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Abstract

The fibre-reinforced polymer composite is widely used in engineering applications and
there is an increasing need to understand the mechanical and tribological behaviour of such
composites. Due to increase in environmental awareness, the world attracts towards the
utilization of natural materials. The natural/renewable fibresare widely used for the
fabrication of fibre-reinforced polymer composites.The natural fibre reinforced composites
have low weight & free from health hazard. The banana fibre falls in natural fibre
category.The banana fibre is a lingo-cellulosic fibre. It has high strength, light weight,
smaller elongation, fire resistance quality, strong moisture absorption quality, great
potentialities and biodegradability. The banana fibre based composites are extensively used
in automobile industries for the production of under floor safety panels in luxurious cars
like Mercedes. The key objective of this study is to investigate the effect of fibre length, fibre
loading and % wt of filler content Aluminium Oxide (Al.O3) on mechanical properties
tensile strength and hardness) of banana fibre reinforced polymer composites. After the
testing it has been observed the properties and characteristics improved.

Keywords: Banana fibre, length of fibre, fibre loading, Al,O3; mechanical properties

INTRODUCTION

There is a wide range of materials that are available for the manufacturing of different parts or
products. These materials are broadly classifiedas: (a) Metals (b) Polymers (c) Ceramics (d)
Composites. In recent days various light weight materials with excellent mechanical and
tribological properties are available for various engineering applications. One of the examples in
this category is the composite material [1]. Composites have many applications in the field of
engineering and technology i.e. civil construction, marine, automotive, aerospace, turbine blades,
telecom equipment’s, turbine blades, because of their excellent corrosion resistance and strength
to weight ratio. etc. [2]. A composite consists a mixture of two or more than two constituents
with an interface that separate them. The separate constituent is known as reinforcement while
continuous phase is known as matrix. If the reinforcement is fibre then it is named as Fibre
Reinforced Polymer (FRP) composites [3].

Due to the high strength, stiffness, light weight, low coefficient of friction, high thermal
conductivity, excellent fracture resistance and low electrical resistivity, high wear resistance,
vibration damping ability, good corrosion resistance and creep resistance fibre reinforced
polymer composites are widely used in the field of aircraft, space, satellites, automobiles, ships,
civil infrastructure etc. [4].The natural fibre reinforced composite also called bio composite or
eco-composite is an emerging area in modern engineering. The natural fibre can be used as
substitutes of synthetic fibre particular glass fibre due to growing global environmental and social
concern.The banana fibre falls in natural fibre category. The banana fibre is a lingo-cellulosic
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fibre. It has high strength, light weight, smaller elongation, fire resistance quality, strong moisture
absorption quality, great potentialities and biodegradability [8].

LITERATURE REVIEW

Due to increase in environmental awareness, the world attracts towards the utilization of natural
materials, renewability, recyclability and environmental safety. In the current era, synthetic fibre
(glass, carbon and aramid) are widely utilized for the fabrication of polymer-based composites
[14]. These composites have good mechanical properties like high strength and stiffness
properties but at the same time these composites have serious disadvantages like non-
biodegradable, high initial processing costs, non-recyclable, health hazards issues etc. Due to this,
now a day, researchers give attention towards the natural/renewable fibre for the fabrication of
fibre-reinforced polymer composites for structural, building, and other applications [4]. Many
types of natural fibre have been studied by the researchers for the fabrication of polymer
composites such as sisal, pineapple, jute and banana.

The banana fibre is a lingo-cellulosic fibre. The poly-propylene reinforced banana fibre based
composites is extensively used in automobile industries for the production of under floor safety
panels in luxurious cars like Mercedes.

Therefore, number of researchers investigates the effect of types of fibre, length of fibre, types of
filler material, etc. on mechanical properties, and tribological properties of banana fibre
reinforcement polymer composites. In this section a detailed discussion has been presented
regarding this.

Joseph et al. [8] made compared phenol formaldehyde (reinforced composites) with glass fibre
and banana fibre on the basis of mechanical properties. Banana and glass fibre in different length
and in different weight percentage have been taken for the fabrication of composites. The
optimization of fibre loading and length of fibre for maximum tensile, flexural and impact
strength has also been carried out. It has been revealed that as the fibre loading and length of fibre
increases, the mechanical properties of both fibre also increases.

