°.

Buzuwork Abebe, Moera Gutu Jiru*, 2021 examined how the mechanical properties of a hybrid
polymer matrix reinforced with glass fiber (GF), sisal fiber (SF) and nettle fiber (NF) oriented at
45° and 0°/90° were impacted by the percentage weight composition and fiber orientation. Nettle
and sisal fibers were hybridized as 20NF:10SF, 15NF:15SF, and 10NF:20SF through 0°/90°
orientation by maintaining a constant weight percent of glass. The specimen's (90°/0°) degree

orientation and the composition of 20NF, 10SF, and 10GF demonstrate the greatest or good
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tensile strength of 99MPa in a tensile test and the highest impact strength in a Charpoy Impact
Test.

Dress, Woldemariam and Redda, 2021 utilized the hand lay-up technique to create bi-layer
hybrid composites that are unidirectionally aligned and continuous using jute and sisal fibers for
reinforcement while preserving a 30% fiber content in each composite laminate. The composite,
which is 60% polyester by weight and 40% fiber by weight, was created using a hand layup
technique. The average impact strength of a test specimen of woven sisal fiber reinforced
unsaturated polyester composite (WSFRPC) with 40 weight percent fiber 45°/-45° was 342.67
J/m, higher than that of other fiber orientations (30°/60°, 0/90°, and 30°/-45°). Impact resistance
for various fiber orientations has been examined for 30°/60°, 30°/-45°, 0°/90°, and +45°
orientations. When compared to the other orientations, impact energy is highest for +45°

orientation

Mesele, 2021 Fibers aligned in one direction have incredibly high strengths and stiffness in that
direction. The fibers are therefore usually oriented in directions that ask for a high degree of
stiffness and strength. The part may need 0° plies to respond to axial loads, 45° plies to shear

loads, and 90° plies to side loads.

Numerous researchers have conducted studies pertaining to the creation of composite materials
made of natural fibers. In order to better understand the issue and its solutions, as well as
strategies for accomplishing the research goal, a comprehensive assessment of the literature
pertaining to composites, natural fibers, and synthetic matrix will be conducted by gathering and
examining various articles, journals, and books. Nonetheless, some of the specifics of current
study are as follows:

Hang et al., 2021 give an example of the creation of nitrile butadiene rubber, which is a
component of thermoset elastomers/waste leather fiber (NBR/WLF) composites. The composites
have varying weight percentages of WLF and NBR (0/100, 20/80, 30/70, 40/60, 50/50, and
60/40). Cutting scrap leathers from the solid waste leather scrap produced by the leather industry
produced waste leather fiber (WLF). Then, a hammer mill was used to combine it to create the
short fibers. The morphology and mechanical characteristics (tensile strength, tear strength,
hardness) of WLF/NBR composites were thoroughly assessed. Because of this, the tensile

strength and tear strength increase from 0 to 50 weight percent waste leather fiber (WLF) content
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and decrease with additional WLF addition. With the WLF/NBR ratio of 50/50 weight percent,
the maximum tensile strength of 12.5 MPa and tear strength of 72.47 N/mm were attained. The
NBR matrix and the WLF had good adhesion, according to the SEM data. According to this
study, the recycled material manufactured from leftover leather and NBR was prepared
successfully and has a lot of promise for use in playgrounds and floor coverings, among other

things.

Teklay et al., 2017 investigated the use of natural rubber latex (NRL) and resin binder (RB) at
(30, 60, 90, 120, and 150 ml) to create composite sheets from leather waste by incorporating
different plant fibers such as enset (Ensete ventricosum), hibiscus (Hibiscus cannabinus), jute
(Corchorus trilocularis L.), palm (Phoenix dactylifera), and sisal (Agave sisal) in varied
proportions. This composite sheet's physicochemical characteristics (tensile strength, elongation
at break, stitch rip strength, water absorption, water desorption, and flexing strength) were
examined in order to get the optimum outcome as a reference for the binders. In terms of
mechanical qualities, composite sheets manufactured with resin binder (RB) containing 10%

hibiscus, 20% palm, and 40% sisal fibers performed better than their corresponding controls.

Teferi, 2021 composites of solid leather waste and sisal plant fiber were made using three
different binders: polyurethane, natural rubber latex, and synthetic resin. The created composites
were described using their physical characteristics. The three sisal composites that had the best
tensile strength (MPa) across all binders were the ones made with 30% natural rubber latex, 40%
sisal composites made with resin binder, and 40% sisal composites made with polyurethane
binder. Ultimately, it was found that the composites created in this study have good mechanical
qualities and can be utilized as a raw material for light-duty consumer products like mouse pads,
wallets, light-weight handbags, chapels, wall partitions, furniture parts, and interior decorations.
Out of all the composites, the one with the best performance was binders with 40% sisal in RB
and PUB, but only 30% in NRL. By creating these high-value products from solid waste leather,
we can lower pollution, maintain environmental sustainability, and reduce solid waste.

Additionally, they could be a source of income and jobs.
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2.11 Taguchi method optimization techniques

The Taguchi Method is a technique for designing and conducting experiments to investigate
processes in which several factors (variables; inputs) affect the output. This method eliminates
the need to run the process economically and laboriously using every potential combination of
values for those variables. The Taguchi Method was developed in the 1950s by Japanese
scientist Genichi Taguchi as a means of improving the quality of manufactured goods. This
strategy is predicated on the notion that doing the fewest number of trials feasible will result in
cost savings (Sirvanc et al. (2011). The Taguchi technique can be used to greatly reduce the time
and cost of experiments while improving the most advantageous goods' performance, process,
design, and system (Wiley and Sons, 2008). The experiment's mix of parameters, such as those
used in composite fabrication and machining, can be created by carefully choosing certain
combinations of variables and utilizing them to differentiate between their individual impacts. A
design of experiments (DOE) is a task that attempts to describe and explain the variance of data

under conditions that are assumed to reflect the variation.

2.11.1 Signal to Noise ratio Analysis

To find the optimal machining settings, the signal-to-noise ratio (S/N) of each level of the
Taguchi method's machining parameters must be assessed for each output function The level
with the highest S/N among the optimal parameter levels is considered optimum. Taguchi
measures the quality attributes that deviate from the ideal value using three different types of

signal-to-noise ratios (Yadav, 2012).

2.11.2 Analysis of Variance (ANOVA)

The purpose of the analysis of variance (ANOVA) is to find which parameters significantly
affect the quality characteristic. ANOVA is the statistical technique used to find the influence
of all control parameters. In the analysis of variance, the percentage contributions of each
control factor are used to measure the corresponding effects on the performance
characteristics. The significance level of 5 %, i.e. for a 95 % level of confidence was
considered in this analysis. ANOVA results indicate whether there is a statistical significance
in difference or not in output characteristics. ANOVA analysis involves when a values are
below 0.05 is significant and above 0.05 is not significant. Percent contribution measures the

percentage contribution of each model term relative to the total sum of squares. The
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percentage contribution is often a rough but effective guide to the relative importance of each
model term. From the analysis of variance percentage contribution of each influential

parameter was calculated by the following formula,

2.11.3 Grey Relational Analysis Optimization Techniques

According to Navane ethakrishnan and Athijayamani, 2015, Hand-lay-up technique at room
temperature was used to fabricate composite plates of sisal fiber-reinforced vinyl ester (SFRVE)
based on Taguchi's L27 orthogonal array. In sisal fiber-reinforced vinyl ester (SFRVE)
composites, the Taguchi method was used to optimize fabrication parameters with mechanical
properties multiple performance characteristics (MPC). Fabrication parameters such as fiber
length, content, and diameters were optimized based on the grey relational grade as a
performance index obtained from grey relational analysis to achieve the maximum level of
multiple performance characteristics (MPC) in terms of tensile, flexural, and impact strength. In
comparison to the fiber length and diameter, the results show that the fiber content is the most
important fabrication parameter that has a significant impact on the mechanical properties of

sisal fiber-reinforced vinyl ester (SFRVE) composite.

2.13 Research Gap

To find the optimal machining settings the signal-to-noise ratio (S/N) of each level of the
Taguchi method’s parameters must be assessed for each output function. The level with the
highest S/N among the optimal parameter levels is considered optimum. Taguchi measures the
quality attributes that deviate from the ideal value using three different types of signal-to-noise
ratios. Mechanical properties of natural fibers with unique consideration on teff fiber and E glass
fiber based polymer composites and related study. Not as much research has been done on teff
fiber reinforced with E glass fibers as has been done on evaluating the mechanical and
morphological properties of natural fiber composites. Furthermore, most experiment design for
single response optimization was carried out; multi-response optimization was rarely carried out.
This was due to the fact that the mechanical characteristics of the natural fiber composite were

optimized using the optimal parameter combination.
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CHAPTER -3

MATERIALS AND METHODOLOGY

3.1 Introduction

Comprehending the composite properties required for industrial and construction applications is
crucial. All assessments of the mechanical and physical qualities must be included in these
features. This chapter discusses the materials and experimental techniques utilized in the thesis.
This covers materials for the matrix and fibers, procedures for sample preparation, experimental
procedures and methods, analysis of experimental data, and optimization of significant teff fiber
and E glass manufacturing. The following raw materials were used in this work to fabricate the
composite specimen: teff fiber, which was considered as reinforcement as well as filler; polymer
matrix, which is based on resin and its hardener; releasing agent; and other supporting
equipment. In order to achieve the intended experiment procedure for the manufacturing of
composite products, material selection was a crucial stage. The following advantages would
come from using the right material: Increase machine quality, productivity, and product
longevity while lowering material costs. The materials utilized in this study were selected based
on their physical characteristics (weight), cost, corrosion resistance, and availability. Ultimately,
the testing was conducted at Adama Science and Technology University's Material Science and
Engineering Department.

3.2 MATERIAL

The raw materials used in this work are E glass fiber (which is considered to be both filler and
reinforcement), teff fiber (which is considered to be reinforcement), general purpose epoxy resin
(resin based with its hardener), releasing agent, and other supporting equipment.

3.2.1 Teff fiber

The teff straw used in this study was collected from east shewa zone lume wereda (kuncho teff),

Ethiopia and was thoroughly washed with distilled water to remove unwanted impurities.
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Fig. 3.1 shows separation of the teff fiber which was collected from the rural areas and resized
for the test.

Figure 3-1 teff fiber

3.2.2 Glass fiber

Glass is a non-crystalline substance with a short range network structure, and glass fibers are
products created from incredibly fine glass fiber. Because of this, it lacks a unique microstructure
and has isotropic mechanical properties, which are mostly influenced by composition and surface
finish. They are typically employed as reinforcing agents for a variety of matrix composite; the
resulting composite materials are commonly referred to as "fiber glass,” even though they are
technically named "fiber reinforced polymer" or "glass reinforced plastic.”" Glass fibers that are
commonly used are S-glass and E-glass.

The following characteristics of E-glass have contributed to its popularity in fiber glass and other
glass fiber reinforced composites: low cost, high production rates, high strength, relatively low
density, non-flammability, good chemical resistance, relative insensitivity to moisture, ability to

maintain strength properties under a variety of circumstances and high stiffness.
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Table 3-1 illustrate the properties of E glass fiber(Mohammed et al., 2020)

Properties E glass
Density (gm/cc) 2.56
Young’s modulus (MN/m?) 55.7
Specific gravity 2.56
Tensile strength (mMN/m®) 442
Refractive index 1.55
Softening point °C 845

Table 3-2 properties of E glass fiber.

