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ABSTRACT

The increasing demand for environmentally friendly, lightweight, stiff, and durable products in
todayds world has spurred the deocomdosutgsnmeghist o f
study the composites were fabricated using open mold casting niettheirmine effect of vol%

of avocado seed powder aBdC on the characteristics of bicomposite Epoxy resin was used

as the matrix, while boron carbide powder (pele size=75micron) and avocado seed powder
were employed as reinforcing materials. Five samples were created by varying the volume
percentage of avocado seed powder (0, 5, 10, and 15 vol.%) while keeping the boronBatl)ide
powder constant at 5 vol.%The highest recorded tensile strength, flexural strength and
compressive strength were 50.22 MPa, 74.74 MPa, and 99.56 MPa, respectively, achieved with
15 vol.% avocado seed powder and 5 vdB6 . The maximum impact strength observed at 34.5
kJ/m2 with neat epoxy composite. The largest hardness of 34.26 HV was obtained with 15 vol.%
avocado seed powder and 5 voB¥ . The minimum water absorption rate (0.17%) was achieved
with 10 vol.% avocadseed powder and 5 vol.%a®. Additionally, a smaller void content was

observed at 5 vol.% avocado seed powder and 5 B4

Keywords: Composite,Natural fibers Hardness, Avocadeeedpowder, Boron Carbide
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CHAPTER 1
INTRODUCTION

1.1Background of the Study

Materials play a crucial role in various applications, including structural and nonstructural,
electrical, electrochemical, biological, biomedichkrmal, and more. Their purpose is to enhance
human productivity and improve living conditions. However, the growing awareness of
environmental issues such as global warming, waste management, diminishing fossil fuel reserves,
and escalating oil prices hagurred a need for novel materials that are environmentally friendly,
lightweight, strong, and economically viable. As a result, there is a rising emphasis on promoting

green products to support sustainable develop(Bakri et al., 2017)

Throughout human history, composite materials have mefmbrtant significance, serving as
essenti al components in early <civilizationsé
The advantages offered by composites are numerous, with notable characteristics including
corrosion resistance, design flexibility, rdbility, lightweight nature, and strength. These
composites have become deeply ingrained in our daily lives, finding applications in diverse sectors
such as construction, medical fields, oil and gas industries, transportation, sports, aerospace, and

numepus othergAbramovich, 2017)

The scientificcommunity is increasingly focusing on agricultural waste and forelstryed
natural fibefreinforced polymer composites, surpassing the interest in synthetigdibérced
compositeqFaruket al, 2012) These materials, commonly known as-banpos#es or green
composites are edoiendly materials that utilize natural fibers or fillers as reinforcement within a
matrix. Depending on the type of fiber reinforcement and matrix used, they can be either fully or
partially composed of bibased materialsNatural fibers and fillers offer several advantages,
including affordability, degradability, manageability, recyclability, and renewalfBigkri et al.,

2017)

The avocado (Persea Americana) is a member of the Lauraceae family, known for its tropical and
Mediterranean trees and shrubs. It has been cultivated in Mexico, Central America, and South
America for thousands of years and congisito be popular today. The avocado is not only valued

as a food source but has also been used for medicinal purposes and treating skin conditions due to

1



its high nutritional content and therapeutic propefsiaet al,, 2022) This fruit is a rich source

of carbohydrates, proteins, fibers, essential micronutrients, polyphenols, fats, oils, vitamins, and
minerals, making it highly souglaifter for human consumption. Its consumption is particularly
beneficial for heart health and maintaining a healthy circulation system due to the presence of
unsaturation lipid¢Djonny et al, 2020) Avocado fruits have an olivgreen peel and thick, pale
yellow pulp that contains various fatty acids such as linoleic, oleic, palmitic, stearic, linolenic,
capric, and myristic acids. While primarily used for human consumption, avocados have also been
employed as a medical plant in Mexico and other parts ofithiel (Saadaldeen, 2022)

The seed of the avocado constitutes approximately8%3 of the fruit and is typically considered

a byproduct that is often discarded during pulp processing. However, it holds potential value to
the industry as a source of bitige compoundg¢Tesfayeet al, 2022) According to(Faris, 2016)

the total cultivated area for avocado in Ethiopia is 8988&ttares and production of 256331.64
quintals, more area coverage is expected in the seegtern and other parts of the country due to

more conducive climatic and edaphic factors.