Chen et al. [6] fabricated sandwich composites using natural fibre to study the wet properties,
thermal properties and mechanical properties. The DMA result shows the uniform composite
feature and higher softening temperature 1400 C & melting temperature 1600 C, that shows for
manufacturing high performance automotive components it is very important the right selection
of bonding fibre.

Idicula et al. [18] examined the static and dynamic mechanical properties of banana/ polyster
hybrid fibre reinforced composites. It has been revealed that mechanical properties of fabricated
composites increase with increase in percentage weight of fibre in composites. The composites
having volume ratio of banana and sisal 3:1 has the maximum tensile strength. Different layering
patterns were tried at volume fraction of 40 %, keeping the volume ratio of fibre 1:1.

Wonderly et al. [19] compared the tensile strength and impact strength of carbon fibre vinyl ester
andbiaxial glass fibre/vinyl ester composites. It has been found that the mechanical properties of
vinyl ester / carbon fibre/ composite are superior as compared to biaxial glass fibre/vinyl ester
composites. It has also been recommended that carbon fibre based composite has been found
better as compared to glass fibre based composite for building a ship.

Suresha et al. [25] fabricated E-glass woven fabric reinforced vinylester composites to study the
three-body abrasive wear behavior of 2-D & 3-D and mechanical properties. The mechanical tests
for tensile strength, tensile modulus and elongation have been conducted. The mechanical
property of 3-D G-V composites has been found much better than 2-D composites. Also, the
abrasive wear for both composite is increased with increase in abrading distance/load.
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FABRICATION AND TESTING OF FIBRE REINFORCEMENT POLYMER

COMPOSITES

In this investigation, for the fabrication of fibre reinforced polymer composites, non-woven
Banana fibre have been used as reinforcement, epoxy resin as matrix material while AlI203 as
filler material. The banana fibre have taken in three lengths viz. 5 mm, 10 mm and 15 mm to the
range of 10 % to 30 % in three steps of the total weight of composite. Similarly, the filler material
i.e. AI203 has been taken to the range of 0-20 % in four steps of the total weight of composite.

Banana fibre:
For fabrication of fibre reinforced polymer composite, non-woven banana fibre is used as
reinforced material. Scientifically banana fibre is known as musaacuminata. The hemi-celluloses,
cellulose, pectin, lignin, and some extractives are the main organic constituents of banana fibre.
The banana fibre has low density as compare to glass fibre. It has high strength, light weight,
smaller elongation, fire resistance quality, strong moisture absorption quality, great potentialities
and biodegradability.

( ',4,."1 »
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Fig 1(a): Pictorial view of uncut Fig 1(b): Pictorial view of chopped
nonwoven banana fibre nonwoven banana fibre

In the present study,Bisphenol-A-Diglycidyl-Ether also called Diglycidyl ether supplied by
Hindoostan Composite Solutions Pvt. Ltd., Mumbai is used as a matrix material. It is commonly
used thermosetting polymeric epoxy resin. The thermosetting polymeric epoxy resin exhibits
superior properties like excellent mechanical, chemical and corrosion resistance properties and
low shrinkage during cure. Therefore, thermosetting polymeric epoxy resins are widely used for
the fabrication of different composites.
The Hinpoxy C Hardener is supplied by Hindustan Composite Solutions Pvt. Ltd., Mumbai, has
been used with Bisphenol-A-Diglycidyl-Ether in the required proportion by weight i.e. 30:100
ratios. The Hinpoxy C Hardener is a modified amine hardener. Table 3.1 shows the properties of
matrix material used in the present work.
Matrix material:
In the present study, Bisphenol-A-Diglycidyl-Ether also called Diglycidyl ether supplied by
Hindoostan Composite Solutions Pvt. Ltd., Mumbai is used as a matrix material. It is commonly
used thermosetting polymeric epoxy resin. The Hinpoxy C Hardener is supplied by Hindustan
Composite Solutions Pvt. Ltd., Mumbai, has been used with Bisphenol-A-Diglycidyl-Ether in the
required proportion by weight i.e. 30:100 ratio. The Hinpoxy C Hardener is a modified amine
hardener. Table 1 shows the properties of matrix material used in the present work.
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Table 1 Ingredients of matrix material

