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BACKGROUND
• The recent research and development in the field ofmaterials science and technology focuses attention towardsthe potential utilization of biodegradable materials invarious applications.
• The development of ecofriendly materials of any kind isnecessary for new demands.necessary for new demands.
• The development of composite materials utilized to solvetechnological problems is one of the most significantadvances in the field of materials science.
• Today, composite materials appear to be the choice formany engineering applications.
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• In the present work, natural and synthetic fibers are to beselected as reinforced fibers and then hybrid fibercomposites are to be fabricated by different manufacturingtechniques.
• The physical, mechanical and tribological performances ofthese hybrid fibers reinforced composites are to be

SCOPE OF THE STUDY

these hybrid fibers reinforced composites are to besystematically evaluated and studied.
• Furthermore, the effects of hybrid fibers on wearmechanism are to be studied based on the worn surfacesmorphologies.
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• Over the past several years, many material scientists and
formulation designers studied on the appropriate
combination of reinforced fibers for tribological
applications.

• The fundamental problem of incorporating and selecting the

PURPOSE OF THE STUDY

• The fundamental problem of incorporating and selecting the
right combination of reinforced fibers tribological
applications for has not yet been properly addressed, and
which needs further research.
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INTRODUCTION
A composite is a structural material that consists of two

or more combined constituents that are combined at a
macroscopic level and are not soluble in each other. One
constituent is called the reinforcing phase and the one
in which it is embedded is called the matrix.in which it is embedded is called the matrix.

[Ref: Autar K. Kaw]
Reinforcement+ Matrix = Composite
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CLASSIFICATION OF COMPOSITE 
MATERIALSBased on the matrix materials

 Metal Matrix Composites (MMCs)

 Ceramic Matrix Composites (CMCs)

 Polymer Matrix Composites (PMCs): Polymer Matrix Composites (PMCs):
Generally, polymer can be classified into two classes, thermoplastics

and thermosettings.

Based on the types of reinforcement, polymer can be classified as
particulate reinforced polymer composite and fibre reinforced
polymer composites (FRPCs).
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 FRPCs are composed of natural and synthetic fibers which can be
manufactured with or without the application of filler material.

 FRPCs are mainly categorized as natural fiber composites (NFCs) and
synthetic fiber composites (SFCs).

Major drawbacks of synthetic fiber compositesMajor drawbacks of synthetic fiber composites
 Though the composites made from synthetic fibers possess high

strength, the field of application is restricted because of their higher
cost of production and low biodegradability.cost of production and low biodegradability.

 Although SFCs have excellent mechanical properties but the process
of disposal is very difficult due to severe environmental concern and
process of recycling of these composites has been serious problems.

 Health problems during processing of composites like skin irritation,
allergy, respiratory problems etc. 8



NATURAL FIBER COMPOSITES 
The increasing demand for green, environment friendlyhas resulted in new natural fiber based materials asreplacements for non-degradable materials.
Due to significant weight savings and low cost of rawmaterials the automobile industry begun to apply naturalfiber composites in a variety of exterior and interiormaterials the automobile industry begun to apply naturalfiber composites in a variety of exterior and interiorapplications.
The usage of natural fiber based composite materials isgrowing during recent years due to their specificproperties, clearly positive environmental impact,economical production, processing and their safe handlingand working conditions.
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COMMONLY USED NATURAL FIBRES AND 
MATRICES FOR POLYMER COMPOSITES 

Source: Sanjay M R "Potential of Natural/Synthetic Hybrid Composites for Aerospace Applications" In book. Sustainable Composites for Aerospace Applications. WoodheadPublishing UK (ELSEVIER, UK), 2018, pp. 315-351. 10
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CHEMICAL COMPOSITIONS OF SOME NATURAL FIBERS 
Fiber Cellulose (wt.%) Hemicelluloses (wt.%) Lignin (wt.%) Wax (wt. %) Moisture Content (%) Ash (wt.%) 

Prosopis juliflora 61.65 16.14 17.11 0.61 9.48 5.2
Acacia leucophloea 68.09 13.60 17.73 0.55 8.83 -
Sanseviera cylindrica 79.7 10.13 3.8 0.09 3.08 -
Agave 68.42 4.85 4.85 0.26 7.69 -
Areca 53.2 32.98 7.2% - - -
Bamboo 33-45 30 20-25 - - -
Borassus 53.40 29.6 17.00 - - -
Banana 60-65 6-8 5-10 - - 1.2
Jute 59-71 12-13 11.8-12.9 - - 0.7
Sisal 60-67 10-15 8-12 - - 0.14-0.87
Kenaf 31-72 20.3-21.5 8-19 - - -
Pineapple leaf 70-83 - 5-12.7 - 11.8 -
Century plant 71.65 22.24 6.09 - - -
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MECHANICAL AND PHYSICAL PROPERTIES OF SOME 
FIBERS 

