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ABSTRACT

Fiber reinforced polymer composites has been used in a variety of application because of
their many advantages such as relatively low cost of production, easy to fabricate and
superior strength compare to neat polymer resins. Reinforcement in polymer is either
synthetic or natural. Synthetic fiber such as glass, carbon etc. has high specific strength
but their fields of application are limited due to higher cost of production. Recently there
isan increase interest in natural fiber based composites due to their many advantages. In
this connection an investigation has been carried out to make better utilization of coconut
coir fiber for making value added products. The objective of the present research work is
to study the physical, mechanical and water absorption behavior of coir/glass fiber
reinforced epoxy based hybrid composites. The effect of fiber loading and length on
mechanical properties like tensile strength, flexural strength, hardness of composites is
studied. A multi-criteria decision making approach called TOPSSis also used to select
the best alternative from a set of alternatives. Also, the surface morphology of fractured

surfaces after tensile testing is examined using scanning electron microscopy (SEM).
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CHAPTER 1
INTRODUCTION

1.1 Background and Mativation

Over a past few decades composites, plastics, cydmve been the leading engineering
materials. The areas of applications of composkéenals have developed rapidly and have
even found new markets. Composite materials comgishany materials being used in
refined applications [1]. A composite material mdden two or more constituent materials
like reinforcement (fibres, particles, flakes, and/fillers) and matrix (polymers, metals, or
ceramics). One or more discontinuous phases aesfthie, embedded in a continuous phase
to form a composite. The discontinuous phase isallysiharder and stronger than the
continuous phase and is called the reinforcememer@as, the continuous phase is termed as
the matrix.

Kelly [2] defined that the composites should netrbgarded simply as a combination
of two materials. It clearly states that; the comaltion has its own unique properties. In terms
of strength to resistance to heat or some otheradhds quality, it is better to attain properties
that the individual components by themselves camatiain. The composite materials have
advantages over other conventional materials dubetio higher specific properties such as
tensile, flexural and impact strengths, stiffnessl datigue properties, which enable the
structural design to be more versatile. Due torthre&iny advantages they are widely used in
aerospace industry, mechanical engineering applitat (internal combustion engines,
thermal control, machine components), electronickpging, automobile, and aircraft
structures and mechanical components (brakes, dhaéis, tanks, flywheels, and pressure
vessels), process industries equipment requirisgsteence to high-temperature corrosion,

dimensionally stable components, oxidation, andrweffishore and onshore oil exploration
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and production, marine structures, sports, leigsagp@ipment and biomedical devices [3, 4].
Composites can be classified according to differenteria. Figure 1.1 shows the
classification of composites based on the geometngl the physical structure of

reinforcement and matrix.

Composites
Fiber Dispersion Particle
Strengthened Strengthened Strengthened
Multi Single Random Preferred
Layered Layered Orientation Orientation
Laminates Hybrids Continuous Discontinuous
Unidirectional Bidirectional Random Preferred

Figure 1.1 Classification of composites based on geometry@mgical structure of matrix
and reinforcement [5]

According to the type of matrix materialsngosite materials are classified into three
categories, such as metal matrix composites (MMEsjamic matrix composites (CMCs)
and polymer matrix composites (PMCs). Each typeahposites is suitable for different
applications. Among various types of composites, Pé the most commonly used
composites, due to its advantages such as simpiefa@uring principle, low cost and high
strength. When the matrix material is polymer, ttmmposite is called polymer matrix

composites. The reinforcing material can be eifitaous or non-fibrous (particulates) in
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nature. There are two major classes of polymerd use matrix materials such as
thermoplastic and thermosetting. Thermoplastic . (emylons, acrylic, polyethylene,
polystyrene etc.) are reversible and can be resmedpplication of heat and pressure.
However, thermosetting (e.g. epoxies, phenolicyipates, polyesters etc.) are materials that
undergo a curing process through part fabricatdter which they are fixed and cannot be
transformed or resized. Epoxy resin is the most monly used polymer matrix with
reinforcing fibres for advanced composites appilicet. Epoxy resin possesses so many
advantages such as very good mechanical propeatieselectrical characteristics, chemical
resistance and environmental resistance etc.