1.2 CompositeMaterials

Composite materials are composed of two or morepoorents, with the interface between them
playing a crucial role. The components typically consist of a reinforcement phase and a matrix
phase, often referred to as the reinforcing phase and the matrix phase, respectively. Additionally,
the interface formedbetween the reinforcing phase and the matrix phase is recognized as the

interface of composite materials due to its unique structure and composition

1.2.1Classification of Composite Materials
Composite materials can be classified into many categories degenptin the matrix phase and
reinforcing phase.
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Figure 1.1: Classification ofcompositegSaleh, 2018)
A. Matrix Phase

The matrix phase, also known as continuous phase, is a cohesive material that envelops the
reinforcing phase and exhibits relatively soft and tough characteristics. One of the primary roles
of the matrix phase is to provide support and protection to ihf@reing phase. When composite
materials are subjected to external loads, the matrix phase primarily undergoes shear deformation,

enhancing the distribution of phases and facilitating load tra(idfieara & Bakkar, 2016)

[.  Metal Matrix Composites

Metali matrix composites (MMCs) are a type of material where metals are reinforced with fibers
or particles, aiming to enhance or customize specific properties such as stiffness, strength, thermal
conductivity, thermal expansion, friction, and wear restgaifhese composites are renowned for
their lightweight nature and higpecific strength, making them highly valuable in various

industrial sectors,

particularly automotive, aerospace, and thermal management. The
characteristics of MMCs are determinedthg reinforcement material, the matrix material, and
the interface between them, playing a critical role in shaping the overall properties of these

compositegHihara, 2016)

Ceramic Matrix Composites

Ceramic matrix composites (CMCs) are composed of a ceramicxnaathi dispersed ceramic
phases such as carbides or oxides. CMCs hold great promise for applications that involve high

temperatures due to their remarkable resistance to corrosion, exceptional compressive strength,



enhanced resistance to thermal shockghdr melting points, improved capability for bearing

dynamic loads, and stability at elevated temperatures (exceedingC)%Bithara, 2016)

I1I. Polymer Matrix Composites

A polymer matrix composite (PMC) is a type of composite material that consists of a combination
of short or continuous fibers embedded in an organic polymer matrix. PMCs are specifically
engineered to effectively transfer loads between the fibers and the matrix. These composites offer
several advantages, including their lightweight nature, high etifinrandbetterstrength along the
direction of the reinforcements. Additionally, PMCs demonstrate good abrasion resistance and

corrosion resistance, further enhancing their overall performance.

Composites commonly utilize polymers, which can be classdgedhermoplastics polymers,
thermosetting polymers, or elastomers. Polymers, derived from a diverse rangeeaffectiste

raw materials, offer numerous advantages. These include a low specific weight, enhance resistance
to corrosion, improved electricahd thermal insulation properties, ease of shaping, efficient mass
production, and attractive optical properties such as fiber optics and glazing applications.
However, polymers also have some significant drawbacks. These include poor mechanical
stiffness and strength, limited heat resistance, susceptibility to aging, and combustibility
(Abramovich, 2017)

Pol ymer
Compodite

ThermolsThermop El ast dqmer s

Pol yegqt] Vi nyl el Epoxy |Jresin

Figure 1.2: Classification of polymer matrix composi{&halwan & Yousif, 2012)

a) Thermosets

The most common matrix for PMCs; is cheaper than thermoplastics. Higher stiffness is
advantageous. In order of increasing performance, andigst 2020)



Polyesters Unsaturated polyesters have the ability to undergo -tirdgag in the presence of
accelerators, resulting in the formation ofigid structure. However, the use of unsaturated

polyesters may have certain limitations, as the curing process can release(blgoer2920)