Figure 3.2 shows the chopped glass fiber which was seen on figure a and normal glass fibers as

it was commercialized from the market on figure b.

Figure 3-2 (a) Chopped glass fiber & Unchopped glass fiber.
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3.2.3 General purpose Epoxy resin

Enhancing the durability and toughness of the materials to be examined is the primary goal of the
epoxy resin. Epoxy A B Glue Resin is chosen because it forms bonds with other materials with
ease. Additionally, epoxy serves as a barrier against heat, electricity, and chemicals. 1.5% of the
total volume of resin to be utilized is the catalyst ratio. World Fiber Glass and Water Proofing

Engineering, located in Addis Ababa, Ethiopia, is the supplier.

Figure 3-3 Epoxy Resin (3L)

3.2.4 Hardener

The unsaturated Epoxy resin was cured by adding a hardener or catalyst, which started a
chemical reaction. The catalyst starts a chemical reaction that turns the liquid epoxy resin and
monomer component into a solid state. The curing agent used in this study was therefore a
hardener marketed under the name "methyl ethyl ketone peroxide hardener." World Fiber Glass

and Water Proofing Engineering in Addis Ababa, Ethiopia is the supplier.

Figure 3-4 hardener (1L)
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Table 3-2 typical properties of epoxy and hardener

Typical values
Description epoxy hardener
Appearance Clear viscous Water colors liquid
liquid
Density 1.1-1.2 0.95-1.1
Viscosity (Mpa) | 9000-12000 5-15

3.2.5 Mold release

As a chemical agent, release wax made it possible to keep the molding material from adhering to

the mold. Mold release was necessary to keep the epoxy resin from adhering to the mold during

the composite's disassembly. Nonetheless, a number of mold releases were employed, contingent

upon the type of mold and the necessary attributes of the final product. For this thesis project, the

most widely used type, honey wax 250, will be purchased from a local provider in Addis Ababa,

Ethiopia, called World Fiber Glass and Waterproofing Engineering.

Figure 3-5 mold release
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3.3 Methods

3.3.1 Teff straw preparation
Gathering the pre-prepared teff fiber during the time of seed collection

3.3.2 Teff fiber extraction

The necessary quantity of teff straw for this study was gathered from low-lying regions of
Ethiopia (the oromia region, Lume Wereda). The straw was extracted by placing the raw teff in a
manual teff cutting machine, which separated the seed from the straw and produced fiber strands.
The extracted fiber is washed with clean water to remove and separate any unwanted dust from
the fiber following the extraction process. After that, it is sun-dried to create the required fine
fibers.

Figure 3.7 shows collected teff fiber from rural areas and separation of the straws from glass like

fibers and chopping the fibers for test.

Figure 3-6 (a) preparation teff straw fiber (b) teff fiber extraction
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Figure 3.7 shows the extracted fiber which was washed with clean water to remove and separate
any unwanted dust from the fiber following the extraction process. After that, it is sun-dried to
create the required fine fibers. In order to create new types of composites, the fiber must lastly be
balanced and prepared for each sample.

Figure 3-7 treated, cleaned and dried teff fiber

3.3.3 Alkali treatment preparation

Alkalization, often known as alkaline treatment, is one of the most widely used surface
modification methods. Alkalization is influenced by temperature, treatment duration, and the
kind and concentration of the alkaline solution. The solution shown in the unit percentage (%) is
the alkali concentration (percent solution). The fibers are submerged in the alkaline solution for a
period of time. Many writers used a range of methods, from 20 minutes to 8 hours at different
temperatures and from 0.5% to 29% NaOH (Manickaraj et al., 2022). A one percent solution is
defined as 1 gram of solute per 100 milliliters final volume. NaOH percent solution was

calculated by using eq.(3.1):

mass of solute(g)

percentage by weight /volume (%) = 100 (3.2)

mass of solution(ml)
To clean the fibers' surface and strengthen their bonding ability to the matrix, teff fiber was
immersed in an alkaline solution for six hours. This solution was made from ground water
combined with 5% and 10% by weight NaOH pellets. After being submerged in distilled water

for 12 hours, the fibers were frequently and continuously washed with water to get rid of any
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remaining NaOH, and they were then let to dry for two days in the sun. The weight ratio of fiber

to solution was kept constant at 1:11.

Sodium hydroxide

With the chemical formula NaOH, sodium hydroxide—also referred to as lye or caustic soda is
an alkali salt and extremely caustic metallic base as shown figure 3.8 as was previously
indicated, pure sodium hydroxide was a yellowish solid that was sold in pellet, flakes, granule,
and 50% saturated solution forms. It has a molecular weight of 39.99971 g/mol, is 99.8% pure,
and is analytical reagent grade (Aynalem and Sirahbizu, 2021). This alkali was deliquescent and
quickly absorbed moisture as well as carbon dioxide from the atmosphere. Sodium hydroxide
was employed in many different industries, mostly as a strong chemical foundation for the
production of drinking water, textiles, pulp and paper, soaps, and detergents. In this study, teff in

the form of fibers which will be bought from nearby vendors was treated with NaOH.

Figure 3-8 (a) sodium hydroxide (b) powder form
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3.3.5 Mould Preparation

In this work, a 270 x 180 x 5 mm metal mould as shown in figure 3-9 was used to make hybrid
composite sample. Sample was prepared as per ASTM D4762 standard. The walls, top and
bottom of the mold are coated with releasing agent (polyvinyl acetate) which is then left to dry.

1
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(@ Mold pattern (b) Compression and hardness

1

I |-
T
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(c) Tensile test specimen
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(d) Flexural test specimen

Figure 3-9 3D size of the mold pattern and specimens using solid work software
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3.3.6 Design variable selection

To improve the mechanical properties of the resulting composite, these three components whose
weight percentages range from 0% to 25%, are mixed with epoxy matrix percentages of 60%,
70%, and 80%.

3.3.6.1 Selection of Orthogonal Array
In performing this experiment, 3 factors at different 3 levels were considered giving total of 9

experimental runs.

Table 3-3 Levels for various control factors

Process Units Labels Levels
parameters

1 2 3
Fiber Wt. % A [T15%/ E5%] [T15%/ [T15%/ E25%]
content E1500)
Fiber degree B 0/90 45 chopped
orientation
Fiber wiv C 0% 5% 10%
treatment

Following a thorough review of the literature,

The volume percentage between 20% to 50% was chosen. Research has shown that when the
volume fraction is increased by more than 50%, the wetting of the fiber decreases, which lowers
the strength.[38 This is why 20, 30 and 40 weight percentage of the fiber content have been
selected. Fiber treatment for this research has been selected from 0 to 10%. NAOH range. 0%
was a base, which was untreated teff fiber. The reason behind is that treatment of teff fiber with
more than 10% NAOH decrease the cellulose of the teff straw which decrease the strength of the
teff fiber. The hybrid teff fiber and E glass fiber reinforced general purpose epoxy resin

composite is prepared in weight percentages of fibers (20%, 30% and 40%) and weight
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percentages of matrix material (80%, 70%, and 60%) according to the literature (Venkatesha

Gupta et al., 2016)

Table 3-4 Taguchi L9 (OA) for teff-fiber and E glass reinforced composite

Taguchi Design Summary

Taguchi L9(3"3)
Factors: 3
Runs: 9
Columns of L9 (33) array: 123

Sample Designation

Fiber content (Wt. %)

Fiber orientation
(deg.)

Fiber treatment

So1 [T1s /Es] 15% T /5% E 0/90 0%
Soa[T15 /Es | 15% T /5% E 0/90 5%
Sos [T1s /Es ] 15% T /5% E 0/90 10%
Soa[T1s /E15 | 15% T/ 15% E 45 5%
Sos[T1s /E1s ] 15% T/ 15% E 45 10%
Sos[T15 /E1s] 15% T/ 15% E 45 0%
So7[T15 /E325] 15% T /25% E chopped 10%
Sos[T15 /E25] 15% T / 25% E chopped 0%
Soo[T15 /E2s 15% T/ 25% E chopped 5%
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The above table shows Taguchi design summary for teff fiber and E glass reinforced composite.

The hybrid teff fiber and E glass reinforced general purpose epoxy resin composite is prepared in

weight percentages of fibers (20%, 30%, and 40%) and weight percentages of matrix material

(80%, 70%, and 60%). As usual the total volume percentage in a composite should be 100%.

20% weight percentage of fiber plus 80% of matrix material gives us 100% of total
volume percentage. So, we know that our teff fiber was 15% in weight. This means
that we need 5% of E glass fiber. 15% of teff fiber + 5% E glass + 80% of matrix
material give us 100% volume percentage.

30% weight percentage of fiber plus 70% of matrix material gives us 100% of total
volume percentage. So, we know that our teff fiber was 15% in weight. This means
that we need 15% of E glass fiber. 15% of teff fiber + 15% E glass + 70% of matrix
material give us a total of 100% volume percentage.

40% weight percentage of fiber plus 60% of matrix material gives us 100% of total
volume percentage. So, we know that our teff fiber was 15% in weight. This means
that we need 25% of E glass fiber. 15% of teff fiber + 25% E glass + 60% of matrix

material become 100% volume percentage.

Since, hand lay up is used for the composite fabrication the fiber is manual oriented according to

their weight and epoxy is manually added uniformly.

3.3.6 Design of Experiment for Composite Fabrication

Based on the matrix's volume, the weight percentage of the hybrid reinforced composite with teff

fiber and E glass was calculated. Following a thorough review of the literature, the volume

percentage of 25% to 50% was chosen. Research has shown that when the volume fraction is

increased by more than 50%, the wetting of the fiber decreases, which lowers the strength (Mann
etal., 2019)
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The density of the general purpose epoxy resin is 1.2 g/cm?, density of the teff fiber (kuncho) is
1.74 g/lcm?®, and density of the E glass is 2.54 g/cm®. So the fiber weight is calculated using the
formula that follows. Using the following equation, a constant percentage weight (15 wt.%) of
teff fiber and varied percentage weights (5, 15 and 25 wt.%) of E glass were created for this
study, allowing the composite to be reinforced with three different weight percentages of fibers
(20, 30 and 40 wt.%) (Venkatesha Gupta et al., 2016)

3.3.6.1 Weight and Volume Fraction Calculation
i.  Mass fraction of the fiber and matrix (Mf, M)

total mass of the composite = mass of matrix + mass of fiber

M, = My M; (3-1)

Where,M,, -mass of matrix, My -mass of fibre

) . mass of fibre
mass fraction of the fiber =

total mass
_ _ My .
My = M +Mj (3-2)
Therefore,
Mg+Mp, =1 (3-3)

mass of matrix materials = density of matrix X over all volume of matrix in a mold

Total mass of fiber = mass of teff fiber + mass of E glass

il, The density of the composite, Pc

The density of the composite material is determined by its constituents. Constituents of the

composites are matrix, fiber, catalysts, and accelerators.