Fiber Density (g/cm3) Tensile strength(MPa) Young’s modulus (GPa) Elongation at break (%)
Jute 1.23 325-770 37.5-55 2.5
Flax 1.38 700-1000 60-70 2.3

Hemp 1.35 530-1110 45 3
Ramie 1.44 915 23 3.7

Banana 1.35 721.5-910 29 2
Bagasse 1.2 290 17 1.1
Areca 1-1.1 147- 322 3.5-5.7 10.1-13.2

Pineapple 1.5 1020-1600 71 0.8
Kenaf 1.2 745-930 41 1.6
Coir 1.2 140.5-175 6 27.5
Sisal 1.2 460-855 15.5 8

Abaca 1.5 410-810 41 3.4
Cotton 1.21 250-500 6-10 7
Nettle 1.51 650 38 1.7

13Yashas Gowda T.G.et,al (2019)



HYBRID COMPOSITES
 The word “hybrid” is derived from Greek- Latin origin and can be

defined as the material composed of different mixture of matrices
combined with two or more reinforcing and filler material.

 The important advantage of using hybrid composite is that, since it is
made up of more than one fiber if any one fiber lacks certainmade up of more than one fiber if any one fiber lacks certain
characteristics it can be complemented by other fiber and also
balance in cost and performance of this type of composite could be
obtained by proper material design considerations.

 Better results could be obtained by hybrid composites depending
upon various properties like individual fiber length, structure of
fiber, fiber content and its orientation, fiber to matrix bonding, fibers
arrangement and finally dependent on the failure strain of each fibers
in composite. 14
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REVIEWREVIEW ON MECHANICAL PROPERTIES OF ON MECHANICAL PROPERTIES OF 
NATURAL FIBER HYBRID COMPOSITESNATURAL FIBER HYBRID COMPOSITES

Natural/Hybrid fiber Matrix polymer Fabrication 
Technique

Property Evaluated References

Coir/glass fiber Polyester Close mold Fiber alkali treatment, water 
absorption property J. Rout et al. 

Oil palm empty fruit 
bunch/ glass fiber

Phenol-
formaldehyde(PF) Hand layup Tensile, flexural and impact properties, 

hardness, density and void formation
M.S. Sreekala et 

al. 

Banana/glass fiber Phenol-
formaldehyde(PF)

Hand layup, 
Compression 

moulding
Adhesion between fibre and matrix, 

Tensile properties, Flexural behaviour, 
Impact behavior

S. Joseph et al. 

Biofibre (pineapple 
leaf fibre/

sisal fibre)/ glass fibre
Unsaturated

polyester Hand layup
Tensile, Flexural and impact strength, 

fibre–matrix interaction, water 
absorption property

S. Mishra et al.

Banana/Hemp/glass 
fibers Epoxy Mold layup Tensile, flexural and impact strength, 

SEM analysis
R. Bhoopathi et 

al. 16



Glass/natural fiber Epoxy vinyl ester Hand layup Tensile strength, Flexural strength G. Cicala et al. 

Kenaf/glass fiber Epoxy
Modified sheet 

molding compound 
(SMC)

Tensile, flexural, impact strength, M.M. Davoodi et 
al. 

Sisal/jute/GFRP Epoxy Hand layup
Tensile, flexural and impact 
properties, scanning electron 
microscopy (SEM) analysis

M. Ramesh et al. 

Curaua/glass fiber Orthophthalic 
polyester

Hot Compression 
moulding Tensile, flexural and shear proper J.H.S. Almeida 

Junior et al. 

Sugar palm/ glass fiber Unsaturated
polyester Hand layup Tensile, flexural and impact strength, 

SEM analysis S.M. Sapuan et al.