In fibre reinforcement polymer compositd® reinforcements are either synthetic or
natural fibres. Synthetic fibres are made from kgsized polymer or small molecules. The
compound used to make this fibre come from raw nadtesuch as petroleum based
chemicals or petro chemicals. These materials algnerized in to a long linear chemical
that bond to adjacent carbon atoms. Different cbhalmicompound used to produce different
types of fibre. There are different types of sytithéibres nylon, polyester, carbon fibre,
glass fibre,metallic fibre etc. Most synthetic fibres have gaadsticity. Glass is the most
common fibre used in polymer matrix composites.alisantages include its high strength,
high chemical resistance, low cost and good inswgbroperties. There are many types of
glass fibre S-glass, E-glass, A-glass etc. but tmbytypes of glass fibres such as E-glass and
S-glass are most commonly used because of thelr tegsile strength. Glass fibres are
available in different forms like woven fabrics, ntimuous and chopped. Due to many
advantages, E-glass fibre is taken as reinforcemehe present research work.

Now-a-days, the natural fibores have a gedtgntion as they are a substitute to the

exhausting petroleum sources [7]. Among all reicifoy fibres, natural fibres have increased
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substantial importance as reinforcements in polymetrix composites. The benefits
accompanying with the usage of natural fibres asfarement in polymers are their

availability, biodegradability, low energy consumopt non-abrasive nature and low cost. In
addition, natural fibres have low density and higpecific properties. The specific

mechanical properties of natural fibres are eqgeivialo those of synthetic reinforcements. A
great deal of work has been carried out to meathageprospective of natural fibres as
reinforcement in polymers. Studies on cements dadtips reinforced with natural fibres

such as caoir, sisal, bamboo, jute, banana and tbaes have been reported [8-12]. Among
various natural fibres, coir finds a wide variefyapplications around the world.

Coir is a natural fibre extracted frone thusk of coconut fruit. The husk contains coir
fibre and a corky tissue called pith. It is a fibvhich is highly available in India the second
highest in the world after Philippines [1]. It cists of water, fibores and small amounts of
solvable solids. Because of the high lignin contmit is more long-lasting when compared
to other natural fibres. Natural fibres such asr dmsed composites enjoying broader
applications in automobiles and railway coachesu&ds for public transport system. There
exist a very good opportunity in fabricating coasled composites towards a wide array of
applications in building and construction such heess and slabs as reconstructed wood,
flooring tiles etc. Coir nets are used to prevenit destruction during heavy rains and
cyclones. However, the main disadvantages of nafilor@s and matrix is the relative high
moisture absorption. So, a hybrid composite mdtéhat contains two or more different
types of fibre in which one type of fibre could colement with what are lacking in the other.
Hybridization of natural fibre with high corrosi@md stronger resistance synthetic fibres like
glass, carbon, aramid etc. can improve the vafpooperties such as strength, stiffness etc. It

helps us to achieve a better combination of proggethan fibre reinforced composites. Uses
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of hybrid composites are aeronautical applicatimit's cabin door), marine applications

(ship hulls), wind power

underground cable) [13].

Table 1.1 Physical properties of various natural fibres [6]

generation (blades),

tetac applications (hybrid aerial,

Fibre Tensile Young’s Elongation at Density
strength(MPa) | modulus(GPa) break(%) (g/cnt)
Abaca 400 12 3-10 1.50
Alfa 350 22 5.80 0.89
Bagasse 290 17 1.25
Bamboo 140-230 I I 0.60-1.10
Banana 500 12 5.90 1.35
Coir 175 4-6 30 1.20
Cotton 287-597 5.50-12.60 7-8 1.50-1.60
Curaua 500-1150 11.80 3.70-4.30 1.40
Flax 345-1035 27.60 2.70-3.20 1.50
Hemp 690 70 1.60 1.48
Henequern 500 70 13.20+3.10 4.80 1.10 1.20
Jute 393-773 26.50 1.50-1.80 1.30
Kenaf 930 53 1.60
Nettle 650 38 1.70
Oil palm 248 3.20 25 0.7-1.55
Piassava 134-143 1.07-4.59 21.90-7.80 1.40
Pineapple 1.44 400-627 14.50 0.80-1.90
Ramie 560 24.50 2.50 1.50
Sisal 511-635 9.40-22 2.0-2.50 1.50
E-glass 3400 2 | e 2.5

The properties of some of the natural fibres ass@mnted in Table 1.1. As can be seen from

Table 1.1, the tensile strength of glass fibreuisssantially higher than the coir fibres even

though the density of coir fibre is less than thgl&ss fibre. In order to take the advantages

of properties of both the fibres, attempt has leeteveloped a hybrid composite and studies

their performance.