Density of th " Total mass
ensity o e composite = —————
Y p Total volume
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Mass of matrix mass of catalyst and accelerator mass of fibre

total volume total volume total volume
— Mm | Mca  Msy , My -
pC - Ve + Ve + Ve + Ve (3 4)

3.3.7 Fiber and Matrix volume content

Total volume of the composite = volume of matrix + volume of fiber (3-5)

where, v, — volume of matrix, vy — volume of fibre

. __mass of fibre )
volume of the fiber = density (3-6)
M
w=# (3-7)

mass of matrix

volume of the matrix = - -
density of matrix

V =228 (3-8)

volume of the fiber

volume fraction of the fiber =
f f f total volume

_ Yy _ Vs -
Vr = Ve VintVs (3-9)

volume of the matrix

volume fraction of the matrix =
total volume

Vin _ Vm -
Vi = Ve VmtVs (3-10)
Therefore,
Vi+ V=1 (3-11)

let prand p,, are density of fiber and matrix respectively

Then we have,
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Myfpm

T = Mot My (3-12)
_ __ Mmpr .
AndV, = Mopp iy (3-13)

The hybrid teff fiber and E glass reinforced general purpose epoxy resin composite is prepared in
weight percentages of fibers (20%, 30%, and 40%) and weight percentages of matrix material
(80%, 70%, and 60%) according to the literature (Venkatesha Gupta et al., 2016)

Density of teff fiber= 1.74 g/cm?3 (kuncho teff)
Density of epoxy resin = 1.2 g /cm?3
Density of E glass fiber = 2.54 g /cm?3
Density of hardener = 0.89 g/cm?
Volume of the composite =V, = L X W X L
V.=LxXW XL

V. = 270mm x 180mm X 4mm = 194.4cm3

Mass of matrix materials, My, = density of matrix x overall volume of the matrix in a mold

Mn=p Xv =12g/cm3x 194.4cm3=2333 g

Mass of 15% of teff fiber = - x 233.3g = 34.92¢
Mass of 5% of E glass = % X 233.3g = 11.64g

Mass of 15% of E glass = % X 233.3g = 34.92g

YV VWV VYV VY

Mass of 25% of E glass = % x 233.3g = 58.32g

Total mass of fiber = mass of teff fiber x mass of E glass

> For 20wt% of fiber = 15% of teff fiber + 5% of mass of E glass.
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= (34.4g + 11.6g = 46.59)

» For 30wt% of fiber = 15% of teff fiber + 15% of mass of E glass.
= (34.4g + 34.9g = 69.8g)

» For 40wt% of fiber = 15% of teff fiber + 25% of mass of E glass.
=(34.4g + 58.32g = 93.1g)
Then, we substitute in the equation, (M, = M,, + My)

Total mass of the composite = mass of matrix + mass of the fiber
» Mass  fraction of the matrix for  20%wt%  of  fiber,
233.3g _ 23339

23339 + 4659 _ 279.78g _ 08339
» Mass fraction of matrix for 30% wt. % of fiber, M,,,)
233.3 233.3
I g _ 0.768g
233.3g +69.8g 303.08g
» Mass fraction of matrix for 40% wt. % of fiber, M,,,)
233.3 233.3
g = 9 _ 0.71g

233.39 +93.1g 326.4g
> Mass fraction of fiber for 20% wt. %, (M),

(mf=1-m,)=1-0.833=0.167g
> Mass fraction of fiber for 30% wt. %, (M;)

(mf=1-m,,) =1-0.768g = 0.232¢g
> Mass fraction of fiber for 40% wt. %, (M)

(mf=1-my)=1-0.71=1029

(M)
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2. Volume fraction of the fiber and matrix ( (My (M)

The total volume of composite = volume of the matrix + volume of the fiber

Ve =V +V;

Where, V; — volume of composite, Vy — volume of fiber, V;,, — volume of matrix

mass of fiber

l iber =
volume of fiber density of fiber

_ my
Uf—p—f

mass of matrix

volume of matrix = - -
/ density of matrix

Mm

vf_ Pm

volume of the fiber

volume fraction of the fiber =
f f f total volume

V. = Yr__Yr
f Ve Uptvy

volume of the matrix

volume fraction of the matrix =
total volume

V. = UVm _  VUm
Ve Uity

There fore v, + vy =1

Let, ps and p,, are the density of fiber and matrix respectively.

Myrpm

Then we have, Vf:M P
mFPm fPm

Calculations

mass of teff fiber mass of glass fiber

v" Volume of the fiber =

density of teff fiber density of glass fiber
> Volume of the fiber for 5wt% of glass fiber, v,

_349g 11669 _
Vr =174 T Ta5a IO

> Volume of the fiber for 15wt% of glass fiber, v,

(3-14)

(3-15)

(3-16)

(3-17)

(3-18)

(3-19)

(3-20)
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34.9¢ 34.9¢

— — 3
U = 1744g). T 254g 0 oo M
> Volume of the fiber for 25wt% of glass fiber, v,
34.9¢ 58.32¢g
= = 42.9cm?3
Y = 17%4g/. " 2549/ o

v" Volume of the matrix, v,,

my,  2333g
pm  12g/cm3

Uy, = = 194.4cm3

» Volume fraction of the matrix for 5wt% of glass fiber,

194.4cm3 B 194.4cm?3 08
194.4¢cn3 + 47.9cm3  242.3cm3

» Volume fraction of the matrix for 15wt% of glass fiber,
194.4cm3 194.4cm?3

= = 0.85
194.4cn3 + 33.7cm3  228.1cm3
» Volume fraction of the matrix for 20wt% of glass fiber
194.4cm3 194.4cm?3
0.81

194.4cn3 + 42.9cm3 _ 237.3cm®

%+ Volume of catalyst for 60% of matrix v, = 2% of 116.64 = 2.33
%+ Volume of catalyst for 70% of matrix v., = 2% of 136 = 2.72
% Volume of catalyst for 80% of matrix v., = 2% of 155.5 =3.11

Total volume of the composite = vye09, + Vraoo, + Vea = 206cm?®

Density of the composite, ( p.)

The density of the composite material is determined by its constituent of the composite are
matrix, fiber, catalyst and accelerator.

density of th . total mass
ensity o e composite = ——
Y p total volume

mass of the matrix  mass of catalyst + accelerator mass of fiber

total volume total volume total volume
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My . Mg M
Pe = e T T T
115.5 4 2.33 4 34.99 4 11.6
206 206 206

= 0.5+0.01+0.16+0.05 = 0.72g/cm®

(3-21)

Table 3.6 shows the sample designation, reinforcement arrangement and treatment with overall

volume percentage of teff, E glass fiber and Epoxy resin.

Table 3-5 Sample designation of teff fiber glass fiber and epoxy resin

Volume percentage

Reinforcement arrangement

S.no sample and treatment
Designation :
Fiber epoxy teff(Q) E Total
orientation Fiber Resin () glass(g) | volume
treatment
(deg)

1 So1[Ty5/ Es ] 0/90 ° 0% 155.5 34.9 11.66 206
2 Soz [T1s / Es ] 0/90° 504 (80%) (15%) | (5%) | (100%)
3 Sos [ T1s / Es; 0/90° 10%
4 Sos [T15/ E1s] 45° 5% 136 34.9 34.9 206
5 Sos Tys / Eqe 45° 10% (70%) (15%) | (15%) | (100%)
6 806 [T15 / E15] 450 0%
7 So7 [T15/ Eq5] chopped 10% 116.64 349 |5832 206
3 Sos [Tus / Egs ] chopped 0% (60%) (15%) | (25%) | (100%)
9 Sog [T15/ E2s] chopped 5%
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3.8 Tools and Equipment

i.  Vickers hardness tester HVS-50: determine the composite's hardness.
Specification; the Vickers hardness test uses a square based pyramid diamond indenter with an
angle of 136" between the opposite force at the vertex, which is pressed in to the surface of the
test piece using a prescribed force, F

HV= constant x test force/ surface area of indentation

1362

0.102x2F[sin > ]

= T

ii Universal Testing Machine

Electronically range-equipped Universal Testing Machines (UTMs) MTL/015 with a 200kN are
rapid, accurate and simple to operate. These machines have a digital display system in the
relevant engineering unit that shows the load and displacement. Software running on Windows
that can store, retrieve and read data when needed supports it. The digital controller, the personal
computer software that runs the system and the remote station control panel make up the three
main components of the control system. When combined, these features offer fully automated

test control.
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iii. Charpoy impact Testing Machine

The Charpoy impact test uses specimens produced in accordance with ASTM JWT-406, with a

pendulum weight of 27.13 kg and an impact speed of 5.466 m/s. Through the application of an

indentation load normal to the specimen’s longitudinal axis, the impact strength properties of the

composites are examined. The Un notched specimen is fastened with its un notch toward the

oncoming pendulum. The pendulum breaks the specimen at the height of the pendulum swing,

which was adjusted for wind resistance and the impact testing machine automatically calculates

the specimen's breaking energy. Table 3.6 shows all the tools and machine used in this thesis

and their overall function.

Table 3-6 list of tools and equipment used for testing purpose

S.no Tools

Function/task

1 Universal testing
machine (UTM)

To determine the composite
material’s tensile strength or
capacity to endure loads that causes

it to enlarge in size.

2 Vickery hardness To determine the composite's
machine hardness.
4 Digital mass balance Weighting the mass of materials
5 Specimen cutter machine Cutting samples into specimens
6 Impact test machine Give information of energy required
to break specimens.
7 Scanning electron microscopy Observe morphology of composite

materials
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3.4 Fabrication of Composite using hand layup

Three primary constituent materials - a matrix, a reinforcing material and a filler material are
utilized during sample production to form the composite and enhance its bulk and volume.
Additionally, the mold, releasing agent, alkali treatment agent and hardener for the resin-based
matrix will be manufactured. Hand Lay-up is the earliest but most fundamental method of
manually producing composites. Each sample was created using a rectangular metal mold with
dimensions of 270 mm x 180 mm, as illustrated in Figure 3.10.

This technique was used to reinforce E glass and teff fibers in All-purpose epoxy resin matrix,
producing multi-layer hybrid composites that are continuously aligned in both directions and in
both directions. First, the raw material was dried in the sun to remove moisture. To ensure
correct spread and prevent bubble formation, a tiny amount of composed resin and E glass is first
placed over the mold's smooth surface, gel coated, and teff fiber laid. Next, adequate matrix is
applied to the mold and pushed with a roller brush. A releasing agent was applied to the
composite after it had cured to facilitate its removal from the mold. A gel coat was brushed
uniformly onto the mold in order to produce a product with a greater surface quality.

After covering the layer of teff fiber with resin and rolling it with a roller, more resin was added
and rolled until the required thickness was reached. After stacking was finished, it was
maintained under continuous load and allowed to cure under constant pressure at room
temperature. During the compression process, the extra resin was pushed out. Low viscosity
resins are ideal for hand handling. The need for large diluent/styrene ratios reduces the
mechanical characteristics of the material. It just provides an excellent side surface polish. The
material being studied has a more flexible material design and took longer to produce (Srinivas
et al., 2017). Once the developed composites get dried, the testing samples were cut according to
ASTM.
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Figure 3-11 fabrication of the composite using hand lay-up method

3.4.1 Basic Processing Steps
The hand lay-up method involves several primary processing phases.

1. The mold is cleaned and prepared for usage.

2. After clearing the mold cavity of any debris, layers of releasing agent (wax) were applied
to make the removal of the composite easier.

3. The mass and volume fractions of this composite material need to be determined.

4. After a few minutes of moderately-paced manual mixing of the epoxy and fillers

5. The operator then applies or layers the reinforcement and matrix layer to the mold.

3.4.2 Advantage of hand layup

One of the earliest methods for producing composites is the wet lay-up process, which has the
following benefits:

» Compared to other processes, this one requires a very small equipment cost, meaning that a
very little capital investment is needed.

* The cost of creating a prototype part is minimal because a basic mold may be used;
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* The technique is relatively straightforward and flexible, allowing any type of fiber material to
be chosen with any orientation of the fibers. Furthermore, less expensive raw materials like resin,

mat, and cloth are employed in this technique.

