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Abstract— The modern dynamic world can’t imagine its 

development without bringing the concept of advancement in 

material composite. Various researches are going on in this 

field to achieve the desired standard. Natural fiber reinforced 

composite has a huge affinity to replace the composite made 

up of synthetic fiber. This is primarily because of the points 

of interest like light weight, non-harmful, non-grating, simple 

accessibility, minimal effort, and biodegradable properties. 

The engineered fibres have higher end of mechanical 

properties like rigidity and tensile modulus anyway the 

particular mechanical properties like tensile modulus and 

other particular (properties/particular gravity) of natural fiber 

gives a delightful outcome for composites when compared 

with manufactured fiber based composites. The objective of 

the present study is to investigate the mechanical behavior of 

RICE HUSK AND EGG SHELL fiber reinforced epoxy 

based composites. Rice husk and egg shell fibers with 

different length and contents are reinforced in epoxy resin to 

fabricate composite materials. The effect of fiber length and 

content on the mechanical behaviour of composites is studied. 
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I. INTRODUCTION 

India endowed with an abundant availability of natural fiber 

such as egg shell, pineapple, Rice husk, banana etc. has 

focused on the enhancement of natural fiber reinforced 

composites initially to explore various commercial aspects. 

Such Natural fiber polymer composites (NFPC) are well 

suited in automotive and transportation industry. This 

enhancement of NFPC in India targets two major aspects one 

is of reducing. 

A. Composite Material 

Composite material can be characterized as the material 

which is made out of at least two distinct materials, on full 

scale with various properties to shape another material with a 

property that is completely unique in relation to the individual 

constituents. The essential phase of a composite material is 

known as a matrix having a constant character. 

 The matrix can be understood as a binder which 

keeps the fiber strings together which helps in exchanging the 

outer load to reinforcement; matrixes are not so much hard 

but rather more ductile in nature. 

Points of interest of NFPC over synthetic fiber based 

composites are as per the following: 

1) High quality of strength to weight proportion 

2) High quality of strength at lifted temperatures 

3) High creep protections and high sturdiness 

4) High toughness 

5) Good adaptability towards flexibility 

B. Reason to Study Composites 

Over the past years composite materials, plastics and 

ceramics have been the dominant emerging materials. 

Already growth in application of NFPC has increased both 

for industrial as well as for domestic purpose because 

composites have been proved as weight forest resources and 

another is of ensuring good economic returns for natural 

fibers cultivation. The developments in composite material 

after meeting the challenges of aerospace sector have 

cascaded down for catering to domestic and industrial 

applications. NFPC are the nature friendly materials and 

scientists all over the world are focussing their attention on 

natural composites reinforced with egg shell, pineapple etc. 

primarily to cut down the cost of raw materials. 

C. Composition of Composite Material 

Composites consist of two phase’s matrix and a 

reinforcement which is added for providing the strength and 

stiffness to the matrix. 

D. Matrix 

Many materials when they are in a fibrous form exhibit very 

good strength property but to achieve these properties the 

fibers should be bonded by a suitable matrix. Main purpose 

of Matrix is to hold fibers in their respective position also it 

prevents formation of surface flaws between fibres. 

Purposely expectation form a good matrix is that it should 

possess good deformability for applied load and can easily 

transfer the load onto the fibers and evenly distributive stress 

concentration. 

E. Reinforcement 

Defined role for reinforcement in NFPC is to increase the 

mechanical properties of fresh resin system. Composites 

consists of fibers with different properties, this affects 

composites properties in different ways. For numerous 

applications, arrangement of fibres in form of sheet (fabric) 

is necessary to make handling possible. Different orientations 

are possible of fibres to achieve different characteristics of 

NFPC. 

F. Interface 

It has characteristics that are not depicted by any of the 

component in isolation. Interface is a zone where physical, 

mechanical, chemical etc. discontinuity occurs. Fibre strings 

must be wetted all over by the matrix material since this 

wetting helps in increasing the interface surface area. It is 

desirable that applied load transformation must be effectively 

done from matrix to fibres with the help of interface. Hence 

it means that interface should be large and must show strong 

adhesiveness between fibre and matrix. If failure occurs due 

to any reason at interface (debonding) it is not the desirable 

parameter. 