Flax/glass fiber Phenolic resin Compression 
moulding Tensile and interfacial properties Y. Zhang et al. 
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REVIEWREVIEW ON MECHANICAL PROPERTIES OF ON MECHANICAL PROPERTIES OF 
NATURAL FIBER HYBRID COMPOSITES NATURAL FIBER HYBRID COMPOSITES 

Mechanical behaviour of woven fabrics based composites depends on the type of weave, fabric
weave is one of the important fundamental weaves. Textile bio composites can be tailored to
satisfy the specific needs of mechanical performance as well as adequate structural integrity of
composite structures at microstructure level 18



Sanjay, M.R. and Yogesha, B., 2018. Studies on hybridization effect of jute/kenaf/E-glass 
woven fabric epoxy composites for potential applications: Effect of laminate stacking 

sequences. Journal of Industrial Textiles, 47(7), pp.1830-1848. 19
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Dinesh, S., Elanchezhian, C., Vijayaramnath, B., Sathiyanarayanan, K. and Adinarayanan, A., 
2019. Experimental investigation of banana bract fiber and palm fiber reinforced with epoxy 

hybrid composites. Materials Today: Proceedings.



Arpitha, G.R., Sanjay, M.R., Senthamaraikannan, P., Barile, C. and Yogesha, B., 2017. 
Hybridization effect of sisal/glass/epoxy/filler based woven fabric reinforced composites. 

Experimental Techniques, 41(6), pp.577-584.
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• Mechanical properties of
composites made with
coarse fibre and fine
fibre have not changed
significantly. Mechanical
of coarse fibre
sandwiched with glass
fibre composites is more
when compared to that of
pure areca fibre
composites

Stress–strain curves of composites made with fine 
fibre (FF),Coarse fibre (CF) and coarse fibre with 
glass fibre(CF+GF)

MuralidharMuralidhar, N., , N., KaliveeranKaliveeran, V., , V., ArumugamArumugam, V. and Reddy, I.S., 2019. A Study on , V. and Reddy, I.S., 2019. A Study on Areca nut Husk Fibre Extraction, Composite Panel Preparation and Mechanical Areca nut Husk Fibre Extraction, Composite Panel Preparation and Mechanical Characteristics of the Composites. Journal of The Institution of Engineers (India): Characteristics of the Composites. Journal of The Institution of Engineers (India): Series D, pp.1Series D, pp.1--11.11.
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Variation in tensile and flexural strength of sisal fibre reinforced 
composites with various matrices on varying fibre weight% 

Senthilkumar, K., Saba, N., Rajini, N., Chandrasekar, M., Jawaid, M., Siengchin, S. and 
Alotman, O.Y., 2018. Mechanical properties evaluation of sisal fibre reinforced polymer 

composites: a review. Construction and Building Materials, 174, pp.713-729. 23



EPOXY
o Effective strength.
o Good toughness.
o Appreciable resilience.
o Good resistance to moisture and chemical attack.
o Great electrical insulating properties   and is devoid of volatile matter. 
o They can be cured at ambient temperature without any pressure 

by using a curing agent or may be heat cured. 
o They can be bonded to nearly all materials like wood, 

glass, natural fibers, and metal. 
o They exhibit little or no shrinkage after curing. 

• Epoxy resin has excellent adhesion to a large number of materials and 
could be further strengthened with the addition of fibre.
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•• . . 

The strength of areca fiber composites increases with increase in volume fraction of fibres in the 
composite and post composite curing time.
SrinivasaSrinivasa, C.V. and , C.V. and BharathBharath, K.N., 2011. Impact and hardness properties of areca , K.N., 2011. Impact and hardness properties of areca fiberfiber--

epoxy reinforced composites. J Mater Environ epoxy reinforced composites. J Mater Environ SciSci, 2(4), p.351e6, 2(4), p.351e6
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Saba, N., Tahir, P. and Jawaid, M., 2014. A review on potentiality of 
nano filler/natural fiber filled polymer hybrid composites. Polymers, 

6(8), pp.2247-2273.
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REVIEW ON APPLICATIONS OF NATURAL FIBER HYBRID REVIEW ON APPLICATIONS OF NATURAL FIBER HYBRID 
COMPOSITES COMPOSITES 

Potential Application Examples

Automobile, Transportation and Aviation
Door panels, seatbacks, headliners, dash boards, car door, pallets, trunk liners,decking, parcel shelves, spare tyre covers, other interior trim, spare-wheel pan,trim bin, automobile and railway coach interior, boat

Building and construction industry Railing, bridge, siding profiles, panels for partition and false ceiling, partitionboards, wall, floor, window and door frames, roof tiles, mobile or pre-fabricatedbuildings which can be used in times of natural calamities such as floods, cyclones,buildings which can be used in times of natural calamities such as floods, cyclones,earthquakes, etc,.
House hold and utility products Table, chair, fencing elements, door panels, interior panelling, Window frames,door-frame profiles, food tray, partition
Electronics appliances Mobile cases, laptopscases
Sports & leisure goods Tennis Racket, ball, bicycle, frames, snowboards
Storage devices Post-boxes, grain-storage silos, bio-gas containers etc.,

