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ABSTRACT 

 

ARTICLE INFO 

Natural   fibers  are  not  only  strong   and  light  weight   but  they  are  also 

relatively  very  cheap. They   are found abundantly   in India.  The objective  of this 

investigation   is to evaluate  the mechanical   behavior  of the alkali  treated   

sugar cane  bagasse  and  mango  seed  fiber  particle   strengthened   with  polymer.  

After treatments they are reinforced   with polymer i n  a particle f o r m .  The 

mechanical property has  to be evaluated   using  tensile,  compression   and  flexural  

property Then  the plate  specimens  are examined  using  the  scanning  electron  

microscope(SEM).The   experimental   results  are compared  with ANSYS. 
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I. INTRODUCTION 

 A. General composite materials 

India endowed with an abundant availability of natural 

fiber such as Jute, Coir, Sisal, Pineapple, Ramie, Bamboo, 

Banana etc. has focused on the development of natural fiber 

composites primarily to explore value-added application 

avenues. Such natural fiber composites are well suited as 

wood substitutes in the housing and construction sector. The 

development of natural fiber composites in India is based on 

two pronged strategy of preventing depletion of forest 

resources as well as ensuring good economic returns for the 

cultivation of natural fibers.  

The developments in composite material after meeting 

the challenges of aerospace sector have cascaded down for 

catering to domestic and industrial applications. Composites, 

the wonder material with light-weight; high strength-to-

weight ratio and stiffness properties have come a long way 

in replacing the conventional materials like metals, wood etc. 

The material scientists all over the world focused their 

attention on natural composites reinforced with Jute, Sisal, 

Coir, Pineapple etc. primarily to cut down the cost of raw 

materials. 

b. Why a composite  

Over the last thirty years composite materials, plastics 

and ceramics have been the dominant emerging materials. 

The volume and number of applications of composite 

materials have grown steadily, penetrating and conquering 

new markets relentlessly. Modern composite materials 

constitute a significant proportion of the engineered 

materials market ranging from everyday products to 

sophisticated niche applications. While composites have 

already proven their worth as weight-saving materials, the 

current challenge is to make them cost effective. The efforts 

to produce economically attractive composite components 

have resulted in several innovative manufacturing 

techniques currently being used in the composites industry. 

It is obvious, especially for composites, that the 

improvement in manufacturing technology alone is not 

enough to overcome the cost hurdle. It is essential that there 
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be an integrated effort in design, material, process, tooling, 

quality assurance, manufacturing, and even program 

management for composites to become competitive with 

metals. 

The composites industry has begun to recognize that 

the commercial applications of composites promise to offer 

much larger business opportunities than the aerospace sector 

due to the sheer size of transportation industry. Thus the 

shift of composite applications from aircraft to other 

commercial uses has become prominent in recent years. 

Increasingly enabled by the introduction of newer polymer 

resin matrix materials and high performance reinforcement 

fibres of glass, carbon and aramid, the penetration of these 

advanced materials has witnessed a steady expansion in uses 

and volume. The increased volume has resulted in an 

expected reduction in costs. High performance FRP can now 

be found in such diverse applications as composite armoring 

designed to resist explosive impacts, fuel cylinders for 

natural gas vehicles, windmill blades, industrial drive shafts, 

support beams of highway bridges and even paper making 

rollers. For certain applications, the use of composites rather 

than metals has in fact resulted in saving of both cost and 

weight.  

Some examples are cascades for engines, curved 

fairing and fillets, replacements for welded metallic parts, 

cylinders, tubes, ducts, blade containment bands etc. 

Further, the need of composite for lighter construction 

materials and more seismic resistant structures has placed 

high emphasis on the use of new and advanced materials 

that not only decreases dead weight but also absorbs the 

shock & vibration through tailored microstructures.  

Composites are now extensively being used for 

rehabilitation/ strengthening of pre-existing structures that 

have to be retrofitted to make them seismic resistant, or to 

repair damage caused by seismic activity. Unlike 

conventional materials (e.g., steel), the properties of the 

composite material can be designed considering the 

structural aspects. The design of a structural component 

using composites involves both material and structural 

design. Composite properties (e.g. stiffness, thermal 

expansion etc.) can be varied continuously over a broad 

range of values under the control of the designer. Careful 

selection of reinforcement type enables finished product 

characteristics to be tailored to almost any specific 

engineering requirement. 

Whilst the use of composites will be a clear choice in 

many instances, material selection in others will depend on 

factors such as working lifetime requirements, number of 

items to be produced (run length), complexity of product 

shape, possible savings in assembly costs and on the 

experience & skills the designer in tapping the optimum 

potential of composites. In some instances, best results may 

be achieved through the use of composites in conjunction 

with traditional materials. 

c. Composite 

The most widely used meaning is the following one, 

which has been stated by Jartiz ―Composites are 

multifunctional material systems that provide characteristics 

not obtainable from any discrete material. They are cohesive 

structures made by physically combining two or more 

compatible materials, different in composition and 

characteristics and sometimes in form‖. 