G. Classification of Composites 

Based on the matrix used, composite material can be divided 

into three types - 

1) Metal Matrix Composite (MMC) 

Those composites which constitute metallic matrix in their 

composition are known as MMC (Al, Mg, Fe, Co, Cu). 
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2) Polymer Matrix Composite (PMC) 

These composites constitute a matrix of combination as 

epoxy thermosetting (unsaturated polyester, epoxy) or 

thermoplastic (nylon, polystyrene) and embedded glass 

carbon, steel or Kerler fibres (dispersed phase). 

3) Ceramic Matrix Composite (CMC) 

These are the composites consisting of ceramic combined 

with a ceramic dispersed phase. 

Based on the type of reinforcing material they can be 

classified into the following categories: 

4) Particle Composites 

Particle fortified composites comprise of a framework 

strengthened by a scattered stage as particles. It can be both 

of irregular introduction or favoured introduction. 

5) Fibrous Composites-Short Fiber 

They comprise of a lattice fortified by a scattered phase as 

irregular fibres both of arbitrary or favoured orientations. 

6) Long Fiber Composites 

They comprise of a lattice fortified by a scattered phase as 

continuous fibres. They can be either unidirectional or 

bidirectional. 

7) Laminate Composites 

When a fiber fortified composite comprises of a few layers 

with various fiber orientations, it is called multilayer 

composite. 

 Rice husk demonstrates the mechanical properties 

which are comparable to that of wood. Rice husk indicates 

better mechanical properties when contrasted with fibres, for 

example, sisal, banana, vakka and so forth. Rice husk can be 

utilized as a part of an alternate shape to incorporate a 

composite item. These can be either in a type of a long strip, 

entire Rice husk, areas, and short Rice husk fibres. The 

determination of their fiber kind relies on the property to be 

conferred in the composite. Longer Rice husk strips are 

utilized as a part of making basic composite that is utilized as 

a part of vehicle material, shorter Rice husk filaments are 

utilized as a part of making of medium thickness fiberboard, 

handle Rice husk are comprised of Rice husk vaneer and 

medium measured Rice husk piece can be utilized for making 

of Rice husk drop board. Studies are going ahead to decide 

the possibility of utilizing Rice husk for strengthening 

concrete with level symmetric structure choices and smooth 

surface from a mix of Rice husk , Rice husk strips and wood 

facade particles that assume an imperative part as new 

material and is utilized for concrete formwork. 

H. Different Types of Fiber 

 
Rice Husk Fiber              Egg Shell Fiber 

 
Corn Fiber                    Coir Fiber 

 
Banana Fiber                Sisal Fiber 

Fig. 1: Different types of Fiber 

I. Objective of Research Work 

The knowledge gap in the present literature review has helped 

us to set the objectives of this research work which are pointy 

highlighted below: 

 Fabrication of another class of epoxy based 

composites strengthened with Rice husk and egg shell fibres. 

 Evaluation of mechanical properties, for example, 

compressive, impact, rigidity and hardness and so on. 

 To think about the impact of various fiber weight of 

Rice husk and egg shell on mechanical conduct of Rice husk 

and egg shell fiber strengthened epoxy based composites. 

II. LITERATURE REVIEW 

This chapter deals with the consideration based on which the 

present work is being carried out. The purpose is to establish 

the study of mechanical properties of randomly oriented egg 

shell and Rice husk fiber composites. In fiber fortified 

polymer composite, the strengthening can be both of fibrous 

or can be non-fibrous type. On the off chance that the fiber 

utilized as a part of the composite is gotten from the normal 

assets like creatures or plants, at that point the fiber is said to 

be natural fiber and the composite is said to be regular fiber 

strengthened polymer composite. Numerous a times, it 

happens that the mechanical conduct of a NFPCs don't gives 

a persuading result and has demonstrated conflicting qualities 

much of the time. The impact strength of a composite when 

reinforced with a Rice husk fiber has been studied by several 

investigators for different fiber length and fiber content and 

optimum property has been reported. Egg shell fibres are 

observed to be great in improving the fiber grid attachment 

and along these lines mechanical properties in egg shell fiber. 

In 2014, the research on the boiled egg shell and rice husk 

composite fiber was also carried out by national Karpaga 

vinayaga college of Engineering & Technology. And the 

result is that the surface roughness value (Ra) is obtain in coir 

of length of 30 mm , 10% wt of fiber content and  15% wt of 

hybrid particles. 