Furniture Chair, table, shower, bath units
Every day applications Lampshades, suitcases, helmets 27
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OBSERVATIONS  
Plant based natural fiber composites have been demonstrated as an
important alternative material for synthetic fiber reinforced polymer
matrix composites due to their biodegradable nature.
 Increased utilization of natural fiber as reinforcement for composite
materials can diminish the use of synthetic fibers and reduce greenhouse
gas emissions.gas emissions.
Hybridization with multiple natural and synthetic fiber reinforcements
has been recognized as a potential technique to fabricate composites.
Moreover, it can enhance certain mechanical properties.
Incorporation of different natural fibre polymers with synthetic fibres
leads to increase the applications and replace the non-renewable
materials in the field of engineering and technology.
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TRIBOLOGY
• Tribology is the greek word ‘tribo’ means rubbing and ‘logy’ means knowledge. Therefore tribology is the study of friction mechanism between two solid surfaces which have relative motion between them.
• There are clear economic and environmental incentives to • There are clear economic and environmental incentives to aggressively pursue the development of the new materials that can reduce friction and wear. 
• Friction and wear cost the economy a staggering amount of money ,energy and materials each year.
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Cause and effect diagram of tribological properties.
Hemanth, K.T., Swamy, R.P. and Chandrashekar, T.K., 2011. Taguchi technique for the 

simultaneous optimization of tribological parameters in metal matrix composite. Journal of 
Minerals and Materials Characterization and Engineering, 10(12), p.179. 33



OBJECTIVES OF THE WORK 
To fabricate epoxy based hybrid composites reinforcedwith natural and synthetic fibers along with differentlaminate stacking sequences.
To evaluate mechanical properties such as tensile,flexural, inter-laminar shear strength (ILSS), impact andmicro-hardness characteristics of composites.flexural, inter-laminar shear strength (ILSS), impact andmicro-hardness characteristics of composites.
To evaluate the physical properties such as density andvoid fraction of composites.
To examine the interfacial properties of the fracturedlaminates using scanning electron microscopy (SEM).
To apply design of experiments to understandTribological behaviour of the composites.
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Areca                                                                              Kenaf

35Kevlar                                                      Carbon                                   Kevlar- Carbon Hybrid 



Flax - Carbon - Basalt
Sample No Sequence/Layer Matrix

1 2 3 4
1 F F F F BE
2 F F F F E
3 C F F C BE
4 C F F C E
5 B F F B BE
6 B F F B E

Areca - Carbon - Basalt

36

Areca - Carbon - Basalt
Sample No Sequence/Layer Resin

1 2 3 4
1 A A A A BE
2 A A A A E
3 C A A C BE
4 C A A C E
5 B A A B BE
6 B A A B E



Flax - Carbon - Kevlar - Hybrid CK
Sample No Sequence/Layer Resin

1 2 3 4
1 F F F F

EPOXY
2 C F F C
3 K F F K
4 H F F H
5 C C C C
6 K K K K
7 H H H H

Areca- Carbon - Kevlar - Hybrid CK
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Areca- Carbon - Kevlar - Hybrid CK
Sample No Sequence/Layer Resin

1 2 3 4
1 F F F F

EPOXY
2 C F F C
3 K F F K
4 H F F H
5 C C C C
6 K K K K
7 H H H H
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CONCLUSION
• The hybrid composites developed with the combination of natural and

synthetic fibres shows enhanced mechanical strength and finds
application in higher loading tribological applications.

• The effect of layering sequence of hybrid composites also has its• The effect of layering sequence of hybrid composites also has its
influence over the properties of the composites.

• It is found that only very little work has been done using natural fiber
based hybrid composites in different matrix systems on tribological
characteristics.

• Replacing existing synthetic materials from natural/bio based
materials can reduce the impact on environmental issues . 40



PROGRESS OF THE WORK
 Literature review done and Based on the review one journal

Paper and one book chapter is published.
 Selection of Materials and fabrication of the composites using

synthetic and Natural fibres.
 Mechanical Characterization of the Prepared composites, SEM , Mechanical Characterization of the Prepared composites, SEM ,

TGA completed.

WORK TO BE DONE 
 Design of Experiments for conducting Tribology tests.
 Analysing the results obtained and publishing paper.
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