Ingredients | Chemical Density Supplier
name at 250C
Epoxy Bisphenol-A- | 116-120 | Hindustan Composite Solutions Pvt. Ltd., Mumbai
Resin Diglycidyl- (g/cm3)
Ether
Hardener | Amine 0.94- Hindustan Composite Solutions Pvt. Ltd., Mumbai
0.95
(g/ml)

Filler material: Aluminium oxide or Alumina is the most cost effective and widely used ceramic
material and widely used for the fabrication of composites as filler material.

Specimen preparation method: In this work, banana reinforced polymer composites in different
proportions of fibre, matrix and filler have been fabricated using Hand lay-up method. The Hand
lay-up method is the simplest method for the fabrication of composites and requires minimum
infrastructural. This method requires only (i) Wooden mould (ii) Silicon Spray (iii) Brush (iv)
bucket (v) Mould release sheet (vi) hand gloves and (vii) Weights.

Table 2 Fabricated Composites

Composite Designation Fibre Matrix (wt Filler
(Wt %) %) (Wt %)

Banana Epoxy (5 mm length) (B1) 10 90 0
Banana Epoxy (10 mm length) (B2) 10 90 0
Banana Epoxy (15 mm length) (B3) 10 90 0

20 80 0
Banana Epoxy (B4) (10 mm length)

30 70 0
Banana Epoxy (B5) (10 mm length)
10% AI203 filled Banana Epoxy (10 mm length) 20 0 10
(B6)
15% AI203 filled Banana Epoxy (10 mm length) 20 65 15
(B7)

20 60 20
20% AI203 filled Banana Epoxy (10 mm length) (B8)

Testing of composites: To identify the best combination of length of fibre, % reinforcement, %
filler and % epoxy for the fabrication of banana reinforced polymer composites, mechanical tests
such as hardness, tensile strength, flexural, impact strength have been conducted.

Hardness Test: The resistance to penetration or scratch is called hardness. The Rockwell
hardness of all fabricated composites have been carried out on Rockwell hardness tester
machine.The hardness tests have been conducted according to ASTM: E-18. In this static
indentation test, a diamond indenter having diameter 120-degree diamond cone has been forced
into the specimen. The area of indentation and applied load gives the hardness of the specimen.
The minor load and major load for measurement of hardness has been taken as 10kgf and 150 kgf
respectively.
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Fig 2(a): Hardness tester (b): Specimen after the measurement of hardness

The hardness for each specimen has been repeated at two different locations. Finally, mean of all
two hardness has been considered for that sample. The photographic view of hardness tester is
shown in figure 2 (a) while figure 2 (b) shows the specimen after the measurement of hardness.
Tensile strength:The tensile strength of all fabricated banana reinforced polymer composites
have been evaluated using universal testing machine. Flat specimens have been fabricated for the
tensiletest having dimensions 120 mm x 10 mm and 80 mm x 10 mm, respectively.

Fig 3(a): Universal testing machine for tensile (b): Test specimen for tensile test
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Effect of fibre length on mechanical properties of unfilledbanana reinforcement polymer
composites: Initially, as shown in table 2, two unfilled banana reinforced polymer composites (B1
and B2) with different fibre length and in the same ratio of fibre loading and matrix have been
fabricated. After that mechanical testings have been carried out on these specimens to identify
the best fibre length for the fabrication of composite. The tensile testing and hardness have been
carried out to investigate the effect of fibre length on mechanical properties of fabricated banana
reinforced polymer composites.