The weakness of this definition resided in the fact that it 

allows one to classify among the composites any mixture of 

materials without indicating either its specificity or the laws 

which should give, it which distinguishes it from other very 

banal, meaningless mixtures. 

Kelly very clearly stresses that the composites should 

not be regarded simple as a combination of two materials. In 

the broader significance; the combination has its own 

distinctive properties. In terms of strength to resistance to 

heat or some other desirable quality, it is better than either 

of the components alone or radically different from either of 

them [2]. 

Beghezan defines as ―The composites are compound 

materials which differ from alloys by the fact that the 

individual components retain their characteristics but are so 

incorporated into the composite as to take advantage only of 

their attributes and not of their short comings‖, in order to 

obtain improved materials [3]. 

Van Suchetclan explains composite materials as 

heterogeneous materials consisting of two or more solid 

phases, which are in intimate contact with each other on a 

microscopic scale. They can be also considered as 

homogeneous materials on a microscopic scale in the sense 

that any portion of it will have the same physical property 

[4]. 

D. Characteristics of the composites 

 Composites consist of one or more discontinuous 

phases embedded in a continuous phase. The discontinuous 

phase is usually harder and stronger than the continuous3 

phase and is called the ‗reinforcement‘ or ‗reinforcing 

material‘, whereas the continuous phase is termed as the 

‗matrix‘. Properties of composites are strongly dependent on 

the properties of their constituent materials, their 

distribution and the interaction among them. The composite 

properties may be the volume fraction sum of the properties 

of the constituents or the constituents may interact in a 

synergistic way resulting in improved or better properties. 

Apart from the nature of the constituent materials, the 

geometry of the reinforcement (shape, size and size 

distribution) influences the properties of the composite to a 

great extent. The concentration distribution and orientation 

of the reinforcement also affect the properties.  

The shape of the discontinuous phase (which may by 

spherical, cylindrical, or rectangular cross-sanctioned prisms 

or platelets), the size and size distribution (which controls 

the texture of the material) and volume fraction determine 

the interfacial area, which plays an important role in 

determining the extent of the interaction between the 

reinforcement and the matrix.  

Concentration, usually measured as volume or 

weight fraction, determines the contribution of a single 

constituent to the overall properties of the composites. It is 

not only the single most important parameter influencing the 

properties of the composites, but also an easily controllable 

manufacturing variable used to alter its properties. 

E.Cclassification 

Composite materials can be classified in different 

ways [5]. Classification based on the geometry of a 

representative unit of reinforcement is convenient since it is 

the geometry of the reinforcement which is responsible for 

the mechanical properties and high performance of the 

composites. A typical classification is presented in table1.1.  

The two broad classes of composites are  

(1) Particulate composites and  

(2) Fibrous composites.  

E.1. Particulate Composites 
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      As the name itself indicates, the reinforcement is of 

particle nature (platelets are also included in this class). It 

may be spherical, cubic, tetragonal, a platelet, or of other 

regular or irregular shape, but it is approximately equiaxed. 

In general, particles are not very effective in improving 

fracture resistance but they enhance the stiffness of the 

composite to a limited extent.  

      Particle fillers are widely used to improve the properties 

of matrix materials such as to modify the thermal and 

electrical conductivities, improve performance at elevated 

temperatures, reduce friction, increase wear and abrasion 

resistance, improve mach inability, increase surface 

hardness and reduce shrinkage.  

E.2 .Fibrous Composites 

      A fiber is characterized by its length being much greater 

compared to its cross-sectional dimensions. The dimensions 

of the reinforcement determine its capability of contributing 

its properties to the composite. Fibers are very effective in 

improving the fracture resistance of the matrix since a 

reinforcement having a long dimension discourages the 

growth of incipient cracks normal to the reinforcement that 

might otherwise lead to failure, particularly with brittle 

matrices.  

      Man-made filaments or fibers of non polymeric 

materials exhibit much higher strength along their length 

since large flaws, which may be present in the bulk material, 

are minimized because of the small cross-sectional 

dimensions of the fibre. In the case of polymeric materials, 

orientation of the molecular structure is responsible for high 

strength and stiffness. Fibers, because of their small cross- 

sectional dimensions, are not directly usable in engineering 

applications. They are, therefore, embedded in matrix 

materials to form fibrous composites.  

       The matrix serves to bind the fibers together, transfer 

loads to the fibers, and protect them against environmental 

attack and damage due to handling. In discontinuous fibre 

reinforced composites, the load transfer function of the 

matrix is more critical than in continuous fibre composites. 

F.Components of a composite material 

        In its most basic form a composite material is one, 

which is composed of at least two elements working 

together to produce material properties that are different to 

the properties of those elements on their own. In practice, 

most composites consist of a bulk material (the ‗matrix‘), 

and a reinforcement of some kind, added primarily to 

increase the strength and stiffness of the matrix.  

F.1. Role Of Matrix a Composite 

Many materials when they are in a fibrous form 

exhibit very good strength property but to achieve these 

properties the fibres should be bonded by a suitable matrix. 