Vinyl esters. Polyamides exhibits significantly superior mechanical properties and environmental
resistance compared to polyesters. However, it is important to note that polyamides are generally

more expensive than polyess(Ngo, 2020)

Epoxy resin: Typically, these materials are created by blending two liquid components, a resin
and a hardener. The polymer undergoes curing through the formation of chemicdinkeoss
between its chains. This curing process imparts desirable mechanical properties such as strength,
toughness, and high modulus, along with excellent environmenitsthirese. However, it is worth

noting that these materials tend to be more expensive compared to other (fgm2920)
b) Thermoplastics

Conventional thermoplastic processing techniques can be employed to manufactufieeshort
composites. These composites offer a greater potential forgnagle recycling and feature a
tougher matrix. Moreover, parts made fronogtiiber composites can be joined together through
welding, utilizing heat and pressure. Example of sfiber composites include PEEK (peéther

ether ketone) and PES (peadyhersulphone), which are known for their high cost and -igh
performance chacteristics when combined with carbon fiber or aramid. Another example is
polypropylene with chopped glass fiber, which is commonly used inldad automotive
applications. Additionally, nylon with chopped glass fibers is utilized in electrical and autemot
parts(Bircaet al, 2019)

Applications of Polymer Matrix Composite

Automotive industry
Aircraft and aerospace industry
Marine

Sports goods

= =4 4 -4 -2

Biomedical applications



B. Reinforcing Phase

The reinforcing phase in composite materials refers to the filament (continuous or chopped), flake,
or granular material with exceptional strength, modulus, hardness, and brittleness. It serves as the
primary loadbearing phase when the composite mateasdssubjected to external forces. These
reinforcing materials are dispersed within the composite and are surrounded by the matrix, earning
them the name of dispersed pha@e. Sharmeet al.,, 2020)

Fiber Reinforced Composite (FRC)

Fiberi reinforced composites (FRC) comprise of fibers embedded within matrix materials. These
composites can be categorized as either discontinuous fiber composites or short fiber composites
if the composite properties are influenced bylémgth of the fibers. On the other hand, when the
length of the fibers reaches a point where further increases do not yield additional improvements
in the compositebds elastic modul us, It is cl
The fibes used in FRC are typically characterized by their small diameter and exhibit excellent
tensile properties. However, they are prone to twisting when subjected to axial pressure,

necessitating reinforcement to prevent bending and bucking of individuied (8sdeh, 2018)
Particulate Composite

Particulate composite are composite materials where particles are dispersed or embedded within
a matrix material. These particles can take the form of flakes or powders. Concrete and wood
particles boards are widely recognized and familiar examples of particulate com(f®alets

2018)

Structural Composite

Structural composites are mdliyered composites with typically low density, designed for
applications tht demand structural integrity and high tensile, compressive, and torsional strengths
and stiffness. The properties of these composites are influenced not only by the characteristics of
the constituent materials but also by the geometrical design ofrtiotusal elements. Laminar
composites and sandwich panels are among the most prevalent types of structural composites
(Saleh, 2018)



1.3 Statement ofProblem

The processing of avocados results in byproducts, particularly the aveeads, as most
industrial applications primarily utilized the pulp. With an annual production of 5 million tons,
avocados are ranked as the fourth most important tropical fruit globally. In Ethiopia, the annual
avocado production is approximately 25,688s(Mokria et al, 2022) However, the nomdible

parts pose a challenge for juice shops and contribute to a significant biomass waste issue
throughout the country. The increasing demand for avocados leadsh&r prgduction due to

their numerous benefits. Nevertheless, this trend presents a potential problem as the waste
generated can result in ecological issgslecomposing and releasing methane which is a potent
greenhouse gas that contributes to climatengkes. Additionally, if not properly disposed of,
avocado waste can attract pests and rodents, and pollute soil and water sources through leaching.
It alsocausesconomic losses due to the high costs associated with transporting and disposing of

the wastematerials.