3.4.3 Disadvantage of hand layup

The following are some of the drawbacks of the wet lay-up process:

» Labor-intensive.

* The method works well for both building huge buildings and prototyping.
* The manufactured part's quality varies from one part to the next.

* There is not a clean process (Frank, 2002).

3.5 Sample Preparation for Characterization
The composite was ready for mechanical testing after the material was manufactured. Following
D4762 ASTM qguidelines, the specimen was sliced to the appropriate size and form for

mechanical testing.

3.6 Equipment’s used for Study

Equipment was used for performing tests as well as all tasks needed in these studies. These
include an analytical (digital) mass balance, a specimen cutter, a universal testing machine, a
Vickers hardness testing machine, a drilling machine, an impact test machine, and a scanning

electron microscope.

3.6.1 Analytical Mass Balance

The digital mass balance was used for weighting the amount of teff fiber, E glass fiber, Epoxy
resin and hardness used for sample preparation. As shown in figure 3.12 the balancing
equipment was used for the physical characterization of composite property. It was found in
the material science engineering laboratory at Adama Science and Technology University,

Ethiopia.
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Figure 3-12 Digital mass balance

3.6.2 Specimen Cutter Machine
Specimen cutter machine was a grinder used for cutting samples into specimens according to
to ASTM D4762 standard test.

Consumables

Figure 3-13 Cutter machine

3.6.3 Universal Testing Machine

The universal testing machines were a computer equipped machines used to measure the
mechanical properties of materials under different loading conditions. This measured the
tensile, compressive and bending strength of the materials by simply by changing the jaws
and modes of operations were reviewed (Jiru,2021). The main parts of the UTM were the

main frame, the drive system, movable crosshead, load cell, and digital indicator. The main
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frame includes the rectangular base where the gearbox was placed, the fixed crosshead and
the two vertical parallel columns. The drive system includes a stepper motor with variable
speed. The gearbox was formed by a worm shaft, and two worm gears, which moved the two
drive screws. The movable crosshead was integrated by the bottom grip, two conical fastener
tools with internal thread and an adjustable conical ring. The conical fastener tools provide
stabilization for the movable crosshead when moving along the drive screws. The load cell
was used for tension or compression testing; it was located on the upper side of the frame and
supports the upper grip. The digital indicator measures the crosshead displacement and
consists of a digital micrometer from Starrer with 0.001 mm of resolution, which was
connected with an RS232 interface to a computer to acquire data.

The UTM was connected with a computer display which allows us to print the test output
(stress-strain curve). Specimen dimensions, speed of the machine, alignment and others were
fixed before the machine startup. This UTM was found by the Ethiopian Defense University
of Engineering College Bishoftu, Ethiopia. MTL/015 Universal Testing Machine with a
2000kN was used for performing the tensile test.

Figure 3.14 shows UTM which composed of a load unit with integrally mounted servo valves,

actuator, a hydraulic power unit and a control system.

=

Movable
jaw

Fixed jaw %

On/off
switch

Figure 3-14 Universal Testing Machine

an

Samples
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3.6.4 Vickers Hardness machine
The Vickers hardness machine was used HV50. It was used for surface hardness testing. This
machine found in Adama Science and Technology University in Material Science

Engineering laboratory.

iy

CamyAfS
ey 2419

Figure 3-15 Vickers Hardness Machine

3.6.5 Impact Test machine

The material's impact strength tells us how much energy it takes to shatter a specimen of a
certain size; this energy's magnitude indicates the material's resistance to a quick impact.
(Elanchezhian et al., 2018). The Charpy V-notch test was another name for the Charpy impact
test. It was a high strain-stress standard test used to find out how much energy a material absorbs
when it fractures. This absorbed energy serves as a tool to study temperature-dependent ductile-

brittle transition and was a measure of the notch toughness of a certain material.

Due to its ease of preparation and execution, as well as the speed and affordability of the
outcomes, it was extensively used in the business. The Defense University of Engineering

College in Bishoftu, Ethiopia, is where this equipment was discovered.
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Figure 3-16 Charpy Impact Test Machine

3.6.7 Scanning Electron microscope

The morphology of the composite surface is examined using a scanning electron microscope
model, a JCM/6000PIlus Japan desktop SEM. The specimens that were going to be examined
under the SEM were put on conductive adhesive tape, given a gold sputter coating, and then
exposed to a voltage of 15 kV. This scanning electron microscope was discovered in the biology
department laboratory at Adama Science and University Technology.

Display

Sample
holders

Figure 3-18 Scanning Electron Microscope (SEM)
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3.7 Composite Characterization
The prepared specimens are mechanically characterized as part of the composite characterization
process. These characterizations were carried out utilizing the ASTM standard for every test

conducted and at room temperature.

3.7.1 Mechanical Characterization
Vickers hardness, tensile strength, flexural strength and impact tests on produced composite

specimens make up the mechanical characterization.

3.7.1.1 Tensile Strength Testing
A material's resistance to forces that would otherwise tear it apart and how far it can stretch
before breaking were measured using the tensile test. The highest tensile stress that a material
could withstand before failing was its tensile strength. The force per unit area applied to the
material was used to calculate its tensile strength. It was the highest tensile stress, or the
maximum amount of tension that a material could bear before failing. The flat form of specimen
was employed in the tensile test. A uniaxial force was applied through the sample's two ends
during the testing. The specimens were arranged vertically within the testing apparatus's grasp.
Next, the grips were uniformly tightened. The specimen elongates as the tensile test progresses,
and a load cell detects this increase in resistance. Up until the specimen ruptured, this load value
was recorded. The tensile characteristics for yield strength and elongation at break will be
calculated using instrument software that is included with the equipment. Tensile strength at
yield = Maximum recorded load / Area of cross-section examined (Tripathi and Kumar, 2016).
Tensile test was conducted in Ethiopian Defense University of Engineering College Bishoftu,
Ethiopia. Tensile strength test performed according to the 1SO 6892-1 on the computerized
USM. The specimen size tensile strength test was 250 mm x 25 mm x 5 mm based on machine
standard requirement. MTL/015 Universal Testing Machine with a capacity of up to 2000 KN
was used. The tensile Strength of the composite was investigated (Suresh et al., 2020) as follows:
6 =L (3-22)

Where, p = load applied (N); w = width (mm); t = thickness (mm)
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Figure 3-19 Specimens for tensile strength test

3.7.1.2 Flexural Strength Testing

The capacity of a material to bear bending forces applied perpendicular to its longitudinal axis
was known as its flexural strength. The greatest stress that generated when a bar-shaped test
piece, functioning as a basic beam, was subjected to a bending force perpendicular to the bar was
sometimes referred to as cross-breaking strength. Compressive and tensile strains combined to
form the flexural load caused this stress to diminish. The determination of the material's flexural
properties can be done in two ways: using the three-point loading system or the four-point
loading technique. The specimens for the flexural test are prepared according to the ASTM D790
standards (ASTM standard D790, 2002). The specimen was placed in the machine and tested by
applying load with the help of the same UTM. The sample dimension was 127mm x 13mm X
5mm. The flexural strength was given (Suresh et al., 2020) as follows.

3PL

flexural stress, 8y = YT (3-23)
flexural strain, & = GLD—Zd (3-24)
flexural modulus, By = 22 (3-25)
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Where

8¢ =Flexural strength P = Maximum load
¢ = Flexural strain L = Span length

Ef =Flexural Modulus b = Breadth and d =Thickness

P
[\ [\
T ¢ — 3T

A flexural strength test was done in Defense University, of Engineering College in Bishoftu,

Ethiopia by using computer controlled universal testing machine with WP 310 Universal

Material tester model which had a capacity of up to 50 KN.

Figure 3-20 Specimens for flexural strength test
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3.7.1.3 Vickers hardness testing

The Vickers hardness test involves measuring the amount of force required to implant a
specified indentation on the surface of the specimen. Vickers hardness testing relies on the use
of optical measurement. Micro hardness test procedure, ASTM E-384, with the dimension of
the specimen (20x20x5) mm? specifies different loads using a diamond indenter to make an
indentation which is then measured and converted to a hardness value. This Study used a
Vickers hardness testing machine (HVS-50 Buehler, USA). The indenter was a diamond
pyramid shape with a square base having an included angle of 136° +0.5. The indenter was
forced into the sample's surface at a constant load of 10 Kgf with a dwell time of 10s. The
surface-projected diagonal lengths of the resulting impression of each sample were then
measured immediately after unloading using an upright optical. Two diagonals x and y of the
indentation left on the surface of the material after removal of the load were measured and
their arithmetic means was calculated. Vickers hardness number was calculated using the
given (Biswas.... 2014).

HV = 0.1889 — (3-26)

L'2

U= (3-27)

2

Where, p is the applied load (N), L' is the diagonal of square impression in mm. x is the

horizontal length (mm) and vy is the vertical length (mm).

3.7.1.4 Impact Strength Testing

Impact strength was defined as the ability of a material to resist the fracture under stress
applied at high speed. The impact properties of composite materials were directly related to
overall toughness and composite fracture toughness was affected by inter laminar and
interfacial strength parameters were investigated (Devendra and Rangaswamy, 2012). Impact
strength test of the composite was prepared as per ASTM D256 standard with specimen’s size
of 55 x12.7 mm x 3.5 mm. A notch was prepared with a depth of 2.5 mm at 45° inclination.
Impact strength test performed in Defense University of Engineering College, Bishoftu,

Ethiopia.
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A material's ability to absorb and dissipate energies during impact or shock loading is
represented by its impact characteristics. Composite materials are often used in environments
in which they will suffer from impact damage. Impact testing can be divided into two
categories
a) Low velocity impact (ASTM D 3763), and
v Charpy and Izod impact testing
v" Drop weight impact testing
b) High velocity impact.
v’ Ballistics impact testing

Charpy and Izod impact testing

On commercially available machines, charpy and izod impact tests are carried out in which a
pendulum hammer is released from a standard height and strikes a beam specimen (either
notched or unnotched) with a specified kinetic energy. The charpy test uses a horizontal simply
supported beam specimen, whereas the Izod test uses a vertical cantilever beam specimen. The
rectangular specimen that fits into the charpy impact tester has a notch cut out of one side. The
notch enables the fracture to start at a predefined point. Several composite charpy impact tests
are conducted without the specimen's notch being cut. The charpy impact test method involves
inserting a notched or unnotched specimen into a large apparatus with a pendulum of known
mass, with the notch facing away from the point of contact. A known height is reached before
allowing the pendulum to fall. The specimen is struck and broken as the pendulum swings, rising
to a precise height. The figure displays the process as shown below. The energy required to break
the specimen is equal to the difference between the energy of the pendulum hammer at the time
of impact and the energy left in the pendulum hammer after breaking the specimen. This energy
is typically indicated by the position of a pointer on a calibrated dial attached to the testing

apparatus.
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Figure 3-21 Charpy and Izod impact testing machine

3.7.1.4 Compression Test

Compression test was conducted to determine the materials resistance to a crushing force by
applying a compressive pressure to a specimen. The specimen was pushed inward by the
compressive force, which caused it to shorten in the direction of the applied load and expand
perpendicular to the force. Following spacemen preparation of dimension (25 mm x 25 mm x 4

mm) samples, compression was tested at Adama science and Technology University.