The matrix isolates the fibres from one another in order to 

prevent abrasion and formation of new surface flaws and 

acts as a bridge to hold the fibres in place. A good matrix 

should possess ability to deform easily under applied load, 

transfer the load onto the fibres and evenly distributive 

stress concentration. 

F.2. Materials Used As Matrices In Composites 

In its most basic form a composite material is one, 

which is composed of at least two elements working 

together to produce material properties that are different to 

the properties of those elements on their own. In practice, 

most composites consist of a bulk material (the matrix) and 

a reinforcement of some kind, added primarily to increase 

the strength and stiffness of the matrix. 

G. Bulk phases 

G.1 Metal Matrices  

Metal matrix composites possess some attractive 

properties, when compared with organic matrices. These 

include (i) Strength retention at higher temperatures, (ii) 

Higher transverse strength, (iii) Better electrical 

conductivity, (iv) Superior thermal conductivity, (v) Higher 

erosion resistance etc. However, the major disadvantage of 

metal matrix composites is their higher densities and 

consequently lower specific mechanical properties 

compared to polymer matrix composites. Another notable 

difficulty is the high-energy requirement for fabrication of 

such composites.  

G.2. Polymer Matrices  

A very large number of polymeric materials, both 

thermosetting and thermoplastic, are used as matrix 

materials for the composites. Some of the major advantages 

and limitations of resin matrices are shown in Table 1.1.  

                                                 Advantages &Limitations  

Low densities, Low transverse strength  

Good corrosion resistance, Low operational temperature 

limits  

Low thermal conductivities  

Low electrical conductivities  

Translucence  

Aesthetic Color effects   

 Generally speaking, the resinous binders (polymer 

matrices) are selected on the basis of adhesive strength, 

fatigue resistance, heat resistance, chemical and moisture 

resistance etc.  Apart from these properties, the resin matrix 

must be capable of wetting and penetrating into the bundles 

of fibres which provide the reinforcement, replacing the 

dead air spaces therein and offering those physical 

characteristics capable of enhancing the performance of 

fibres.  

. Ceramic Matrices 

Ceramic fibres, such as alumina and SiC (Silicon 

Carbide) are advantageous in very high temperature 

applications, and also where environment attack is an issue. 

Since ceramics have poor properties in tension and shear, 

most applications as reinforcement are in the particulate 

form (e.g. zinc and calcium phosphate).  

Ceramic Matrix Composites (CMCs) used in very 

high temperature environments, these materials use a 

ceramic as the matrix and reinforce it with short fibres, or 

whiskers such as those made from silicon carbide and boron 

nitride.  

G.4 Reinforcement 

The role of the reinforcement in a composite material 

is fundamentally one of increasing the mechanical 

properties of the neat resin system. All of the different fibres 

used in composites have different properties and so affect 

the properties of the composite in different ways. For most 

of the applications, the fibres need to be arranged into some 

form of sheet, known as a fabric, to make handling possible. 

Different ways for assembling fibres into sheets and the 

variety of fibre orientations possible to achieve different 

characteristics.  

G.5 Interface 

It has characteristics that are not depicted by any of 

the component in isolation. The interface is a bounding 

surface or zone where a discontinuity occurs, whether 

physical, mechanical, chemical etc. The matrix material 

must ―wet‖ the fibre. Coupling agents are frequently used to 
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improve wettability. Well ―wetted‖ fibres increase the 

interface surfaces area.  

To obtain desirable properties in a composite, the 

applied load should be effectively transferred from the 

matrix to the fibres via the interface. This means that the 

interface must be large and exhibit strong adhesion between 

fibres and matrix. Failure at the interface (called debonding) 

may or may not be desirable.  

H. Types of composite materials  

The composite materials are broadly classified into 

the following categories are  

H.1 Fiber-Reinforced Composites 

Reinforced-composites are popularly being used in 

many industrial applications because of their inherent high 

specific strength and stiffness. Due to their excellent 

structural performance, the composites are gaining potential 

also in tribological applications. In this type composite the 

second phase is in the form of fibers dispersed in the matrix 

which could be either plastic or metal.  

The volume fraction (Vf) varies from a few 

percentage to as high as 70%. Usually the fiber 

reinforcement is done to obtain high strength and high 

modulus. Hence it is necessary for the fibers to posses‘ 

higher modulus than the matrix material, so that the load is 

transferred to the fiber from the matrix more effectively.  

H.2 Dispersion Hardened Material  

In this type of material, fine particles of sizes 

ranging from 0.01μm to 0.14μm are dispersed in matrix. 

Their concentration varies from 1% to 15% by volume. 

These fine particles impede dislocation movement in the 

material and therefore result in very high strength. Also 

these materials posses improved high temperature strength 

and creep resistance. 

 

I.  Natural fiber composites  

1.9.1Initiative in Product Development 

Natural fibres are lignocelluloses in nature. These 

composites are gaining importance due to their non-

carcinogenic and bio-degradable nature [6-9]. The natural 

fiber composites can be very cost effective material 

especially for building and construction industry (panels, 

false ceilings, partition boards etc.) packaging, automobile 

and railway coach interiors and storage devices. This also 

can be a potential candidate in making of composites, 

especially for partial replacement of high cost glass fibers 

for low load bearing applications.  