Therefore, incorporating avocado seeds as an alternative for composite materials in aesthetic parts
of automotive can have a significant impact on the manufacturing sector by reducing costs and
biomass waste. Furthermore, this approach bringaamic benefits to juice producers. As a
result, the objective of this thesis is to investigate the use of avocado seed power as a reinforcing
material, combined with & (boron carbide) and a polymer matrix, to enhance its organic nature,

abundance, biodgadability, and desirable properties

1.4 Objectives
1.4.1General Objective

The general objective of this thesis is to evaluate avocado seed powdeiCareiriBorced with

epoxy matrix composite by using open mold casting process for automobile braifgppeation.

1.4.2SpecificObjective

x Fabricate avocado seed powder angC Beinforced epoxy composite through open mold
casting method.

x Determine the effect of volume percentage of avocado seed powder s@n@rBthe
characteristics of bicomposites.

x Investigde the physical properties-terms of density and void content.



x Investigate mechanical properties@mms of impact, tensile, compression, flexural and water
absorption properties.

x Characterizehe structure property correlations using scanning eleatroroscopy.

1.5Scope of theStudy

This thesis paper is delimited to:

x  Synthesis of composite material with varying volume percentage of avocado seed powder and
B4C patrticle.

x Focus on testing of mechanical property of composite for aesthetic parts of algsmobi

x Testing of the compositwith availableequipment/machines as p&8TM D-638-14, ASTM
D90-17, ASTM D695 15, ASTM D-256 ASTM D-792 standards.

x Non availability of naneparticles and epoxy resin supply in Ethiopen be mentioned as

limitation.

1.6 Significance of theStudy

x Avocado seeds are biodegradable, easily available, and low cost and this gives an advantage
of utilizing in several types of composites for various applications.

x Introducing newalternative material for aesthetic parts of automobiles.

x Economic benefits for the community.

x Waste utilization

1.7 Organization of the Thesis

The organization of the thesis had been done as follows. Chapter one includes introduction in
which the backgroundstatement of problem, objectives, scope of the study, significance of the
study and limitations were described. Chapter two includes the literature survey, a summary of the
literature, and the research gaps. Chapter three covers the material and meticbdeclude the
fabrication and characterization of mechanical and physical properties whereas chapter four deals
with the results and discussion. Chapter five comprises the conclusion and recommendation. The
interpretations of the obtained results waralyzed and recommendation and future work was

directed.



CHAPTER 2
LITERATURE REVIEW

2.1Introduction

This chapter presents a comprehensive literature analysis of pegtidierced epoxy/polymer
matrix composites. A review of the literature is provided, whiatluges information about
particulate polymebased composites. The chapter offers a critical review of previous research
conducted on this topic, providing valuable guidance for the current study. Additionally, this

chapter covers the examination of pres@esearch papers.

U Natural particulate and mechanical properties of natural particulate polymer composites

U Avocado seed particulate and mechanical properties of avocado seed particulate reinforced
polymer composites

U Mechanical and physical propertiesBiC filled reinforced polymer composites

U Behavior of natural particulate reinforced polymer composites for application of brake pad

U Manufacturing techniques of polymer composites

2.2 Natural Particulate and MechanicalProperties of NPPC

In the earlier times, only synthetic fiber/particulate based reinforced composites were used due to
low cost and good mechanical properties. These composites use the glass fiber or carbon fiber as
reinforcement for composite materials. In the modern tgustainability is the major concern of

all the research. For sustainable development, there is a great need as well as challenge for every
industry to replace the nesustainable products with the sustain able ones. Also, because of the
limited amount of onventional energy resources and rising environmental concerns, we have got
to shift towards the renewable raw materials for the development of new components. Owing to
the above reasons, it leads to the replacement of synthetic fibers/particulates twith na
fibers/particulates as reinforcement in fiber/particulate reinforced composites. Other than this,
natural fibers/particulates also have many benefits such as low relative density, low cost, high
impact resistance, and high flexibility, low specifiagty, less abrasiveness to equipment, less
health hazards, procefsendly, lower greenhouse emissions, recyclability and CO2 neutral.
Hence natural fiber/particulate reinforced composite is safe for environment. Natural

fiber/particulatebased compostis extensively used in automotive applications. This is due to