Tensile strength

The graph shows the values of tensile strength of B1, B2 and B3. The graphical representation of
the mean value of tensile strengths for B1 B2 and B3 is shown in figure 3.
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Fig. 3 Impact of fibre length on tensile strength
It has been revealed from the figure that tensile strength initially increases with increase in fibre
length from 5 mm to 10 mm, after that it decreases with further increase in fibre length. As the
fibre length increases, the contact area of fibre with resin also increases, which results in strong
bonding between the fibre and resin, hence increase in tensile strength of composite [42]. Also,
short fibre shows more debonding in composites as compared to long fibre in composites, which
further increases the tensile strength of long fibre based composites [43]. Further increase in fibre
length in composite, increases the fibre curling, bundling, and entanglement. Due to this, proper
distribution of resin between the fibre may not occur. This reduces the transfer of stress from one
point to other point in fibre composites, which results in decrease in tensile strength of the fibre
composites [44].
Among the B1, B2 and B3, the maximum tensile strength of banana reinforced polymer
composite has been achieved with 10 mm banana fibre length (B2).
Hardness
The hardness of the composites depends on the bonding of fibre with resign. The figure 4 shows
the graphical representation of the hardness of composites (B1, B2 and B3).

108



‘m Proceedings of RTU (ATU) TEQIP Il Sponsored “3" International Conference on
) New and Renewable Energy Resources for Sustainable Future”-Feb 11 to 13, 2021

=
jaa)
=
=
==
—_—

—
o
e
5]
—
=
=]
—_

B2

Composites

Fig. 4 Impact of fibre length on hardness

From the figure it has been revealed that hardness of composites increases with increase in fibre
length from 5 mm to 10 mm. It is because of the strong bonding between the fibre and resin.
Further increase in fibre length, increases the fibre curling, bundling, and entanglement in
composite. This reduces the proper bonding between the fibre and resin, results in decrease in
hardness of the composite [44]. The maximum hardness has been achieved with 10 mm fibre
length based composites (B2) among B1, B2 and B3 composites.

From the analysis of mechanical properties, i.e. tensile strength and hardness of unfilled banana
reinforced polymer composites having different fibre length, i.e. B1, B2 and B3, it has been
revealed that banana reinforced polymer composite having 10 mm fibre length (B2) has been
exhibited excellent mechanical properties among B1, B2 and B3. Therefore 10 mm length of
banana fibre has been selected for the fabrication of unfilled banana fibre reinforced polymer
composites with different fibre loading (B4 and B5) and AI203 filled banana reinforced
composites (B6, B7 and B8).

Effect of fibre loading on mechanical properties of unfilled banana reinforcement polymer
composites

In the present work, three unfilled banana reinforced polymer composites (B2, B4 and B5) have
been fabricated in the different weight % of fibre loading and resign. After that mechanical
testings have been conducted on these composites to identify the best weight % of fibre loading.
Tensile strength of unfilled composite

The bonding between the fibre and matrix depends on the fibre interface area and
increases with increase in fibre loading. The graphical representation of the mean value of tensile
strengths for B2 B4 and B5 is shown in figure 5.

From the figure it is visible that tensile strength initially increases with increase in fibre
loading from 10% to 20%. Further increase in fibre loading decreases the tensile strength of the
composite. The maximum tensile strength is achieved with 20% fibre loading (B4).

The tensile strength of B2 composite is low because of the less fibre interface area. Also,
in the fibre reinforced composites, the failure takes place due to brittle nature of the composite.
The brittleness of composite increases with decrease in fibre loading. The brittle nature of the
composite offers less resistance for the development of cracks The composite with less fibre
loading exhibit more brittleness [27]. Further increase in % weight of fibre in the composite (B4)
increases the fibre interface area which increases the tensile strength of the composite. Also,
ductility of composites increases with increase in fibre loading. Beyond the certain limit, further
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increase in fibre loading in composite (B5) decreases tensile strength due to incomplete adhesion
at the entire surface because of fibre- fibre interaction and improper wetting of fibre [12].
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Fig. 5 Impact of fibre loading on tensile strength