However in many instances residues from traditional 

crops such as rice husk or sugarcane bagasse or from the 

usual processing operations of timber industries do not meet 

the requisites of being long fibers. This biomass left over are 

abundant, and their use as a particulate reinforcement in 

resin matrix composite is strongly considered as a future 

possibility. 

 

Large varieties of sugar cane grow abundantly in 

many parts of India. Cane is crushed in a series of mills (Fig 

1.2), each consisting of at least three heavy rollers. Due to 

the crushing, the cane stalk will break in small pieces, and 

subsequent milling will squeeze the juice out.  

The juice is collected and processed for production 

of sugar. The resulting crushed and squeezed cane stalk, 

named bagasse, is considered to be a by-product of the 

milling process [10]. Bagasse is essentially a waste product 

that causes mills to incur additional disposal costs. 

 
Fig. 1.1 Current technological process for extraction of sugar juice from 

cane in a sugar cane mill 

Bagasse is a fibrous residue that remains after 

crushing the stalks, and contains short fibers (Fig. 1.3). It 

consists of water, fibers, and small amounts of soluble solids. 

Percent contribution of each of these components varies 

according to the variety, maturity, method of harvesting, and 

the efficiency of the crushing plant. Table 1.3 shows a 

typical bagasse composition [10]. 

 
Fig. 1.2 Bagasse 

Table 3 Average Bagasse Composition 

Bagasse is mainly used as a burning raw material 

in the sugar cane mill furnaces. The low caloric power of 

bagasse makes this a low efficiency process. Also, the sugar 

cane mill management encounters problems regarding 

regulations of ―clean air‖ from the Environmental Protection 

Agency, due to the quality of the smoke released in the 

atmosphere. Presently 85% of bagasse production is burnt. 

Even so, there is an excess of bagasse. Usually this excess is 

deposited on empty fields altering the landscape. 

Approximately 9% of bagasse is used in alcohol (ethanol) 

production. 

 Ethanol is not just a good replacement for the fossil 

fuels, but it is also an environmentally friendly fuel. Apart 

from this, ethanol is a very versatile chemical raw material 

from which a variety of chemicals can be produced [11].      

But again, due to the low level of sucrose left in 

bagasse, the efficiency of the ethanol production is quite 

low. With increasing emphasis on fuel efficiency, natural 

fibers such as bagasse based composites enjoying wider 

applications in automobiles and railway coaches & buses for 

public transport system. There exist an excellent opportunity 

in fabricating bagasse based composites towards a wide 

array of applications in building and construction such 

boards and blocks as reconstituted wood, flooring tiles etc. 

value added novel applications of natural fibers and bagasse 

based composites would not go in a long way in improving 

the quality of life of people engaged in bagasse cultivation, 

but would also ensure international market for cheaper 

substitution.  

Visualizing the increased rate of utilization of 

natural fibers the present work has been undertaken to 

develop a polymer matrix composite (epoxy resin) using 

bagasse fiber as reinforcement and to study its mechanical 

properties and environmental performance. The composites 

are to be prepared with different volume fraction of bagasse 

fibers. The composites are then to be treated at different 

environment such as subzero, steam, saline water and 
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natural conditions for various time lengths. The change in 

weight, volume and dimensions are to be studied for various 

treatments. Shear strength of the composites has to be 

evaluated by three point bend test.  

The volume fraction of composites having greater 

mechanical properties is to be taken for the second phase of 

experimentation. The second group of samples will involve 

bagasse fiber surface treatments, namely (i) unwashed 

bagasse, (ii) unwashed and treated with acetone, (iii) 

washed and treated with acetone. The treated fibers along 

with the samples with highest mechanical properties with 

washed fibers already manufactured will be taken for 

comparison of mechanical properties subjecting them to 

different environmental treatments. Micro structural 

examinations will be made to ascertain the fracture behavior 

of the composite.  

Keeping all this in view the entire work has been divided 

into five chapters. In the second chapter work related to 

present investigations available in literatures are presented. 

I..2 Introduction of Mango seed 

Mango seed, an abundant residue of the food 

industry, was used in its natural form (MS) and protonated 

form (AMS) as a bio sorbent for the removal of Victazol 

Orange 3R (VO-3R) dye from its aqueous solutions. These 

bio sorbents were characterized by Infrared Spectroscopy 

(FTIR), Scanning Electron Microscopy (SEM), and by 

nitrogen adsorption/desorption curves.  

Optimization of the effects of the initial pH of the 

dye solution, bio sorbent dosage and contact time between 

the dye and the bio sorbents on the bio sorption capacities of 

the bio sorbents was studied. Based on an error function 

(Ferror), the general order kinetic model provided the best 

fit to the experimental data when compared to the pseudo-

first order and pseudo-second order kinetic bio sorption 

models.  