Upper jaw. ?mage
sample holder displaye
Lower jaw,
sample holder

Sample

Figure 3-22 Specimen during compression test
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3.8 Parametric Optimization Method

Optimization is defined as an act, process or methodology of making something (such as a
design, system, or decision) as fully perfect, functional, or effective as possible. Design
optimization involves the following stages:

A. Variables

Variables describe the design alternatives. In this study, tensile, flexural, and impact strength
were determined as the dependent variable and the variables have to be optimized are fiber
content (Wt. %), fiber orientation (deg.), and fiber treatment considered as independent
variables.

B. Objective

Objective can be selected as a functional combination of variables (to be maximized or
minimized).

C. Constraints

Constraints are a combination of Variables expressed as equalities or inequalities that must be

satisfied for any acceptable design alternative (El-sabbagh et al., 2014)

3.8.1 Taguchi Gray Relational Method

Taguchi method (TM) is most easy and robust method of design of experiment. Also it is cost
effective as it identifies the minimum number of experimental trials needed by suggesting
correct combination of different design parameter needed for analysis of test results avoiding
unnecessary data collection and their analysis. To describe the relationship between input
design variables or parameters (such as fiber content, fiber orientation, and fiber treatment)
influencing a process and the output variables, the Design of Experiments (DOE) method is
used in the design of any task. So Taguchi DoE study the effect of individual process
parameter on a single or multi output responses and to identify the correct combination of

selected design factor and their levels in present study (Hancu et al., 2017)

Taguchi method (TM) can be subdivided into the following steps. First, the appropriate
process parameters, quality characteristics and orthogonal arrays are selected for design of
experiment. Next, the experimental results are analyzed by signal-to-noise ratio (S/N) and
Analysis of variance (ANOVA). Finally, depending on the analysis results, the optimum

process parameters are obtained.
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Analysis of variance (ANOVA)

A statistical analysis of variance (ANOVA) performs to reveal the level of significance of
influence of fabrication parameters on the mechanical properties of SFRWL thermosetting
resin based composite. Analysis of variance (ANOVA) was also used to determine the
participation percentage and optimum level of the considered factors on the new classes of
products. As general; to solve optimization problems, two optimization methods are there.

Those are:

I.  Conventional method is a statistical design of experiment which includes Taguchi

technique and response surface methodology.

ii. Non-conventional method includes genetic algorithm, simulated annealing and Tabu

search.

Most of the time; all these techniques are used to solve the single objective problems. But in real

time, mostly the engineering problems are multi-response in nature.

3.8.2 Grey Relational Analysis (GRA)

To solve multi-objective problems, a grey-based Taguchi technique can be used by
converting all the objectives into an equivalent single objective problem. Both Taguchi
technique and grey relational analysis (GRA) advantages are combined by the integrated
grey- based Taguchi technique. In grey relational analysis (GRA), the relationship between
the desired and actual experimental results can be expressed by grey relational co-efficient
(GRC). The grey relational grade (GRG) is used to optimize process parameters and the
optimal process parameters setting can be evaluated by the Taguchi method using GRG as a

measure of performance index.

3.8.3 Signal-to-Noise (S/N) ratio

To overcome the difficulty of investigating how the considered experimental parameters
affect mechanical properties, the statistical software (Minitab) was used to calculate the
Signal-to-Noise (S/N) ratio of each factor. In Taguchi method (TM), the experimental results
can be transformed into the form of Signal-to-Noise (S/N), which can consist of three

categories:

v’ larger — the - better,

v" lower — the - better and
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v Nominal — the - better.

Signal-to-Noise (S/N) analysis, in which the signal represents the expected value and the
noise represents the undesirable value, is used to examine the effects of specific factors at
various levels on quality characteristics. In this study, composites’ tensile, compression,
flexural, and impact strengths are regarded as types whose larger values are desirable (larger
the better type) and whose output results should be maximized. Therefore, use a model that is

larger-the-better and define it as:

S 1 1
= —logy GILio) (3-28)

Where n = is the total number of test.

X; = |s the density and tensile, flexural, and impact strength for i test.
3.8.4 Response Data Analysis
Various process parameters are identified in fabrication of teff fiber and E glass reinforced with
general purpose epoxy resin composite to achieve the maximum output response characteristics
using Taguchi L9 orthogonal array. The optimal conditions are identified and major contribution
in maximizing the output response, i.e., mechanical tests was identified through ANOVA.
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CHAPTER -4
RESULTS AND DISCUSSION

4.1 Introduction

The outcomes and comments of the Taguchi method's parametric optimization of teff fiber and E
glass polymer composites are presented in this chapter. After performing the tensile, flexural,
impact and hardness tests, the fiber fabrication parameters were connected using Taguchi
methods with the responses of mechanical characteristics (tensile, compression, flexural, impact
and hardness of the composite). Using Minitab 20 statistical software, a number of experimental
data based on the L9 orthogonal array were acquired and examined. To determine the impact of
parameters on the quality of the fabricated composite, Taguchi orthogonal arrays, as well as

signal-to-noise (S/N) ratio, analysis of variance (ANOVA) and regression analysis were used.

4.2 Analysis of Mechanical properties

The ability of composite sheets to tolerate mechanical stress in consumer use makes studies into
their mechanical properties crucial. Products with robust mechanics are profitable and long-
lasting in the marketplace. The mechanical characteristics of the composite sheets made for this
experiment were examined while keeping these things in mind. Hardness, Tensile strength,
flexural strength, compression strength and impact strength were among the mechanical

attributes that were investigated.

4.2.1 Determination of Tensile Strength
Nine samples were made by adjusting the teff fiber orientation, the amount of NaOH treatment,
the weight percentage of the fiber and the matrix in order to assess the tensile strength. A tensile

test measures two parameters directly: maximal elongation and ultimate tensile strength.
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1. Tensile test result

Table 4-1 tensile test result

Test | Fiber content | o, Tensile Elongation at | Signal to noise
Run | (Wt. %) treatment | Strength (MPa) | break (%) ratio

1 Soa[Tis/Es] | 0% 14.96 1.87 23.4986
2 So2[Tis/ Es] | 5% 6.64 1.27 16.4434
3 So3 [T15/ Es) 10% 14.24 2.7 23.0702
4 Sos [Tis/ Eis] | 5% 27.92 2.49 28.9183
5 Sos Ty / Eis 10% 22.80 4.78 27.1587
6 Sos [Tis/ Eis] | 0% 22.16 2.29 26.9114
7 Sor [Tis/ Exs] | 10% 18.64 0.99 25.4089
8 Sog [T15/ Ezs] | 0% 32.64 3.21 30.2750
9 Soo [Tis/ Ezs] | 5% 33.04 2.9 30.3808

From the above Table; it was observed that the composite of sample 8 and sample 9 had

highest tensile strength than the other composites. Figure 4.1 shows a sample Sgg has tensile

strength of 33.04Mpa and sample Sgg has tensile strength of 32.64Mpa. In addition to teff

fiber orientation; fiber content was the other parameters that affect the tensile strength of the

composite. For this study composite was fabricated with (15% teff fiber, 5% E glass, 80%
epoxy resin), (15% teff fiber, 15% E glass, 70% epoxy resin) and (15% teff fiber, 25% E
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glass, 60% epoxy resin) varied combination at level 1, 2 and 3 respectively. It can be learnt
that as the ratio of fiber increases, the interaction between the fibers inside the composite
increases resulting in higher fiber contact that leads to poor interfacial bonding between the
fiber and matrix. The additional parameter that determines tensile strength was alkali
treatment level and elongation value which is related to the ductile property of the material.
The material that has higher elongation is more ductile, whereas; the material that has lower

elongation is less ductile.

Sample 9 has highest tensile strength whereas sample two has the least. Sample nine has
high fiber content even if it was treated with 5% NAOH. This shows that the Increment of
the fiber content increase tensile strength. Sample 8 have the 2nd tensile strength values next
to sample 9 with 0% fiber treatment. Sample two was the sample with lowest tensile
strength. It was the sample with least fiber content even if it was treated with 5% NAOH.

So, the decrement of fiber content decreases the tensile strength and vice versa.

Figure 4.1 shows the tensile strength value of the whole samples. Sample two was the
sample with smallest tensile strength whereas sample nine has the highest tensile strength.

35 -
30 -
25
20
15
10

Test runs

Tensile streangth (MPa)

Figure 4-1 bar for tensile strength by test run of different samples
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1 Analysis of main effect plot for signal to noise ratio (S/N) of tensile test

Taguchi and Phadke classify the factors into two types control factors and noise factors.
Control factors are those factors that set by the designer, while the factors that hardly be
controlled or could not be controlled is called noise factor such as humidity and
environment’s temperature. Hence, in the Taguchi method, signal-to-noise ratio (S/N ratio)
is used for making the process more insensitive to change in noise factors, which is mean to
achieve a robustness system. There are three types of S/N ratio based on the suitability of the
result named smaller is better, nominal is better, larger is better. In a tensile test, the tensile
strength must have a large value; therefore the “bigger is the better” equation of S/N ratio is

utilized in equation (3.18).
2 Analysis of Response table for signal to noise ratio (S/N) of tensile test

The effect of each parameter and their levels were shown in Table 4.2 which is called average
performance or main effect as well. The response table for tensile test indicates the fiber
orientation type has highest contribution in increasing tensile strength of the composite with
delta number 7.68, while the fiber treatment was the second factor that had significance in
increasing the tensile strength with delta number 2.16 and fiber treatment were the third
contributing factor with delta number 1.68 as shown in the table below.
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Table 4-2 Response Table for Signal to Noise Ratios

Larger is better

fiber fiber fiber
Level orientation content treatment
1 21.00 25.94 26.90
2 27.66 24.63 25.25
3 28.69 26.79 25.21
Delta 7.68 2.16 1.68
Rank 1 2 3

Main Effects Plot for SN ratios

Data Means
fiber orientation fiber content fiber treatment
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Signal-to-noise: Larger is better

Figure 4-2 main effect plots of signal to noise ratio of tensile test



4.2.2 Analysis of Compression strength

For studying the compression strength of teff fiber and E glass reinforced composite, 9

specimens of composites were prepared with the dimensions of 20 x 20 x 4 mm and tested

representing the 9 samples. The result depicted in Table 4.3 from the compression test gives

the maximum compression strength and elongation of the specimen at break.