A. The Learning Gap 

Through a broad writing survey, it has been watched that 

despite the fact that the writing is wealthy in the investigation 

of mechanical conduct of short regular fiber reinforced 
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composites, anyway the exact and correct impact of Rice 

husk and egg shell fiber strengthened polymers composites 

on mechanical properties is scarcely been found. Composites 

have been a field of great interest in the last two decades and 

a lot of researchers are working in this area. This turns out to 

be imperative to talk about the noticeable works identified 

with the polymer composites and their properties. The reason 

for writing survey is to give foundation data on the issues to 

be considered in this thesis and to underscore the pertinence 

of the present investigation. Different parts of polymer 

composites have been considered with reference to 

advancement and in addition portrayal of polymer 

composites. 

III. MATERIALS & METHODOLOGY 

This part manages the materials that are utilized as a part of 

the present examine and the techniques by which these 

materials are handled. The materials that are utilized as a part 

of the present concern of study are 

A. Material & Equipments 

The composite materials used in the production of the 

specimens include: Rice husk fiber, egg shell fiber, epoxy-

resin (Araldite AW-106 and Hardener HV953IN), waxed 

plastic sheet, release agent, and miscellaneous items. The 

equipment used are weighing balance, cloth, stirrers, 

measuring cylinder. 

B. Rice Husk 

Rice husk (RH) is one of the major agricultural residues 

produced as a by-product during rice processing. Generally it 

has been an issue for rice agriculturists because of its 

protection from deterioration in the ground, troublesome 

processing and low wholesome incentive for animals. As 

indicated by the lignin and hemicelluloses substance of rice 

husk are lower than wood though the cellulose content is 

comparable. 

 For this reason (RH) can be processed at higher 

temperatures than wood. Therefore, the use of rice husk in the 

manufacture of polymer composites is attracting much 

attention. The size of the rice husk powder particle is 500 

micron. 

C. Physical & Chemical Properties of Rice Husk 

S. No Composition Percentage 

1 Bulk density (g/ml) 0.79 

2 Solid density 1.48 

3 Moisture content (%) 5.98 

4 Ash content (%) 48.81 

5 Particle size (mesh) 200-40 

6 Surface area (m2/g) 320.9 

7 Surface acidity (meq/g) 0.15 

8 Surface basicity (meq/g) 0.53 

Table 1: 

 Egg Shell 

The most common fillers for polyester and vinyl ester resins 

is calcium carbonate, which is used to reduce costs as well as 

mould shrinkage. The size of the particles of the egg shell 

powder should be 425 micron. 

D. Material used for Preparation of Specimen 

 
Araldite (Epoxy Resin and Hardener) Egg shell powder 

 
Rice husk powder 

Selection of rice husk and egg shell powder particles size 

 
Fig. 2: 

E. Preparation of Moulds 

Moulds were prepared by cutting the GI sheet and then 

folding, pressing and welding it in the required 

dimensions.GI sheets is used because of the safe fabrication 

of fibers. For the purpose of Anti-Adhesion, waxed plastic 

sheet were used inside the mould. Mould were prepared of 

the dimension of 35cm x 30cm x 2cm. By the help of mould 

the composite fiber were be prepared and after that it would 

be cuted and grinded into the desired dimensions for the 

different testing according to the ASTM. 

 
Fig. 3: 

 Preparation of composites: Dry Rice husk strands 

were brought from agriculture college jabalpur and egg shell 

filaments were purchased from the neighborhood showcase, 

Jabalpur as chips. The rice husk strands were then 

additionally left to be dried for seven days. Epoxy resin and 

hardener were likewise purchased from the nearby tool shop. 

 For the purpose of testing, in total 8 specimens were 

prepared (2 specimens for Tensile, 2 specimens for Bending 

, 2 specimens for Impact and 2 for Compressive), Fiber 
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weight is made constant throughout the process. The Ratio of 

Resin and Hardener is 10:1 

S.no. Specimen for testing Dimensions 

1 Bending test 130 x 18 x 15 

2 Compression Test 68 x 67 x 20 

3 Impact Test 55 x 10 x 20 

4 
Tensile Test(dog bone 

shape) 

165 x 19 x 10 

[57 x 13 span- dog 

bone shape] 

Table 2: 

 Type 1: 50-50% fiber & epoxy (by weight) 

Mix the rice husk powder and egg shell powder with epoxy 

resin and har a dner in a 50-50 % ratio in a small drum. 

Pour the mixture in the mould. 

Put the anti-adhesion waxed plastic sheet as a cover and then 

compact the mixture by applying the weight 35-40 kg for 2 

days. 