The equilibrium data were fitted to Langmuir, 

Freundlich and Liu isotherm models. For both bio sorbents, 

the equilibrium data were best fitted to the Liu isotherm 

model. Finally, the mechanism of bio sorption involving 

VO-3R and lignin–cellulose was evaluated using the hybrid 

quantum mechanical/molecular mechanical (QM/MM) 

approach and molecular dynamic (MD) simulations.  

 

 

 

 

 

METHODOLOGY 

3.1 MATERIALS AND METHODS 

3.1.1 Raw Materials 

Raw materials used in this experimental work are 

listed below:  

1. Natural fiber (Bagasse)  

2. Natural fiber (Mango seed)  

3. Epoxy resin  

4. Hardener  

I..2 Bagasse fiber  

 

 The sugar cane bagasse is a residue widely 

generated in high proportions in the agro-industry. 

It is a fibrous residue of cane stalks left over after 

the crushing and extraction of juice from the sugar 

cane.  

 Bagasse is generally gray-yellow to pale green in 

color. It is bulky and quite non uniform in particle 

size. The sugar cane residue bagasse is an 

underutilized, renewable agricultural material that 

consists of two distinct cellular constituents.  

 The first is a thick walled, relatively long, fibrous 

fraction derived from the rind and fibro-vascular 

bundles dispersed throughout the interior of the 

stalk. The second is a pith fraction derived from the 

thin walled cells of the ground tissue.  

 The main chemical constituents of bagasse are 

cellulose, hemi cellulose and lignin. Hemi cellulose 

and cellulose are present in the form of hollow 

cellulose in bagasse which contributes to about 70 

% of the total chemical constituents present in 

bagasse.  

 Another important chemical constituent present in 

bagasse is lignin.  

 Lignin acts as a binder for the cellulose fibers and 

also behaves as an energy storage system. In the 

present work volume fractions of bagasse fibers 

(5%, 10%and 20% by weight) have been taken as 

reinforcement in the polymer matrix.  

I..3 Natural fiber (Mango seed)  

 

 Mango (Mangifera indica L.), is a tropical or 

subtropical fruit that belongs to the family of 

Anacardiaceous. About 20% of fruits are processed 

for products such as pure, nectar, leather, pickles 

and canned slices. Mango seed kernel is a major 

By-product during mango processing. 

 Mango seed kernel is not currently utilized for 

commercial purpose; it is discarded as a waste and 

becomes a source of pollution. It has been reported 

that the extract from mango seed kernel has 

significant antioxidant and antimicrobial activities 

and contains a number of valuable compounds such 

as poly phenols, arytenoids, enzymes and dietary 

fibre. 

 The main bioactive compound of mango seed 

kernel is poly phenols that have desirable 

biological properties, such as strong antioxidant. 

Ultrasound-assisted extraction has become a well 

established method in the processing of plant 

material due to its high efficiency, low energy and 

water consumption.  

 Ultrasonic treatment is time saving and enhance the 

extraction of phenolic compounds. Ultrasound can 

also release considerable amount of undesirable 

components, these by-products might run into 

extraction medium, resulting in a lower percentage 

of polyphenols in extract. 

 So the effective, economical and valuable 

separation methods need to be developed for 

ultrasound-assisted extraction. Aqueous two-phase 

system has been proved to be an effective 

separation and purification method for bioactive 

substances.  

 Aqueous two-phase system has several advantages, 

such as bio-compatibility, simple and eases to 

scale-up. Conventional aqueous two-phase system 
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is prepared by mixing the solution of polymers 

(e.g. polyethylene glycol; PEG) and salts (e.g. 

phosphate or sulphate). 

 Recently, a novel aqueous two-phase system, 

consists of small molecular water-soluble alcohol 

and salts-water solution was reported.  

 The water soluble alcohol-salts aqueous two-phase 

system has several advantages over polymer-salt 

aqueous two-phase system, for example, the 

subsequent processes is quite simple, the extracted 

target material and solvent can be recovered with 

distillation.  

 Therefore, water soluble alcohol-salts aqueous two-

phase separation system is an ideal technique to 

improve ultrasound-assisted extraction of 

polyphenols. 

 In present work, a novel extraction method 

involving ultrasound-assisted extraction combined 

with propyl-alcohol ammonium sulfate aqueous 

two-phase separation was developed for the 

extraction of polyphenols from mango seed kernel.  

 The extraction conditions were optimized by 

response surface methodology (RSM), based on a 

five levels, four variables central composite design 

(CCD).The proposed method was compared with 

conventional ultrasound extraction method. 

I..4. Epoxy resin  

 Softener (Araldite LY 556) made by CIBA 

GUGYE limited having the following outstanding 

properties has been used as the matrix material.  

 a. Excellent adhesion to different materials.  

 b. High resistance to chemical and atmospheric 

attack.  

 c. High dimensional stability.  

 d. Free from internal stresses.  

 e. Excellent mechanical and electrical properties.  

 f. Odorless, tasteless and completely nontoxic.  

 g. Negligible shrinkage.  