Hardness of unfilled composite

The resistance to wear of any material directly depends on the hardness of that material.
The figure 6 shows the graphical representation of the mean value of hardness of B2, B4 and B5
composites. From the figure it is cleared that hardness of composites initially increases with
increase in fibre loading from 10% to 20%. This is because of the better bonding of matrix with
the reinforcement materials. Strong bonding between the fibre and matrix increases the stress
transfer from one point to another and prevent the crack formation [14]. That increases the
indentation resistance of the matrix. Further increase in fibre loading decreases the hardness of
composite (B5). It is due to improper bonding between the fibre in the matrix and improper
wetting of fibre [12].
Effect of % weight of Al2O3 on mechanical properties of filled banana reinforcement
polymer composites
As mention above, among the B1, B2, B3, B4 and B5, the B4 (having 10 mm fibre length and 20
% banana fibre) has been exhibited excellent mechanical properties. Therefore this combination
is selected for the fabrication of AI203 filled banana reinforced polymer composites (B6, B7 and
B8) in different weight percentage of AI203. After that mechanical testings have been conducted
on these composites for the selection of best composite among the all fabricated composites for
further analysis.
Tensile strength
The graphical representation of tensile strength of B4, B6, B7 and B8 composites has been shown
in figure 7. It has been revealed from the table and figure that tensile strength increases with
increase in percentage weight of Al,Os filler particles from 0 wt% to 10 wt% . It is due to presence
of Al203 particles in the composites. The Al,O3 particles increase the interfacial surface area for
bonding and decrease the porosity, resulting in strong bonding between the fibre, matrix and filler
[36].
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Fig. 7 Impact of filler loading on tensile strength

That improves the tensile strength of the composite. Also, during the tensile loading, transfer of
stress from matrix to particles takes place, the particles act as mechanical interlocking between
fibre and matrix, which offer resistance for the crack formation and propagation resulting increase
in the tensile strength [38]. Further increase in percentage weight of Al,Os particles (beyond 10%)
in composite decreases the tensile strength. The sharp edges of filler particles acts as stress raiser.
These sharp edges create discontinuity in transfer of stress across the interface of filler and matrix,
resulting in stress concentration and early initiation of the failure process [38]. Also, large
interfacial surface area increases and the percentage of matrix decreases with increase in
percentage weight of filler in composite. Due to lack of matrix, inadequate bonding takes place
between the filler, matrix and fibre in the composite which reduces loads transfer capacity of the
composite [36], hence decreases the tensile strength of the composite.
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Hardness
The figure 8 shows the hardness of unfilled banana fibre reinforced polymer composite (B4) and
Al,Os (B6, B7 and B8) filled composites.
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Figure 8: Hardness of unfilled banana fibre

CONCLUSION AND FUTURE SCOPE

The main objective of this work is to investigate the effect of fibre length, fibre loading and % wt
of filler content on mechanical tensile strength and hardness behaviour.

The investigation of the effect of fibre length, fibre loading and % wt of filler content on
mechanical and erosion behavior of banana fibre reinforced polymer composites has led to the
following conclusions:

The variation in length of banana fibre, % wt of fibre loading and % wt of filler material affects
the mechanical properties tensile strength and hardness of unfilled banana reinforcement polymer
composites.

The mechanical properties increase with increase in fibre length from 5 mm to 10 mm. Further
increase in length of fibre beyond 10 mm leads to decrease in mechanical properties. The best
mechanical properties of banana fibre reinforced polymer composites has been achieved with 10
mm fibre length.

The mechanical properties of the banana fibre reinforced polymer composites increases with
increase in fibre loading from 10 wt % to 20 wt %. Further increase in banana fibre loading
beyond 20 wt% leads to decrease in mechanical properties. The best mechanical properties of
banana fibre reinforced polymer composites has been achieved with 20 wt % fibre loading.

The tensile strength of the banana fibre reinforced polymer composites increases with increase in
filler (AI203) loading from 0 wt % to 10 wt %. Further increase in filler loading beyond 10 % wt
leads to decrease in tensile strength.

The hardness of the banana fibre reinforced polymer composites continuous increases with
increase in percentage weight of AI203 content from 0% to 20%. Maximum hardness is achieved
with 20 percentage weight of Al203 content.

REFERENCES

[1] Suresha, B., Ramesh, B.N., Subbaya, K. M . and Chandramohan, G. (2010), Mechanical
and three body abrasive wear behaviour of carbon epoxy composite with and without
graphite filler, Journal of Composite Materials, 44, 2509-2519.