Table 4-3 Compression test result

Maximum

Test | Fiber content | g Compression | £1ngation Signal to noise
Run | (Wt. %) treatment | Strength (MPa) | (%) ratio
1 S [Tis/Es] | 0% 17.25 2.37 24.7358
2 Se2 [Tys/ Es] | 5% 74.43 7.58 37.4350
3 So3[T15/ Esp | 10% 32.70 5.40 30.2910
4 Sos [T1s/ Exs] | 5% 16.00 2.05 24.0824
5 SosTys / Eys | 10% 69.75 6.45 36.8709
6 Sos [T1s/ Exis] | 0% 49.82 4.80 33.9481
7 Sor [Ths / Ezs] | 10% 9.25 3.43 19.3228
8 Sos [T1s/ Ezs1 | 0% 59.13 6.35 35.4362
9 Soo [Tis/ Ezs] | 5% 28.29 5.42 29.0327
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Figure 4-3 Simple bars for compression strength by test run of different samples

The compressive strength of nine specimen tested in this study was depicted in Figure 4.3
Crushing Load which tries to compress the specimen and undergo deformation was applied in
the axial direction to the spacemen. The compression test helps to determine the materials
property under the applied force to investigate the ductile fracture limit of a material. As it is
illustrated in Table 4.3 or Figure 4.3 composite sample numbers 2, 5 and 8 have higher
compressive strength of 74.43, 69.75 and 59.13 MPa respectively. The composite with 20%/80%
reinforcement to matrix ratio illustrated compressive strength of 17.25, 74.43 and 32.7 MPa. This
gives the average compressive strength of 41.46MPa for 15%/5% Teff fiber to E glass. On the
other hand, composite with 30%/70% reinforcement to matrix have compressive strength of
16.00, 69.75 and 49.82Mpa. This gives the average compressive strength of 45.19 MPa for
15%/15% teff fiber to E glass. Again, composite with 40%/60% reinforcement to matrix have
compressive strength of 9.25, 59.13 and 28.29 MPa. This gives the average compressive strength
of 32.2MPa for 15%/25% teff fiber to E glass fiber. Further increasing the E glass weight
percentage increase the tensile strength result. It can be investigated that as the ratio of E glass
increases, the interaction between the fibers inside the composite increases resulting in higher

fiber contact that leads to poor interfacial bonding between the fiber and matrix.
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% Analysis of main effect plot for compression test

Maximum compression strength of 74.43 MPa was obtained with run 2, while minimum

compression strength was 9.25 MPa obtained from the seventh run. Also, high strength was

achieved in the 5™ and 8™ runs. Compression strength is greatly affected by fiber orientation.

The optimum parameters were indicated by selecting the maximum S/N ratio for each factor

which is selected to maximize compression strength

% Response for signal to noise ratio of compression test

Response table for signal to noise ratio of compression test with larger is better indicates that

Fiber content was the first parameter that affect the compression strength of the composite

with delta number 13.87 as shown in table 4.5 below. Moreover; Fiber orientation and alkali

treatment level constituent the second and third rank with delta number 3.70 and 2.55

respectively.

Table 4-4 Compression strength result and computed S/N ratio for tensile test

Sample No 1 2 3 4 5 6 7 8 9
Compression | 17.25 | 74.43 | 32.7 16.00 |69.75 |49.82|9.25 |59.1328.29
strength

S/N Ratio 24.73 | 37.43 |30.29 |24.08 |36.87 |33.94]|19.32|35.43|29.03
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Table 4-5 Response Table for Signal to Noise Ratios

Larger is better

fiber fiber fiber
Level orientation content treatment
1 30.82 22.71 31.37
2 31.63 36.58 30.18
3 27.93 31.09 28.83
Delta 3.70 13.87 2.55
Rank 2 1 3

Main Effects Plot for SN ratios
Data Means

fiber orientation fiber content fiber treatment
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Figure 4-4 main effect plot for SN ratios



4.2.3 Determination of Flexural test

Flexural test of the composite samples was carried out using a three point bending test on
universal testing machine of model WDW — 100S. Total 9 samples for the flexural test of
composites were prepared with the dimensions of 127 x 13x 5 mm as per ASTM standard.

Table 4-6 Flexural test result

Test | Fiber content Fiber flexural Signal to noise
Run | (Wt. %) treatment | Strength (MPa) | Fatio

1 SulTis/Es] | 0% 41.03 32.2620
2 Sw2[Tis/Es] | 5% 46.89 33.4216
3 Swa[Tis/Es; | 10% 58.82 35.3905
4 Sos [Tis/ Eis] | 5% 64.48 36.1885
5 Sos Ty / Es 10% 54.75 34.7677
6 Sos [Tis/ Exs] | 0% 59.70 35.5195
7 Sor [Ths / Ezs] | 10% 46.89 33.4216
8 Ses [Tis/ E25] | 0% 52.75 34.4444
9 Soo [T15/ Ez5] | 5% 58.62 35.3609
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Table 4-7 Response Table for Signal to Noise Ratios

Larger is better

355

L
\n
=]

345

Mean of SN ratios

340

335

fiber fiber fiber
Level orientation content treatment
1 33.69 33.96 34.08
2 35.49 34.21 34.99
3 34.41 35.42 34.53
Delta 1.80 1.47 0.92
Rank 1 2 3

Main Effects Plot for SN ratios
Data Means
fiber orientation fiber content fiber treatment

0/30 45 chopped 5 15 25 5

Signal-to-noise: Larger is better

Figure 4-6 main effect plot for SN ratios
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Table 4-8 flexural strength results and computed S/N ratio
Sample No 1 2 3 4 5 6 7 8 9

41.03 | 46.89 | 58.82 |64.48 | 54.75 | 59.7 |46.89 |52.75 | 56.62

flexural
strength
. 36.18
S/N Ratio 32.26 | 33.42 | 35.39 2 34.76 | 35.51 |33.42 |34.44 |35.36

As shown from Table 4-7, response table for signal to noise ratio of flexural test with larger
is better indicates that fiber orientation was the first parameter that affect the flexural
strength of the composite with delta number 1.8. Moreover; fiber Content and fiber

treatment were the second and third with delta number 1.47 and 0.92 respectively.

4.2.4 Determination of Impact test

Charpy-impact test was carried out by using ASTM D -256 test machine with pendulum weight
27.13kg. The specimens of composites were prepared with the dimensions of 55 x 12.7 x 3.5
mm. The impact speed was 5.466m/s. The nine samples of the Hand lay-up fabricated
composites were tested for each type of composite reinforced with teff fiber of 15% weight
fractions and E glass of different weight fractions (5%, 15% and 25%).
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Table 4-9 illustrates the impact energy and impact strengths of composites at various fiber

contents and Fiber treatment.

Impact test result

Impact
Test | Fiber content | v Impact strength Signal to
Run | (Wt. %) treatment| energy (J) | (KJ/m?) noise ratio
1 St [Tis/Es] | 0% 15 111 40.9065
2 Se2[T1s/ Es] | 5% 13 116 41.2892
3 Ss[Tis/Es; | 10% 14 114 41.1381
4 Sws [Tis/ Eis] | 5% 10 123 417981
5 Sos Ty / Es 10% 9 127 42.0761
6 Sos [T1s/ Eis1 | 0% 95 125 41.9382
7 Sor [Ths / Ezs] | 10% 16 108 40.6685
8 Sos [T15/ Ezs] | 0% 17 106 40.5061
9 Soo [Tis/ Ezs] | 5% 18 104 40.3407
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Figure 4-7 Simple bars for impact strength by test run of different samples

Impact strength of teff fiber and E glass, and general purpose epoxy resin composites are
shown in Table 4.9 and graph is plotted with corresponding data which is shown in Fig. 4.7.
Impact strength have enhanced by the reinforcement of teff fiber and E glass into epoxy

matrix. It was observed that impact strength of Sgs was found to maximum.

The composite with 20%/80% reinforcement to matrix ratio illustrated Impact strength of
111, 116 and 114 KJ/m? This gives the average Impact strength of 113.66 KJ/m? for
15%/5% teff fiber to E glass. On the other hand, composite with 30%/70% reinforcement to
matrix have Impact strength of 123,127 and 125 KJ/m?a. This gives the average Impact
strength of 125 KJ/m? for 15%/15% teff fiber to E glass. Again, composite with 40%/60% of
reinforcement to matrix have compressive strength of 108, 106 and 104 KJ/m?. This gives
the average Impact strength of 106 MPa for 15%/25% teff fiber to E glass. Therefore,
20%/80% fiber to matrix reinforced composite Impact strength was 2.31% greater than
30%/70% and 6.566% greater than 40%/60% fiber to matrix reinforced composite. With the
increase in fiber loading from 5 to 25 wt. %, the Charpy impact strength decreased or
decreased from 113.66 KJ/m? to 106 KJ/m?. The decrease in impact strength was due to

poor interfacial bonding between the polymer matrix and the reinforcement, which induces
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micro spaces between the fiber and the matrix polymer and that causes numerous micro
cracks when impact occurs, which induce crack propagation easily and decreases the impact

strength of the composites.

ii. Response table for signal to noise ratio of impact test

As it was shown in able 4-10 below from the response table of impact test, the main
parameter that affects the impact strength of the composite was fiber orientation with delta
number 1.43. The second parameter that affects the impact strength was fiber treatment with

delta number 0.18. The 3™ was fiber content with delta number 0.17.
Table 4-10 Response Table for Signal to Noise Ratios

Larger is better

fiber fiber fiber
Level orientation content treatment
1 41.11 41.12 41.12
2 41.94 41.29 41.14
3 40.51 41.14 41.29
Delta 1.43 0.17 0.18
Rank 1 3 2
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Table 4-11 displays the signal to noise ratio of the impact test. Based on this, a response

Table and graph were generated as shown on Figure 4.7.

Table 4-11 Impact strength result and computed S/N ratio for Impact test

Sample |1 2 3 4 5 6 7 8 9
No

111 116 114 123 127 125 108 | 106 | 104
Impact
strength
S/N Ratio | 41.93 | 40.66 | 40.50 |40.34 |42.07 |41.93 |40.66|40.50| 40.34
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4.2.5 Analysis of hardness test

Table 4.10 shows the hardness result and signal to noise ratio of the nine samples with respect to

their fiber treatment and fiber content.

Table 4-12 hardness test result

Fiber content

Signal to noise

Test Fiber

Run (Wt %) treatment  hardness (MPa) ratio

1 SulTis/Es] 0% 36.1 31.1501
2 Sw2[Tis/Es] 5% 43.2 32.7097
3 Ses[Tis/Esp  10% 41.9 32.4443
4 Sw [Tis/ Eis] 5% 38.2 31.6413
5 Sos Ty5 / Eis 10% 39.3 31.8879
6 Ses [Tys/ Eis] 0% 37.3 31.4342
7 Sor [Ths / Exs]  10% 43.0 32.6694
8 Sos [T15/ Ezs] 0% 44.9 33.0449
9 Soo [T15/ Ezs] 5% 40.1 32.0629
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Figure 4-9 Simple bars for flexural strength by test run of different samples

Table 4-13 Response Table for Signal to Noise Ratios
Larger is better

fiber

fiber
treatment

content

fiber

orientation

Level

31.88

31.82

32.10

32.14

32.55

31.65

32.33

31.98

32.59

0.46

0.73

0.94

Delta

Rank
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Main Effects Plot for SN ratios

Data Means
fiber orientation fiber content fiber treatment

326

324
w
o
e}
m
e
= 322
(¥4 ]
(.
o
=
@ 320
=

318

316

0,90 45 chopped 5 15 25 i} 5 10

Signal-to-noise: Larger is better

Figure 4-10 main effect plot for SN ratios

4.3 Grey relational analysis (GRA) of mechanical tests

The initial stage of grey relational analysis (GRA) is generating the grey relational coefficient
(GRC) and grey relational grade (GRG). In order to predict the optimal parameter for
achieving the best mechanical property value, we should have to follow the following steps.

I. Collecting signal to noise values from various tests.

ii. Normalizing all responses from S/N ratio values

iii. Deviating the sequence of all responses from normalized S/N
ratio values

\2 Calculating the grey relational coefficient from deviated
sequence values.

V. Calculating the grey relational grade from grey relational coefficient

values
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X Collecting S/N ratio values from various tests.

The use of collecting S/N ratio values from various tests (tensile, compressive, flexural and
impact) was to predict the best combination of parameters for optimal mechanical properties of
the composite.