I..5 Hardener  

In the present work hardener (HY951) is used. This has a 

viscosity of 10-20 MPa at 25ºc.  

J.Preparation of composites 

The following procedure has been adopted for the 

preparation of the specimen.  

J..1. Bagasse fiber preparation 

 Fresh bagasse fibers were collected after they were 

crushed for extracting juice by using a hand 

crushing machine.  

 These fibers were then spread on a water proof 

sheet to reduce the moisture content.  

 After approximately two weeks, the long bagasse 

fibers were shortened into a length of 10mm, 

breadth of 1mm and width of 1mm with a pair of 

scissors. 

 Small size fibers were selected in order to design a 

composite with consistent properties.  

 Due to the low moisture content of the bagasse 

samples, no fungi grew during the storage.  

 The bagasse samples were then cleaned via 

pressurized water for about one hour. This 

procedure removes fine bagasse particles, sugar 

residues and organic materials from the samples. 

Then the fibers were dried with compressed air.  

J.2. Composite preparation 

 A wooden mold of dimension (300x300x3) mm 

was used for casting the composite sheet.  

 The first group of samples were manufactured with 

5, 10, 20 % volume fraction of fibers.  

 For different volume fraction of fibers, a calculated 

amount of epoxy resin and hardener (ratio of 10:1 

by weight) was thoroughly mixed with gentle 

stirring to minimize air entrapment.  

 For quick and easy removal of composite sheets, 

mold release sheet was put over the glass plate and 

a mold release spray was applied at the inner 

surface of the mold.  

 After keeping the mold on a glass sheet a thin layer 

(≈ 2 mm thickness) of the mixture was poured. 

Then the required amount of fibers was distributed 

on the mixture.  

 The remainder of the mixture was then poured into 

the mold. Care was taken to avoid formation of air 

bubbles.  

 Pressure was then applied from the top and the 

mold was allowed to cure at room temperature for 

72 hrs.  

 This procedure was adopted for preparation of 5, 

10 and 20% fiber volume fractions of composites.  

 After 72 hrs the samples were taken out of the 

mold, cut into different sizes and kept in air tight 

container for further experimentation. 

J.3. Experimental process 

By powdering the natural fibers Sugarcane Bagasse and 

Mango seed and then adding Epoxy resin and hardener with 

that powder, the pattern is formed. Hardener is used for 

hardening the pattern. The pattern is analyzed 

experimentally. And then deformation, stress and strain has 

to be found for the pattern by using the ansys software 

theoretically. 
 

II. EXPREMENTAL STEUP 

 

.A. Expremental 

A mixture of mongo seed and sugarcane bagasse is 

mixed .As it has fibre,dust and moisture present in it has to 

be pre washed. The mixture of mango seed and sugarcane 

bagasse is chemically pre washed using sodium hydroxide 

(NaOH).  

 

The mixture is then dried and powdered and the 

mixture is combined is various ratios (30:70, 40:60, 50:50, 

60:40, 70:30) etc. The various ratios is mixed, with epoxy 

resin and the mixture is heat treated to 80-85 
0
c for 24 hours. 

 

The mixture is then made in to a square pattern 

(300*300mm) and the mixture is compacted in a 

compression molding machine. The pattern with various 

compositions shows various strengths and hardness ratio. 

 

B.  materials and method 

The material used in evaluation of the sugar  cane 

residue and mango seed, commonly known as ―bagasse‖ 

originating from the mills located near the city. It was 

evaluated as composite, Which is  particulate  and  resin 

composites. The resin employed was polyurethane based on 

mammon oil, type bi-component and the reaction time was 

of 25 minutes. The resin with pre-epoxy will be used with  
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1:2  feature  to  produce  the  panels,  with  one  part  of pre-

polymer  based  on  di-isocyanate  and  2  parts  of  polyol. 

One of the resins is done by cold curing process, which can 

be accelerated by increasing the temperature  up  to  80°C  

without  losing  its  properties. 

 Because   the   group   of   derivatives   usually   

applies   this temperature, 85ºC was chosen, thus generating 

less energy in the fabrication process of panels. 

 

B.1 Drying 

The bagasse is submersed in  room temperature  

water to remove saccharose and impurities, afterwards it is 

removed and dried, a shown in Fig. 3. 
 

 
Figure 4.1.shows the sugarcane bagasse. 

B.2 Treatment 

Pre-forming Method (PF) is the composite is 

produced by hot-pressing pre-forms of resin-pasted fiber 

slivers. First, to arrange the fibers better than in DM, curaua 

fiber slivers are wound and stretched around a metal-lic 

plate. Next, resin is applied to the slivers using a small brush. 

Finally, the pre-forms of fibers embed-ded in resin are dried 

at 80 
0
C for 24 h and cut into the mold dimensions.  