[2] Shivakumar, K.N., Swaminathan, G. and Sharpe, M. (2006), Carbon/vinyl ester
composites for enhanced performance in marine applications, Journal of Reinforcement
Plastic and Composites, 25 (10), 1101-1116.

112



e

(3]
[4]

[5]
(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Proceedings of RTU (ATU) TEQIP 111 Sponsored “3" International Conference on
New and Renewable Energy Resources for Sustainable Future”-Feb 11 to 13, 2021

Behra, B. K., Pahuja, A., Surabhi and Chaudhari, S. (2001), Hand value of cotton/ banana
union fabric, Asian Textile Journal, 55 (9), 85-91.

Amir, N., Abidin, K. A. Z. and Shiri, F.B. (2017), Effects of Fibre Configuration on
Mechanical Properties of Banana Fibre/PP/MAPP Natural Fibre Reinforced Polymer
Composite, Procedia Engineering, 184, 573 — 580.

El-Tayeb, N.S.M. (2009), Two-body abrasive behaviour of untreated SC and R-G fibre
polyester composites, Wear, 266, 220-232.

Chen, Y., Chiparus, O., Sun, L., Negulescu, 1., Parikh, D. V. and Calamari, T. A. (2005),
Natural fibre for automotive nonwoven composites, Journal of Industrial Textiles, 35(1),
47-62.

Behera, B. K., Shakun, S. and Choudhary, S. (2006), Comparative assessment of the low
stress mechanical properties and sewability of cotton and cotton banana fabrics, The
Asian Textile Journal, 51 (6), 49-55.

Joseph, S., Sreekala, M. S., Oommen, Z., Koshy, P. and Thomas, S. (2002), A
comparison of the mechanical properties of phenol formaldehyde composites reinforced
with banana fibre and glass fibre, Composites Science and Technology, 62(14), 1857-
1868.

Chairman, C. A., Babu, S.P. K., Selvam, M. D., Balasubramanian, K.R. (2011),
Investigation on two-body abrasive wear behaviour of titanium carbide filled glass
fabricpoxy composites a Box Behnken approach, International Journal of Engineering
and Science and Technology, 3(4), 119-129.

Patnaik, A., Satapathy, N., Chand, N. M., Barcola and S. Biswas (2010), Solid particle
erosion wear characteristics of fibre and particulate filled polymer composite, Wear,268,
249-263.

Suresha, B. and Shiva Kumar, K.N. (2009), Investigations on mechanical and two-body
abrasive wear behaviour of glass/carbon fabric reinforced vinyl ester composites,
Material and Design, 30, 2056-2060.

Singh, V.K., Gope, P.C., Chauhan, S. and Bisht, D. S. (2012), Mechanical behaviour of
banana fibre based hybrid bio composites, Journal of Material Environment Science,
3(1), 185-190.

Sakthivel, J. C., Kartikeyan, N. D., Srikanta, R., Prabhu. S. (2005), Unconventional
natural textile fibre, Man-Made textiles in India, 48, 189-190.

Pathak, A. K., Borah, M., Gupta, A., Yokozeki, T., Sanjay and Dhakate, R. (2016),
Improved mechanical properties of carbon fibre/graphene oxide-epoxy hybrid
composites, Composites Science and Technology, 135, 28-38.

Arumugaprabu, V., Uthayakumar, M., Manikandan, V., Rajini, N. and Jeyaraj, P. (2015),
Influence of redmud on the mechanical, damping and chemical resistance properties of
banana/polyester hybrid composites, Materials and Design , 64, 270-279.

Baruch, R. K., Sinha, P. B. and Mehra, P. (1997), Micro structural study of fibre extracted
from wild banana plant by X-ray line broadening analysis, Indian Journal of fibre and
Textile Research, 23, 76-80.

Rawal, P.V. (1999), an experimental study on colour fastness properties of eco-friendly
pigments printed, chemically pre-treated cotton, banana and jute fabrics, Journal of
Textile institution, 69 (4), 25-29.