9



their light weight which leads to lesser fuel consumption and reduced emissions of harmful gases
(Kerniet al, 2020)

Sakthiet al, (2020)extracted the bahunia racemosa fibers and reinforced into the epoxy matrix

and the composite is filled with the egg shell powder to study the effect of the egg shell inclusion.
The reinforcement and filler addi tntabdesigh evel s
through MINITAB software. The composites were produced through hand layup process and
tested as per the standards. From the results of the experiments addition of the fillers such as egg
shell powder has maximum impact on the hardness anddiséune absorption characteristics of

the fiber reinforced polymer composites. The optimum results show that, for maximum hardness,

the inclusion of fibers and the fillers must be maximum and to obtain the minimum water
absorption, the addition of the fitlemust be minimum and the addition of the fillers must be

maximum.

Muniapparet al,(2019)analyzed the influence of dek bean natural filler reinforcement (5, 10,

15, 20, 25 and 30% mass fraction) on the mechanical properties of Epoxy LY556 composite and
fabricated using compression molding. The maximum mechanical properties were observed for
25% mass fraction of coffdeean natural filler composite. The fracture toughness increases with
incorporation of coffee bean filler, due to uniform distribution of coffee bean in epoxy matrix and
stress was disseminated equally. It also indicates that bonding between filler ardsnhetiter

and 30% mass fraction filler reveals reduced wettability with the epoxy matrix in composite.

Obadeet al, (2019)studied coicoconut husk powder reinforced polymer composite (CCHPRC)
prepared ¥ the simultaneous application of heat and pressure, and investigated an acidic
environment and its morphological and hardness properties. Four test conditions were selected to
elucidate the shoterm effect of the exposure of the composites to Sulfuzid A2S04) solution

with a pH of 2.2 at room temperature. Exposure periods of 3, 6 and 9 days (3PA, 6PA, 9PA) were
considered, while samples not exposed to the acid solution were used as control (NP). In order to
measure the surface degradation and haglmariation due to immersion in the acid solution,
scanning electron microscopy, energy dispersive spectroscopy (SEM/EDS), and hardness tests
were carried out. As a result, the gradual material degradation and poor adhesion between

reinforcement and matriwas observed which was confirmed by SEM/EDS analysis. Prolonged
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acid I mmersion time seemed to promote an i

comparison with the control sample.

Thejaet al,(2021)studied, effect of organic residue, tea dustfiectively recycled/utilized for
fabricating polymer composite to find its suitability in engineering applications. Epoxy polymer is
considered as matrix material and different volume fractions of used tea dust powders (10, 20, 30,
40, 50, and 60 vol.%) arused as reinforcement. Halagup approach is adopted for fabricating

the polymer composite and the samples are tested for their mechanical properties viz., impact,
flexural and tensile strength. Based on the mechanical strength the best combinatiod ts be

40% vol. in epoxy matrix; higher addition than 40% reduces the strength due to lower bonding

between the powders and matrix.

Pramod Kumaet al, (2023)studied, effect of mechanical properties of composites of teak wood
and tamarind kernel as reinforced particulates with polyester resin. This work analyzed the
mechanical behavior dafifferent type of combination of composite material, with different tests
such as tensile test and flexural bend test. Finally, it is reported that more value in the combination
of tamarind dust on flexural bend test.

Ajithram et al, (2023) investigated the absorption properties of a polyommposite material

made from water hyacinth (Eichhornia crassipes) natural plant powder materials, especially for
false ceiling applications. In order to create composite samples, it is combined with an epoxy
polymer matrix, and the powder particles aredias a part of the compression molding process.

A composite sample with high hardness strength was obtained in which 30% of hyacinth fiber and
5% of moringa filler powder were used. This combination achieved a Shore D hardness value of
98 in the compositeample. Based on the results of the water and chemical absorption studies,

filler material can increase the level of absorption resistance of composite samples (15% for water
and 25% for chemical) by a significant amount.