 An example  of  a  fabricated pre-form is shown in 

Fig. Afterwards, a pair of the dried pre-forms is inserted into 

the metallic mold and pressed by 6.54 MPa at 80-85 
0
C for 1 

h. The heating process is then  stopped  and  a  pressure  of 

13.1 MPa is applied to it until the temperature nearly 

achieves room temperature. This process is depicted 

schematically in Fig.4.3 Tensile test of composites.Axial 

tensile  tests  were  carried  out  for  all  fabricated 

composites.   

To avoid stress  concentration,  before  the 

experiment, aluminum plates with edges angled at 45 
0
were 

attached with epoxy adhesive on both ends of all composites.  

The  gage  length  of  the  composite  specimens  was 300 

mm. A strain gage was fixed at the center of each specimen 

for measuring uniaxial strain and calculating Young‘s 

modulus. Tensile tests were carried out for the composite 

specimens  using  an  Instron-type  testing  machine. Cross 

head speed of the testing  machine  was  1 mm/min. 

 
Figure 4.2. shows the compressive moulding method. 

 

IV. RESULT ANALYSIS 

 

A.  Experimental results 

 

Tensile and compressive properties of green 

composites fabricated usingthe newly proposed methods 

Table shows results of tensile test and compressive of 

untreated fiber composites fabricated using  compressing 

molding   methods. All values shown there are averages. 

The values of tensile and compressive strength show that 

natural composites are the strongest, fol-lowed by PF 

composites.  

DM composites show the lowesttensile strength value. 

Fig. 7 shows the surfaces of composites   fabricated using 

the respective methods. This figure clarifies that fiber 

arrangement on the surface of DM composites is not as 

good. This poor fiber arrangement is probably caused by 

shrinkage of resin that occurs because of evaporation of 

waterincluded in the resin.  We consider, however, that the 

shrinkage of resin does not aff ect the fiber alignment.  

Dispersion of fibers in the cross-sectional area of 

specimensis quite similar. Therefore, it is inferred that the 

reasonfor the high tensile strength level achieved by 

composites is mainly related to their improvement on fibers‘ 

longitudinal  alignment.  For  that  reason,  we  can  

stronglyrecommend the compressive method for developing 

a well-orientedfiber green composite. In addition, the 

Young‘s modulusof composites was the highest; it achieved 

impressive36 GPa,  which  is  a  value  comparable  to  that  

of  someGFRPs  such as Polyester + 50% Glass fibers, 

whichhas  a  Young‘s  modulus  of  38 GPa.   

The  fracture  strainvalue of composites was the 

highest. Therefore, we conclude thatcompressive  method is 

a useful fabrication method for increasing thestrength of 

natural fiber green composites. Despite the highstrength  of  

composites. The value of fracture strain achieved by the 

green composites was quite lower in comparison to that of 

fibers. Based on the fracture strain achieved by  composites 

with high volume fraction, we can say that the fracture 

strain of fibers is some value between 1.1% and 1.5%. 

Tensile properties of alkali-treated fiber composites 

Table  4  shows  tensile  properties  of  green  composites 

reinforced  by  alkali-treated  fibers.  All  values  are  shown 
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as averages. The tensile strengths of composites were, 

respectively. These values are almost equal to that of their 

untreated fiber composites. On the other hand, the fracture 

strain of alkali-treated fiber composites was much larger 

than those of untreated-fiber composites. Therefore, it is 

concluded that 10 wt% NaOH alkali treatment for fibers 

increases the composite toughness without any decrease in 

strength.  

According to tensile test results of fibers treated in 

15 wt% NaOH showed a larger fracture strain than that 

treated in 10 wt% NaOH solution. Consequently, it is 

expected that alkali treatment with a more  concentrated  

solution  would  increase  the  fracture strain of the 

composites. This result might be attributable to a chemical 

structure change in the cellulose that is inherent in the fibers 

because cellulose molecular chains  in  the  micro fibrils  

lose  their  crystalline  structure locally as a result of the 

alkali treatment. This crystalline structure loss might be 

attributable to partial conversion of cellulose I into cellulose 

II, which occurs during mercerization .  Despite  the  slight  

decrease  in  tensile strength,  the  fracture  strain  of  treated  

fiber  composites increased to almost three times that of 

untreated fiber composites. That great increase in fracture 

strain may also be related  to  an  increase  in  amorphous  

cellulose  region  of curaua. 

(a) The  area  under  the  stress–strain of  10% NaOH 

treated composites is 3.3 times larger than that of 

untreated composites.These results prove that 

toughness of green composites was greatly increased 

by highly concentrated alkali treatment.The  increase  

in  toughness  is  directly  related  to improvement in 

fracture strain which is achieved through a  chemical  

change  of  the  fiber‘s  structure.  This  change 

increases the amount of cellulose II in the portion of 

cellulose I, and the Young‘s modulus of cellulose. 

Discussion Mechanical testing results showed that 

tensile strength of 10 wt% alkali treated fiber 

composites is nearly equal to that of untreated fiber 

composites. However, the tensile strength of 10 wt% 

alkali treated single fibers is much lower than  that  of  

untreated  single  fibers.  
 