Idicula, M., Malhotra, S.K., Joseph, K. and Sabu, T. (2005), Dynamic mechanical
analysis of randomly oriented intimately mixed short banana/sisal hybrid fibre reinforced
polyester composites, Composites Science and Technology, 65(7-8), 1077-1087.
Wonderly, C., Grenestedt, J., Fernlund, G. and Elvis (2005), Comparison of mechanical
properties of glass fibre/vinyl ester and carbon fibre/vinyl ester composites, Composite:
B, 36, 417-426.

Khalil, H.P.S.A., Alwani, S.M. and Omar, A.K.M. (2006), Chemical composition,
anatomy, lignin distribution and cell wall structure of Malaysia plant waste fibre, cell
wall tropical fibre, Bio Resources, 1(2), 220-232.

113



Proceedings of RTU (ATU) TEQIP 111 Sponsored “3" International Conference on
New and Renewable Energy Resources for Sustainable Future”-Feb 11 to 13, 2021

[21] Reddy, N., Yang, Y. and Alister, M. (2006), Processability and properties of yarns
produced from cornhusk fibre and their blends with other fibre, Indian journal of fibre
and textile research, 4 (4), 537-542.

[22] Park, D.C., Lee, S.M., Kim, B.C., Kim, H.S. and Lee, D.G. (2006), Development of
heavy duty hybrid carbon—phenolic hemispherical bearings, Composite Structures, 73,
88-98.

[23] Nilza, G., Jastiz-Smith, G., Virgo,J. and Buchanan, V. E. (2008), Potential of Jamaican
banana, coconut coir and bagasse fibre as composite materials, Materials
Characterization, 59, 1273-1278.

[24]  Suresha, B. and Chandramohan, G. (2008), Three body abrasive wear behaviour of
particulate filled vinyl-ester composites, Journal of Material Processing Technology,
200, 306-311.

[25]  Suresha, B., Chandramohan, G., Siddaramaiah, Shivakumar, K.N. and Ismail, M. (2008),
Mechanical and three-body abrasive wear behaviour of three-dimensional glass fabric
reinforced vinyl ester composite, Material Science and Engineering: A, 480, 573-579.

[26]  Barreto, A.C.H., Costa, M.M., Sombra, A.S.B., Rosa, D.S., Nascimento, R.F., Mazzetto,
S.E. and Fechine, P.B.A. (2010), Chemically modified banana fibre: structure,
dielectrical properties and biodegradability, Journal of Polymers and Environment, 18,
523-531.

[27]  Sunil, K.M., Sanjay, K. N., Smita, M. and Lakshmi, U. (2010), Mechanical and fracture
behaviour of banana fibre reinforced Polylactic acid biocomposites, International Journal
of Plastic Technology, 14, 57-75.

[28]  Patnaik, A., Satapathy, A. and Biswas, S. (2010), Investigations on three body abrasive
wear and mechanical properties of particulate filled glass-epoxy composites, Malaysian
Polymer Journal, 5, 37-48.

[29] Basavarajappa, S., Joshi, A. G., Arun, K.V., Kumar, A. P., and Kumar, M. P. (2010),
Three- body abrasive wear behaviour of polymer matrix composites, Polymer Plastic
Technology and Engineering, 49, 08-12.

[30] Biswas, S. and Satapathy, A. (2010), A study on tribological behaviour of alumina filled
glass-epoxy composites using Taguchi experimental design, Tribology Transactions,
53(4), 520-532.

[31] 3l.ldicula, M., Joseph, K. and Thomas, S. (2010), Mechanical performance of short
banana/sisal hybrid fibre reinforced polyester composites, Journal of Reinforced Plastic
and Composite, 29, 12-29.

[32] Mohan, N., Natarajan, S., KumareshBabu, S.P. and Siddaramaiah.(2010), Investigation
on two-body abrasive wear behaviour of silicon carbide filled glass fabric-epoxy
composites, Journal of Minerals & Materials Characterization & Engineering, 9(3), 231-
246.

[33] Deepa, B., Abraham, E., Cherian, B.M., Bismarck, A., Jonny J., Pothan, L.A., Alcides L.
L. and De-Souza, S.F. (2011), Structure, morphology and thermal characteristics of
banana nanofibre obtained by steam explosion, Bio Resource Technology, 102(2), 1988—
1997.