Ashok Kumaret al, (2022)investigated the mechanical characteristics of raw jute-fiased
epoxy composites and hybridized epoxy compositesrporating jute fiber (JF) and powdered
egg shell (PES) based Hitler. The ESP was used in different compositions such as, 3%, 6%,
9%, and 12% with the JF reinforced epoxy composite. The findings indicate the viability of

hybridizing the epoxy compdss with this new composition of materials. The addition of 9% PES
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bio-filler increased tensile characteristics, flexural strength, and Shore D hardness by 73.83, 50.17,
and 21.43 percent, respectively. The inclusion of PES above 9% in JF epoxy convpesiiat
impressive and hence, it is recommended to use 9% ESP in JF/ESP Epoxy hybrid composites.

R. Sharma & Sharmg2023)focused on the selection of argo waste Coconut shell particulate
(CSP)/Walnut shell particulate (WSP) fikedue to their light weight, biodegradability, low
density, abundant availability, and easy proedsifity. In a controlled laboratory environment,

the impact of different weight percentages of CSP/WSP (argo waste) particles (2.5, 5.0, 7.5, 10.0,
12.5, ad 15.0 wt%) loaded into epoxy resin (LY 556) using a molding process was investigated.
It is observed from experimental work that the dimensional stability of CSP/WSP (1:1) reinforced

epoxybased composites is better at 2.5 wt% of particulates.

Girimurugan et al, (2020) investigated impact strength and hardness properties of banana fiber
and camellia sinensis particle reinforced epoxy composite. Four composite specimens for Izod
impact test and Rockwell hardness test were prepared as per the ASTM standards by keeping
weight percentage of the matrix material as constant (65%) and varyingigite percentage of
banana fiber (35, 33, 31, 29%)/Camellia Sinensis particles (0, 2, 4, 6%) respectively. Izod impact
test and Rockwell hardness tests were performed on the four composites specimens. Experimental
results revealed that the addition ofn@alia Sinensis particles enhanced the hardness and

diminishes the impact of energy and impact strength of the composites considerably.

2.3Avocado Seed Particulate and Mechanical Properties of Avocado seed
Particulate RPC

The processing industry discards avocado seeds, which increases production and ultimately
pollutes the environment. It would be advantageous to handle these wagstedbgts both
economically and environmentally. Avocado (Persea americana Mill.) cropltisated and

highly demanded internationally because of the growing demand for fruit and food products. It is
a dicotyledonous plant that belongs to the flowering plant family Lauraceae, a native of Central
America and Mexico. Generally, avocado seedsdisearded, considering them a waste by
products of avocado processing industries. Thigrdogluct has not been used significantly,
causing serious environmental pollution. Effective wasteroguct management would benefit

from an economic and environmtal perspectives. Seeds of avocados represent a substantial
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percentage (13 47 %) of the avocado fruit and are rich in various functional and bioactive
components, namely polysaccharides, proteins, lipids, minerals, and vitamins. Avocadoes have

four basc parts.

PEEL (EXOCARP)

SEED & ENDOCARP

* Antioxidant
* Anticancer
* Antimicrobial

- * Antioxidant
* Anticancer
* Antimicrobial

* Antioxidant

* Anticancer

* Antimicrobial

* Anti-inflammatory

* Diabetes &
cardiovascular health

Figure 2.1: Basic parts of avocad@Puniaet al, 2022)

I.  The Exocarp

The exocarp of an avocado is commonly referred to as the skin. Depending on the type of avocado,
the skin color and thickness will vary. For example, Gwen avocados have green skin that is thick
with a pebbled apperance while Zutano avocade® hhin skin that is yellowgreen and shiny.

The exocarp of certain avocados may also chane in apperance as the fruit ripens. Hass avocados
start with green skin that darkens to a putgbeck color when ripe. The Fuerte avocado, which

has thin green skidoes not change in apperance when (fheiaet al, 2022)
The Mesocarp

The mesocarp is also known as the flesh of the avocado, amslttisedible and most abundant

part of the fruit. The flesh of the fruit also varies in apperance depending on the variety of avocado.
The Bacon variety of avocado has flesh that is a gresmisiw, while the Pinkerton variety has

pale, creamy green flesThe Zutano avocado has flesh that is light in texture with pale green color
(Puniaet al,, 2022)
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I1I. The Endocarp