Table 4-14 Response of mechanical tests

Test Tensile Compressive | Flexural Impact Hardness
Run Test Test Test Test test
1 14.96 17.25 41.03 111 36.1
2 6.64 74.43 46.89 116 43.2
3 14.24 32.70 58.82 114 41.9
4 27.92 16.00 64.48 123 38.2
5 22.80 69.75 94.75 127 39.3
6 22.16 49.82 59.70 125 37.3
7 18.64 9.25 46.89 108 43.0
8 32.64 59.13 52.75 106 44.9
9 33.04 28.29 58.62 104 40.1
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Table 4-15 S/N ratio values of all responses

Test ) Compressive

Run Tensile Test Test Flexural Test Impact Test
1 23.4986 24.7358 32.2620 40.9065
2 16.4434 37.4350 33.4216 41.2892
3 23.0702 30.2910 35.3905 41.1381
4 28.9183 24.0824 36.1885 41.7981
5 27.1587 36.8709 34.7677 42.0761
6 26.9114 33.9481 35.5195 41.9382
7 25.4089 19.3228 33.4216 40.6685
8 30.2750 35.4362 34.4444 40.5061
9 30.3808 29.0327 35.3609 40.3407

4.3.1 Normalizing all responses from S/N ratio values

To perform Grey relational analysis, the initial step involves normalizing the results of

experiments between 0 and 1. This is necessary due to differences in measurement units. The

normalized values obtained from S/N ratio data processing for all mechanical tests

corresponding to larger-the-better criterion can be expressed as equation (4.1) below depicted

in table 2.24.
_ xi(k)-minyjq) )
Xk = ey G—miny (4-1)
where
v i=1,2,3...m, mis the number of experimental runs in Taguchi orthogonal array, in

the present work L9 orthogonal array is selected then m = 9.
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v

v

k =1, 2... n, nis the number of quality characteristics or process responses in the

present work mechanical tests are selected, then n = 1.

min y;(k) is the smallest value of y; (k) for the k ™ response.

max y;(kjs the largest value of y; (k) for the k ™ response.

Xi(k) is the value after Grey relational generation.

The normalized values of mechanical tests were calculated by Equation (4.1).

Table 4-16 Normalization of all responses from S/N ratio values

Compressive Hardness
Test Run| Tensile Test | Test Flexural Test | Impact Test | test

1 0.506206323 0.298859332 0| 0.326034344|0

2 0 1| 0.295326627 0.546559871| 0.823094786
3 0.475468882 0.605569726 | 0.796765567 | 0.459490607 | 0.683027232
4 0.895066512 0.262784201 1| 0.839806385 | 0.259235803
5 0.768816279 0.968855247 | 0.638151025 1| 0.389381465
6 0.751072653 0.807483354 | 0.829619254 0.920537052| 0.149936669
7 0.643269189 0| 0.295326627 | 0.188890169| 0.80182605
8 0.992408914 0.889643445 | 0.555813065 0.095309439| 1

9 1 0.536097216 | 0.789227047 0| 0.481739498
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4.3.2 Deviating the sequence of all responses from normalized S/N ratio values

The grey relational coefficient is then calculated for all parameters based on the data set

using the deviation sequence values, which indicates how closely the actual response

matches the expected response.

Table 4-17 Deviation sequence of all responses from normalized S/N ratio

Test Run | Tensile Test Compressive Test | Flexural Test | Impact Test Hardness test
1 0.493793677 0.701140668 1| 0.673965656| 0.176905214
2 1 0| 0.704673373 | 0.453440129| 0.316972768
3 0.524531118 0.394430274 | 0.203234433 | 0.540509393 | 0.740764197
4 0.104933488 0.737215799 0| 0.160193615 | 0.610618535
5 0.231183721 0.031144753 | 0.361848975 0| 0.850063331
6 0.248927347 0.192516646 | 0.170380746 | 0.079462948| 0.19817395
7 0.356730811 1| 0.704673373 | 0.811109831|0
8 0.007591086 0.110356555 | 0.444186935 | 0.904690561| 0.518260502
9 0 0.463902784 | 0.210772953 111
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4.3.3 Calculating the grey relational coefficient from deviated sequence values.

To represent the correlation between the desired and actual experimental data, the next step
involves calculating the Grey relational coefficient using the normalized experimental data.
Next, the grey relational coefficient for each performance characteristic of samples was

averaged to determine the overall grey relational grade.

You can use the equations below to calculate the Grey relation coefficient based on the
experimental data that has been normalized:

_ AminttAmax )
&i(k) = AO; (K)+TAmax (4-2)

v Amin and Amax are respectively the minimum and maximum values of the absolute
differences 0i of all comparing sequences.

v’ is a distinguishing coefficient, 0,1 , the purpose of which is to weaken the effect of Amax
when it gets too big and thus enlarges the difference significance of the relational
Coefficient.

In the present case, 0.5 is used due to the moderate distinguishing effects and good stability of

outcomes

4.3.4 Calculating the grey relational grade from grey relational coefficient values

To determine the optimal combination of process parameters, we calculate the Grey relational
grade by averaging the Grey relational coefficient for each performance characteristic. We
use the Taguchi method to evaluate the combination that results in the highest grade After
averaging the Grey relational coefficients, the Grey relational grade i y can be calculated as
follows:

1

Vi=2¥p 6 (k) (4-3)

where
v Yi=1,2,3,..9, (L9 orthogonal array is selected)

v &i(k) is the Grey relational coefficient of k™ response in i experiment and n is the

number of responses.
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Table 4-18 GRC and GRG of all responses from deviation sequence values

Grey relational coefficient

Grey relational

grade
Test | Tensile Compressive | Flexural | Impact Hardness | Average Rank
Run Test Test Test Test
1 0.503122541 | 0.416270978 | 0.333333 | 0.4259068 | 0.7386558 | 0.4834579 9
333 37 55 09
2 0.333333333 1(0.415050 | 0.5244167 | 0.6120155 | 0.5769631 6
263 77 04 75
3 0.488028125 | 0.559015068 | 0.711000 | 0.4805338 | 0.4029774 | 0.5283109 8
453 65 56 93
4 0.826537148 | 0.404133216 1| 0.7573535 | 0.4501995 | 0.6876447 3
83 82 06
5 0.683822664 | 0.941362965 | 0.580148 1] 0.3703529 | 0.7151373 2
047 96 35
6 0.667621502 | 0.722004305 | 0.745844 | 0.8628679 | 0.7161539 | 0.7428984 1
81 4 04 92
7 0.583613889 | 0.333333333 | 0.415050 | 0.3813563 1| 0.5426707 7
263 05 58
8 0.985044879 | 0.819193299 | 0.529556 | 0.3559502 | 0.4910334 | 0.6361556 4
152 81 82 19
9 11 0.518724511 | 0.703952 | 0.3333333 | 0.3333333 | 0.5770139 5

94




Finally, the Minitab 20 software was used to analyze the effect of the grey relational grade
(GRG) value on the mechanical property. This helped predict the optimal parameter for
achieving the best mechanical property value. The optimal level of the process parameter is
achieved when the highest grey relational grade is reached. Then we used statistical analysis
of variance (ANOVA) to determine the significance of the process parameters. By applying
GRG analysis and ANOVA, we can predict the best combination of the process parameters.
Finally, we conduct a confirmation experiment to verify the best process parameters obtained

from the analysis.

4.4 Analysis of grey relational grade (GRG) of Mechanical tests
Based on the signal-to-noise ratio of various factors such as tensile, compressive, flexural
and impact strength of the composite, it was predicted that the best combination level would
be at sample Sos [Ty5/ E15] with parametric combination of 30%/70% reinforcement to
matrix ratio, a teff fiber orientation of 0/0, a 0% NaOH treatment level, and a 15/15 weight

percentage of teff fiber and E glass.

4.5 Confirmation experiment
Once the optimal process parameters and levels were determined, the next step involved
verifying the predicted results against experimental results. If the optimal process parameter
combination matched any of the experimental trials in the orthogonal array, a confirmation
test would not be necessary. In this study, the optimal process parameter combination for the
composite's tensile, compressive flexural and impact strength coincided with sample number

SiX.
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4.6 Scanning Electron Microscope Test

JCM-6000 plus microscope with an accelerating voltage of 15 kV was employed to
investigate the fracture surfaces of specimens. The scanning electron microscope (SEM)
images were observed at various magnifications. To make the specimens conductive, they

were mounted onto aluminum stubs and sputter-coated with platinum before observation.

Figures 4-11 display SEM images of sample 1, 3 and 6 respectively. These images provide a
visual representation of the composite surfaces at the point of breakage, showing evidence of
fiber fracture, pull-out and voids in the matrix resulting from fiber pull-out. The weak
bonding between the natural fibers and the general purpose Epoxy resin Matrix was the main

drawback of natural fiber-reinforced composites, leading to fiber pull-out.
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Figure 4-11 SEM micrograph of tensile fractured surface of composite
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4.7 Analysis of X-ray diffraction (XRD) result

XRD determines degree of crystalinity for semi crystalline, amorphous polymeric and composite
materials. Performing this analysis on some samples as shown in Fig. 4.12 confirmed that
fabricated composite provided good crystalinity with the peaks detected from XRD data source
was similar trend. For sample 6 more peaks and good mechanical property was confirmed from
the graph. From Fig.4.11 SEM image proved highly crystalline composite fabricated. However,
it depends on how the composite was formulated and processed which improved mechanical
properties such as compression, tensile strength, buckling and creep. Consequently, the degree of

crystalinity was an important property to accurately determine from the results.

Sample 6
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Figure 4-12 XRD result of sample 6
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Figure 4-13 XRD result of sample 3
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.CHAPTER -5

CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION
Through our experimental investigation on the impact of fiber content, fiber orientation and

fiber treatment in teff fiber and E glass reinforced epoxy resin composites; we have come to

the following conclusion.

1.

The successful fabrication of teff fiber and E glass general purpose epoxy reinforced
composite with different percentage of fiber loading can be achieved by hand layup
technique.

Reinforcement to matrix ratio of 30 to 70 wt. % for the composite exhibits more
compression, flexural and impact strength (compression strength = 69.75Mpa;
flexural strength = 64.48Mpa; impact strength = 125kj/m®) than other hybrid
composites.

From the morphological observations the interfacial characteristics, internal
structures of the fractured surfaces, fiber pull out and fiber failure mode are clearly
observed.

The study found that the teff fiber and E glass reinforced composite remains
thermally stable up to 330°C as there is little mass loss in the samples.

From the Grey relation Grade (GRG) analysis, it was predicted that the optimal
process parameters for the best mechanical property was found with 0/0 teff fiber

orientation, 5% NaOH treated, [S;5/L,5] weight percentage at sample number Sgs.

SEM images provided that a visual representation of the composite surfaces at the
point of breakage, showing evidence of fiber fracture, pull-out and voids in the
matrix resulting from fiber pull-out. The weak bonding between the natural fibers
and the general purpose Epoxy resin Matrix was the main drawback of natural fiber-

reinforced composites, leading to fiber pull-out.

From XRD result confirmed good crystalinity composite fabricated which improved

mechanical properties such as compression, tensile strength, buckling and creep.
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5.2 RECOMMENDATION

This thesis suggests that research done on how to use teff fiber by manufacturing companies,
constructions industries and the government. Agriculturally dependent nations like Ethiopia
should pay attention to the trend of replacing heavy metals with low density, biodegradable,
renewable, environmentally friendly and natural based composites. This study on teff fiber and E
glass with epoxy resin composite materials subjected to tensile, compression, flexural and impact
loading has been given enough attention to get better result. Natural fibers strength depends on
many factors such as manufacturing processes, treatments, sequence of layers, and orientation of
fibers and length of fibers. A better strength can be obtained if a better manufacturing process

was adopted.