[34] 34. Hanna, W. A., Gharib, F. E. and Marhoon, I. I. (2011), Characterization of
Ceramic Filled Polymer Matrix Composite Used for Biomedical Applications, Journal of
Minerals and Materials Characterization, 10(12), 1167-1178.

[35] Merlini, C., Soldi,V., Guilherme and Barra, M.O. (2011), Influence of fibre surface
treatment and length on physico-chemical properties of short random banana fibre-
reinforced castor oil polyurethane composites, Polymer Testing , 30, 833-840.

[36]  Sujesh, G. and Ganesan, C. (2012), Tensile behaviour of nano filled GFRP at different
strain rates, Proceeding ICMMAE, Pattaya.

[37] Ismail, M., Suresha, B. and Rajendra, N. (2012), Investigations on mechanical and
erosive wear behaviour of cenosphere filled carbon-epoxy composites, International
Conference on Mechanical, Automotive and Materials Engineering.

114



e TR

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Proceedings of RTU (ATU) TEQIP Il Sponsored “3" International Conference on
New and Renewable Energy Resources for Sustainable Future”-Feb 11 to 13, 2021

Raju, B.R., Suresha, B. and Swamy, R.P. (2012), Triboperformance of silicon dioxide
filled glass fabric reinforced epoxy composites, ARPN Journal of Engineering and
Applied Sciences, 7(4), 485-491.

Irina, M.M.W., Azmi, A.l., Tan, C.L. Lee, C.C. and Khalil, A.N.M. (2015), Evaluation
of mechanical properties of hybrid fibre reinforced polymer composites and their
architecture, Procedia Manufacturing, 2, 236 — 240.

Dong, J., Jia, C., Wang, M., Fang, X., Wei, H., Xie, H., Zhang, T., He, I., Jiang, Z.,
Huang, Y.(2017), Improved mechanical properties of carbon fibre-reinforced epoxy
composites by growing carbon black on carbon fibre surface, Composites Science and
Technology, 149, 75-80.

Nam, LW., Park, S.M., Lee, H.K. and Zheng, L. (2017), Mechanical properties and piezo
resistive sensing capabilities of FRP composites incorporating CNT fibre, Composite
Structures,178, 1-8.

Raghavendra. S, Balachandrashetty, P., Mukunda, P.G. and Sathyanarayana, K.G.(2012),
The Effect of Fibre Length on Tensile Properties of Epoxy Resin Composites Reinforced
by the Fibre of Banana, International Journal of Engineering Research & Technology,
1(6), 1-3.

Zhenhua, L., Ruiya, R., Yunxuan, L. and Jian, L. (2011), Effect of fibre length on
mechanical properties of short carbon fibre reinforced PTFE composites, Advanced
Materials Research, 311-313, 193-196.

Kumar, K.S.S., Nair, C.P.R. and Ninan, K.N.(2008), Effect of fibre length and
composition on mechanical properties of carbon fibre-reinforced polybenzoxazine,
Polymers For Advanced Technologies, 19, 895-904.

Kaundal, R., Patnaik, A. and Satapathy, A. (2012), Comparison of the mechanical and
thermo-mechanical properties of unfilled and SiC filled short glass polyester Composites,
Silicon, 4, 175-188.

Agarwal, G., Patnaik, A. and Sharma, R. K. (2013), Thermo-mechanical properties of
silicon carbide-filled chopped glass fibre-reinforced epoxy composites, International
Journal of Advanced Structural Engineering, 5 (21),1-8.

115



ICONRER-2021

Renewable energy and sustainable development are the key technologies to offer
solutions to the ever-increasing environmental pollutions and depleting
conventional fuel reserves. With an aim to discuss the state of art technologies
pertaining to the renewable energy domain, RTU (ATU) TEQIP III Sponsored 3rd
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Management and Gramothan, Jaipur in collaboration with Rajasthan Technical
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(Egypt) from February 11 to 13, 2021. ICONRER is a series of the conference
started in 2017 and it was 3rd event of that series.
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