The endocarp is the thin inner layer of the avocado and its seed. It is often difficult to differentiate
the endocarp frorthe flesh of the avocado fruit. When the seed is ripe, the endocarp may appear

to be a film over it, giving it a frosty or whitish appeara(feeniaet al, 2022)
IV.  The Seed

At the center of the avocado is its seed. It is the seed that makes the avocado fruit as opposed to a
vegetable and it can vary in size from small to large. The variation in seed size are dependent on
the type of avocado. The Pinkerton, which is a winéerety avocado, has a small seed at its core.
Reed avocados, a summer variety, and Lamb Hass, which is a California summer variety, both
have medium seeds. The midnter variety Bacon avocado has a medium to large aatdaet

al., 2022)

Avocada are good source of Vitamin K, dietary fiber, Vitamin B6, Vitamin C, Folate and copper.
It is also a good source of potassium: they are highgotassium than a medium banamacado

also contains essential nutrients such as carbohydrates, sugar, soluble and insoludnle daodw,

is also good source of oil containing monounsaturated fat its oil contents vary depending on its
varieties and theeriod of extraction of oil by colgress processvocadois a rich source of
mineral. When ripe the color of the skin is purplish black, the edible flesh of the fruit constitutes
65%, seed is 20% and the skin is 15% which makes up the total weighfroftheAlthough they

are fruits,avocades have a high fat content of between 71 to 88% of their total calories about 20
times the average for other fruits. Highocadantake has been shown to have a beneficial effect
on blood serum cholesterol leveMbout 75% of armavocadés calories come from fat, most of
which is monounsaturated fat. They are rich in B Vitamins, as well as Vitamin E and Vitamin K.
They have high fiber content among other fruitscluding 75% insoluble and 25% soluble fiber.

A fatty triol (fatty alcohol) with one double bond, avocadene-l{¢ptadecené-2-4-triol), is

found inavocaddOrhevbaet al, 2011)

U Nutritional content ofivocadds listed below
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Composition Values

Ash content 1.52%
Moisture content TT.72%
Protein content 0.94g
Fat (lipid) content 12.18g
Crude fibre content 6.90g
Carbohydrate content Tdg
Protein content 0.94g

Figure 2.2: Nutritional content of Avocad(Bangaret al.,, 2022)

Hassavocadas composed mainly of hemicellulose, cellulose, and lignin, with percentageslaro
44,11 and 13% for seeds, and 1253, 12.127.6, and 4.435.3% for skin, respectivellvarez

& Raquel, 2023) Chemical composition of natural fiber effects the properties of natural fiber
reinforced composites. Cellulose content in natural fiber determines the mechanical properties of
that fiber which in turn effects the properties of natuitzf reinforced composit@laafaret al,

2018) Amount of hemicellulose and lignin also effects the properties of natural fibers. Large
amount of hemicellulose and lignin in natural fiber is not desirablelaads to high moisture
absorption and biodegradation of filf@gtsubariet al,, 2021) For developing theomposite with

good mechanical properties, we have to use the natural fiber having high cellulose content and low
hemicellulose and lignin content. Physical properties such as length and diameter of natural fiber
also influence the mechanical propertiecomposite(Shalvan & Yousif, 2012) Natural fibers

having small diameter have more positive impact on mechanical properties than large diameter
fibers. If length of fiber is less than the critical length, it leads to the decrease in the stress transfer
efficiency betveen fiber and matrix that results in poor mechanical propdKie®t al, 2011)
Percentage of fibers is also an impottfactor for mechanical properties of composites. Increase

of high strength fiber content results in enhancement of mechanical properties. But if content of
high strength fiber increases beyond optimum value, it may lead to deterioration of mechanical
properties. This is because of the reason that with increasing fiber content, matrices composition
is reduced which leads to weaker interfacial bonding between matrix and con(idesitiest al,

2020)

Acquaviaet al, (2023) fabricated reiforced films by impregnating paper in ethyl cellulose

solutions. To prepare active filmayocadoby-products from guacamole industrial production
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