101



REFERENCES

Astrom, B. T. (n.d.). SANMESPLCEO-APLPLCEO-.

El-sabbagh, A., Steuernagel, L., Ziegmann, G., Meiners, D., & Toepfer, O. (2014). Composites :
Part B Processing parameters and characterisation of flax fibre reinforced engineering
plastic composites with flame retardant fillers . COMPOSITES PART B, 62, 12-18.
https://doi.org/10.1016/j.compositesb.2014.02.009

Elkhouly, H. I., Abdel-magied, R. K., & Aly, M. F. (2019). An investigation of date palm seed as
effective filler material of glass — epoxy composites using optimization techniques.
https://doi.org/10.1177/0967391119888313

Hancu, L., Marc, G., Popescu, A., Bere, P., & Rodean, S. (2017). Proposal for a composite
structure and graphic design for a parking barrier. MATEC Web of Conferences, 137, 0-5.
https://doi.org/10.1051/matecconf/201713708004

Kanitkar, Y. M., Kulkarni, A. P., & Wangikar, K. S. (2017). Characterization of Glass Hybrid
composite: A Review. Materials Today: Proceedings, 4(9), 9627-9630.
https://doi.org/10.1016/j.matpr.2017.06.237

Kannan, C. (2019). Fabrication and Experimentation of Hybrid. April.

Karim, A. A., Kader, E. E., Hamod, A. A., & Abdulrahman, A. J. (2018). Mechanical properties
of a hybrid composite material (epoxy-polysulfide rubber) reinforced with fibres. IOP
Conference Series: Materials Science and Engineering, 433(1).
https://doi.org/10.1088/1757-899X/433/1/012050

Kelly, A. (2001). Composite materials. Journal of Ceramic Processing Research, 2(4), 147-154.
https://doi.org/10.9773/s0sei.48.213

Khan, F. M., Shah, A. H., Wang, S., Mehmood, S., Wang, J., Liu, W., & Xu, X. (2022). A
Comprehensive Review on Epoxy Biocomposites Based on Natural Fibers and Bio-fillers:
Challenges, Recent Developments and Applications. Advanced Fiber Materials, 4(4), 683—
704. https://doi.org/10.1007/s42765-022-00143-w

Khayal, O. M. E. S. (2019). Manufacturing and Processing of Composite Materials. July, 1-32.
https://doi.org/10.13140/RG.2.2.30822.57928

Kim, S., Shim, C. S., Sturtevant, C., Kim, D. D., & Song, H. C. (2014). Mechanical properties
and production quality of hand-layup and vacuum infusion processed hybrid composite

materials for GFRP marine structures. 723—736.

102



Manickaraj, K., Ramamoorthi, R., Sathish, S., & Makeshkumar, M. (2022). Effect of
hybridization of novel African teff and snake grass fi bers reinforced epoxy composites with
bio castor seed shell fi ller : Experimental investigation. 30, 1-11.
https://doi.org/10.1177/09673911221102288

Mann, G. S., Singh, L. P., & Kumar, P. (2019). Effect of volume fraction and heating
temperature on hybrid natural fibre composites developed through the die moulding
process. International Journal of Engineering and Advanced Technology, 9(1), 2988-2994.
https://doi.org/10.35940/ijeat.A1359.109119

Mathur, M. (2021). Natural fiber composites. In Man-Made Textiles in India (Vol. 49, Issue 2).
https://doi.org/10.1201/9781351050944-1

Mohammed, A., Abbas, A., Ali, A, Al, S., & Sharma, N. (2020). MECHANICAL TESTING OF
E-GLASS FIBER WITH EPOXY RESIN REINFORCED MECHANICAL TESTING OF E-
GLASS FIBER WITH EPOXY RESIN REINFORCED MATRIX. October.

Naidu, V. N. P. (2020). Fabrication and Investigation of Mechanical properties of Natural and
Synthetic fibre reinforced Polymer Hybrid Composites. 9(5), 103-108.

Reddy Palle, R., Schuster, J., Pasha Shaik, Y., & Kazmi, M. (2022). Fabrication and
Characterization of Glass Fiber with SiC Reinforced Polymer Composites. Open Journal of
Composite Materials, 12(01), 16-29. https://doi.org/10.4236/0jcm.2022.121002

Sathishkumar, G. K., Ibrahim, M., Mohamed Akheel, M., Rajkumar, G., Gopinath, B.,
Karpagam, R., Karthik, P., Martin Charles, M., Gautham, G., & Gowri Shankar, G. (2022).
Synthesis and Mechanical Properties of Natural Fiber Reinforced
Epoxy/Polyester/Polypropylene Composites: A Review. Journal of Natural Fibers, 19(10),
3718-3741. https://doi.org/10.1080/15440478.2020.1848723

Sathishkumar, T. P., Satheeshkumar, S., & Naveen, J. (2014). Glass fiber-reinforced polymer
composites — a review. https://doi.org/10.1177/0731684414530790

Shanyi, X. Y., Litong, D., & Materials, C. (n.d.). Composite Materials Engineering , (Vol. 1).

Sinha, S., & Devnani, G. L. (n.d.). NATURAL FIBER COMPOSITES.

Thakur, V. K., Thakur, M. K., & Gupta, R. K. (2014). Review : Raw Natural Fiber — Based
Polymer Composites. December 2013, 256-271.
https://doi.org/10.1080/1023666X.2014.880016

Varis, J., Chauhan, V., & Ka, T. (2019). Review of natural fiber- reinforced engineering plastic

103



composites , their applications in the transportation sector and processing techniques.
https://doi.org/10.1177/0892705719889095

Venkatesha Gupta, N. S., Akash, Sreenivasa Rao, K. V., & Arun Kumar, D. S. (2016).
Fabrication and evaluation of mechanical properties of alkaline treated sisal/hemp fiber
reinforced hybrid composite. IOP Conference Series: Materials Science and Engineering,
149(1). https://doi.org/10.1088/1757-899X/149/1/012093

Zhang, J., Chaisombat, K., He, S., & Wang, C. H. (2012). Hybrid composite laminates
reinforced with glass / carbon woven fabrics for lightweight load bearing structures.
Materials and Design, 36, 75-80. https://doi.org/10.1016/j.matdes.2011.11.006

S. Navanee thakrishnan and A. Athijayamani, “Taguchi method for optimization of fabrication
parameters with mechanical properties in sisal fiber — vinyl ester composites,” vol. 4846,
no. December, 2015, doe: 10.1080/14484846.2015.1093258.

H. O. Maurya, M. K. Gupta, R. K. Srivastava, and H. Singh, “Study on the Mechanical

Properties of Epoxy Composite using Short Sisal Fiber,” Mater. Today Proc., vol. 2, no. 4-5,

pp. 1347-1355, 2015, doe: 10.1016/j.matpr.2015.07.053.

104



APPENDIXES
Appendix A

w_Flectional strength
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m_ Flectional strength
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Appendix B

HARDNESS TEST RESULT

ol it 3

Hard £-1
@ Bl Camen Edt Image View Memsure Wndow Help

_Ex
& &[T - - ¥ 1) 1020068 Y2ciRQste o RIEETIFR
ann SRR BIN OO0 DG R R AL EO S 0 sume (-0 | MSSans Serif .t
7
um
Add data to report.
00 ~Jmm [ Ada |

] Capture image with objects and grid lines

73

[ Data [Image |
X700 :76£0) RGBA: (4,0,85,0)

e

Db Comen [t frage Yiew Messre Window bop Lo
& W& (P = - %1 8 10200768 YOS RAS»OIREAIL iR
N <00 DG - \EO®(100 wemv.iR0

ve

=
17142 = d1 (Always)
Hardness{H)

6955 . d2= 6645 .

Add data to report

Pasitontgep) (09 ~lmm | Ads |

|| Capture image with objects and grid lines

K385V ST0ED) RGBA G2.8,79,0)

107



Appendix C

TENSILE TEST RESULT

Test report

Kind of test: Tensile test DIN 50106
Material of specimen: com[osite

Dimensions of specimen” Tension specimen B23 x 250 DIN 501235
Temperature: 20°C

Upper/lower tensile yield strength ReUr ReL:

Yield stress Rp:

Tensile Strength Rm: 3264 N/mm*
Elongation at fracture A:

Contraction at fracture Z:

Date: 03.05.2024

Name of tester:

Signature:

Test report

Kind of test:

Material of specimen:

Dimensions of specimen:

Temperature:

Upper/lower tensile yield strength RelU/ Rel.:
Yield stress Rp:

Tensile Strength Rm:

Elongation at fracture A

Contraction at fracture Z:

Date:

Name of tester:

Signature:

Tensile test DIN 50106
composite
Tension specimen B25 x 250 DIN 50125

20°C

33.04 N'mm*

03.05.2024
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Appendix ¢

SEM RESULT

$CM_TIME 14:36:21
$CM_OPERATOR
$£CM_INSTRUMENT JCM-6©@8ePlus
$CM_ACCEL_WOLT 15.88
$CM_MAG 608.@

$CM_SIGMNAL SED
$CM_FIELD_OF_VIEW 1.99mm 1.47mm
$ESM_MICRON_BAR 322.@
$$SM_MICRON_MARKER 5@8um
$ESM_TMAGETYPE 1

$4$SM_SEQID 984877

$$SM_TITLE High-vac. SED PC-std. 15kV %68 (47mm)

$ESM_MAGKEY 68x
$ESM_WAC_MODE HV
$4SM_PC_MODE PC-std-
$ESM_CL 1

$ESM_GF 2
$ESM_HEIGHT 47
$ESM_WD 16
$ESM_TWD 16
$ESM_FOCUS 823892
$LSM_AFC 302018
$ESM_CONT 2848
$$SM_BRI 2812
$ESM_PMT 21860
$4SM_ROT ©
$ESM_STGX 1997
$LESM_STGY 2006
$ESM_FSX ©
$ESM_FSY 1751664
$ESM_SCAN 3
$$SM_FREEZE 16
$$SM_DETECT @
$SSM_SUPPRESS 2047
$HSM_SHADOW 1

$$SM MONITOR MAGHNIFICATION 188

CM_FORMAT JEOL/EO
$CM_WERSION ©.2
$CM_COMMENT 3

$CM_DATE 2024-085-1@
$CM_TIME 14:49:0@
$CM_OPERATOR
$CM_INSTRUMENT JCM-6@8@P1lus
$CM_ACCEL_VOLT 15.80
$CM_MAG 3809.0

$CM_STGMNAL SED
$CM_FIELD_OF_WIEW 397um 294um
$$SM_MICRON_BAR 322.0
$£$SM_MICRON_MARKER 188um
$ESM_TMAGETYPE 1
$£$SM_SEQID ©04080
$ESM_TITLE High-vac. SED PC-std. 15kV x3088
£$SM_MAGKEY 3@8x
$ESM_VAC_MODE HWV
$$SM_PC_MODE PC-std.
SESM_CL 1

$ESM_GF 2

$ESM_HEIGHT 47

$£$SM_WD 16

SESM_TWD 16

$$SM_FOCUS 821991
$ESM_AFC 340487
$ESM_CONT 2048

$$SM_BRI 2031

SESM_PMT 2244

$ESM_ROT @

SESM_STGX 1979

$$SM_STGY 2381

$ESM_FSX @

$$SM_FSY 1753314
SESM_SCAN 3

$£4SM FREEZE 16
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Appendix d

XRD result
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