 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Table-4  Impact Value 

 

Table-5 Shows the tensile test result 

 
 

Table-6 Shows the compressive test result 

 

 
 

 

 

Sl.No. Sample Number Izod Impact Value for 3 mm 

Thick Specimen in J 

1 I11 0.30 

2 I12 0.20 

3 I13 0.25 

4 I21 0.25 

5 I22 0.25 

6 I23 0.20 

7 I31 0.25 

8 I32 0.25 

9 I33 0.25 

10 I41 0.25 

11 I42 0.25 

12 I43 0.25 

13 I51 0.50 

14 I52 0.40 

15 I53 0.20 
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A.1 Method of approach 

Although the structural  calculation procedure help to 

identify the characteristic of pattern model  .The structural 

analysis help to calculate the performance very accurately at 

any point over  the pattern model .And all so calculating the 

stress, strain, and displacement of the pattern model in 

various load condition(500N,600N,700N).  

Here is used the finite volume method (FVM) to 

solve this problem. The pattern model mesh is developed by 

using commercial software ANSYS   (version 12.0).The 

geometry of the pattern model is imported from the iges 

format. For structural analysis over the profile its solid 

pattern model is alone meshed. Solid mesh is done using tri 

pave elements. 
The problem is then initialized and analyzed .once 

the solution is converged the stress and strain (tensile and 

compressive load) are obtained. Stress and strain, 

displacement are calculated at different loading condition 

(compressive and tensile load). 

 

IV. CONCLUSION 

 

This study aim is to investigate the mechanical 

properties of the Sugarcane Bagasse and Mango seed 

composites. In this work, the mechanical properties of the 

Sugarcane Bagasse and Mango seed composites. Design a 

mould and the plate specimen preparation by Compression 

molding technique using the natural fibers Sugarcane 

Bagasse and Mango seed powder. Alkali treatment of the 

Sugarcane Bagasse and Mango seed powder using NaOH. 

To determine the tension, compression and impact strength 

of pattern specimen by experimental analysis. Software 

analysis done using ANSYS and calculating the stress, 

strain and deformation in varies load condition. Comparison 

of the experimental results with ANSYS. 

 

REFRENCES  

(1) Y.R. Loh, D. Sujan, M.E. Rahman, C.A. Das 

―Sugarcane bagasse—The future composite 

material: A literature review‖ 2013 

(2)  D. Bachtiar, S.M. Sapuan , M.M. Hamdan ―The 

effect of alkaline treatment on tensile properties of 

sugar palm fibre reinforced epoxy composites‖ 

2007 

(3) V.Vilay a, M.Mariatti, R. Mat Taib Mitsugu Todo 

―Effect of fiber surface treatment and fiber loading 

on the properties of bagasse fiber–reinforced 

unsaturated polyester composites‖ 2008 

(4) Daniella Regina Mulinari, Herman J.C. Voorwald, 

Maria Odila H. Cioffi, Maria Lucia C.P. da Silva, 

Tessie Gouvea da Cruz , Clodoaldo S(aron 

―Sugarcane bagasse cellulose/HDPE composites 

obtained by extrusion‖ 2009 

(5) Yanjun Xu, Qinglin Wu, Yong Lei, Fei Yao 

―Creep behavior of bagasse fiber reinforced 

polymer composites‖  2010 

(6)  E. F. Cerqueira, C. A. R. P. Baptista, D. R. 

Mulinari ―Mechanical behaviour of polypropylene 

reinforced sugarcane bagasse fibers composites‖ 

2011 

(7) E. F. Rodrigues, T. F. Maia, D. R. Mulinari 

―Tensile strength of polyester resin reinforced 

sugarcane bagasse fibers modified by 

estherification‖ 2011 

(8) Antonio Jorge Parga Silva1, Francisco Antonio 

Rocco Lahr, Andre Luis Christoforo, Tulio Hallak 

Panzera ―Properties of Sugar Cane Bagasse to Use 

in OSB‖ 2012 

(9) Mohammad Ghofrani Habib Noori  Amir Nazari 

―Study on the Practical Characteristics of Bagasse-

Poplar Composite Board‖ 2010. 

(10) Punyapriya Mishra and S. K. Acharya  ―Solid 

particle erosion of Bagasse fiber reinforced epoxy 

composite‖ 2010. 

(11)  D. Ray, B.K. Sarkar, A.K. Rana, N.R. Bose ―The 

mechanical properties of vinylester resin matrix 

composites reinforced with alkali-treated jute 

fibres‖ 2001. 

(12) Alexandre Gomes, Takanori Matsuo, Koichi Goda, 

Junji Ohgi ―Development and effect of alkali 

treatment on tensile properties of curaua fiber green 

composites‖ 2007. 

(13) Jochen Gassan and Andrzej K. Bledzki ―The 

influence of fiber-surface treatment on the 

mechanical properties of jute-polypropylene 

composites‖ 1997. 

(14)  Faris M. AL-Oqla, S.M. Sapuan ―Natural fiber 

reinforced polymer composites in industrial 

applications: feasibility of date palm fibers for 

sustainable automotive industry‖ 2013. 

  