 Type II: 40–60% fiber & epoxy (by weight) 

Mix the rice husk powder and egg shell powder with epoxy 

resin and har a dner in a 40-60% ratio in a small drum. 

Pour the mixture in the mould. 

Put the anti-adhesion waxed plastic sheet as a cover and then 

compact the mixture by applying the weight 35-40 kg for 2 

days. 

 
Formed composites fiber        Specimen for bending test 

 
Specimen for impact test          Specimen for tensile test 

Fig. 4: 

IV. MECHANICAL TESTING OF COMPOSITES 

Tensile Test: The tension test is generally performed on flat 

specimens. The most generally utilized example geometries 

are rectangle shape specimen and straight-sided specimen 

with end tabs as appeared in fig 3.The tensile tests were 

conducted by the ASTM D 3039-76 standard on a 

Computerized Universal Testing Machine. The traverse 

length of the test specimen utilized was 30 mm. The tests 

were performed with a steady strain rate of 2 mm/min. 

 
Fig. 5: Tensile Test 

 
Fig. 6: Result: Tensile strength of different specimens 

 Results show that tensile strength of rice husk and 

egg shell composite has attained maximum value of   55.2 

Mpa, at NTP; on comparing to other natural fibres composites 

the result attained is better. The malleable properties 

estimated in the present work are all around contrasted and 

different prior agents. The ductile modulus demonstrates the 

relative solidness of a material and would thus be able to be 

acquired from stress strain graph. 

 Flexural Test 

Flexural test were performed using 3-point bending test 

according to ASTM D790-03 standard procedure. Specimens 

were loaded in three points bending with recommended span 

to depth ratio of 16:1 as shown in fig. The specimens were 

tested at a crosshead speed of 2 mm/min. The test was 

conducted on the same machine used for tensile testing. 

 
Fig. 7: Flexural Test on UTM Machine 

 
Fig. 8: Result: Bending strength comparison 
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 Results show that bending strength of rice husk and 

egg shell composite has attained maximum value of   696.080 

Mpa, at NTP; on comparing to other natural fibres composites 

the result attained is better. 

 Compressive Test 

Compression strength of the fibreboard container measured 

as a maximum load that can be applied to it under specified 

conditions before it is crashed. Compressive strength is the 

maximum compressive stress that, under a gradually applied 

load, a given solid material can sustain without failure. 

Compression test were also carried out in universal testing 

machines. 

 
Fig. 9: Compression Test 

 
Fig. 10: Result: Compressive Test 

 Results show that bending strength of rice husk and 

egg shell composite has attained maximum value of   50.227 

Mpa, at NTP; on comparing to other natural fibres composites 

the result attained is better. 

 Impact Test 

Impact strength of a material is portrayed as the property of a 

material by virtue of which the material limits it break under 

pressure connected at rapid. Impact strength of a polymer 

composite material is completely related to its toughness in 

general. The instrument used for affect test is Charpy Impact 

Testing with weight inclined at a state of 45 degree. 

Impact Energy (I) is calculated by the formula 

I=mg h 

Where, 

I=Impact energy in joule 

m=mass of hammer used=21Kg 

g=acceleration due to gravity=9.81 m/s2 

h=Difference in heights before and after test 

 
Fig. 11: Impact Test 

 
Fig. 12: Result: Impact strength comparisons 

 Results show that bending strength of rice husk and 

egg shell composite has attained maximum value of   14 

Joules, at NTP; on comparing to other natural fibres 

composites the result attained is better. For the most part the 

impact strength of composite materials increments with the 

expanding fiber content anyway the lower estimations of 

impact strength at higher structure of fiber might be a result 

of inappropriate grip between the grid and the strands. Higher 

substance of fibers in composite requires higher grid material 

however it isn't probably going to be so. Subsequently it is 

more probable that matrix can't exchange load to its fibers. 

V. CONCLUSION 

This region of research can be stretched out to other 

fluctuating size of rice husk and egg shell strands keeping in 

mind the end goal to accomplish the coveted mechanical 

properties in composite materials. 

 Rice husk and egg shell composite fiber can also be 

fabricated for different orientations of fibers such as 00, 450 

and 900. Epoxy based rice husk and egg shell can also tested 

in the form of matrix. 

 Rice husk and egg shell fibers are recently is very 

attractive topic for the researchers. Fabrication of rice husk 

and egg shell fibers in the form of matrix with four variation 

and with 6 moulding techniques. The rice husk is to be also 

taken as husk form rather than fiber for future research. 
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