Mechanical Engineering Department N.I.T. Rourkela
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Most of the studies made on natural fibore compssityeal that their mechanical
properties are strongly influenced by a numberabmeters such as volume fraction of the
fibres, fibre length, fibre aspect ratio, fibre-mvatadhesion, fibre orientation and stress
transfer at the interface. Therefore, both the mand fibre properties are important in
improving mechanical properties of the composifesiumber of investigations have been
made on various types of natural fibres to stuay dffect of these fibre parameters on the
mechanical properties of composite materials. Aptehas been made in the current research
work to study the effect of fibre loading and leémghn the performance of composites.

All polymers and polymer based composites absoristone@ in humid atmosphere
when immersed in water. In general, moisture difflmsn composites depends on factors,
such as the volume fraction of fibre, void voluradditives, humidity, and temperature [14-
15]. Moisture diffusion in polymer composites haseb shown to be governed by three
different mechanisms. The first involves the diitus of water molecules inside the micro
gaps between the polymer chains. The second invaapillary transportation into the gaps
and flaws at the interfaces between the fibre Aednatrix. The third involves transportation
of micro cracks in the matrix, arising from the #img of fibres, particularly in the case of
natural fiore composites [16- 17]. Hybridization wétural fibre, with stronger and more
corrosion-resistance synthetic fibre (e.g., glassef, can improve the stiffness, strength, as
well as the moisture resistance of the compositex] therefore, a balance between
environmental impact and performance may be actidweportantly, hybridization between
natural fibores and glass fibres is expected to awerthe properties of the materials and
decrease their water uptake, and subsequentlyiregiie water absorption problem.

The TOPSIS (technique for order performance bylanity to idea solution) was first

developed by Hwang & Yoon (1981). It is one of thest grading methods of multi criteria
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decision making (MCDM) that is taken place in coomising subgroup of compensating
models of decision making [18]. TOPSIS is a mudtigtiteria method to identify solutions
from a finite set of alternatives based upon siemdbus minimization of distance from an
ideal point and maximization of distance from ain@dint [19]. TOPSIS has also been used
to compare company performances [20] and finamafab performance within a specific
industry [21]. A great deal of work has alreadyrbdene on the use of TOPSIS for selection
of the best alternatives in many fields. Howevee tise of TOPSIS for selection of the
material is hardly been reported.

To this end, the present work is undertaken to ldgva new class of natural fibre
based hybrid composites to study their physicakmaeical and water absorption behaviour.
Finally, TOPSIS method is used for the selectiontred best material among a set of

alternatives.

1.2 Thesis Outline
The remainder of this thesis is organised as falow

Chapter 2: Includes a literature review proposedoriavide a summary on the base of
information already available concerning the issefaaterest.

Chapter 3: The detail description of materials nesgly fabrication techniques and
characterization of the composites under investgas described in this chapter.

Chapter 4: This chapter presents and discusseexfierimental results and selection of best
alternative material.

Chapter 5: This chapter presents the conclusiotsetommendations for future work.

*kkkkkhkk
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CHAPTER 2
LITERATURE REVIEW

This chapter presents the background informationthenissues to be considered in the
present research work and to focus the significaficke current study. The objective is also
to present a thorough understanding of effect afoua parameters influencing on the
mechanical behaviour of fibre reinforced polymemewosites. The literature survey is based
on the following aspects:

. On the natural fibre based polymer composites

A great deal of work has already been done on akfiore based polymer composites by
many researchers. Gupta et al. [22] studied trecetif different parameters on mechanical
and erosion wear behaviour of bamboo fibre reiddrepoxy composites. It was found that
the impact strength increases linearly with inceemsfibre loading and then decreases the
insignificant amount of energy. Tensile strengthmaximum at 40 wt. % fibre loading
amongst other composites. The alteration in thsileestrength depends on the kind of fibre
that can be caused by other factors, such ashireléngth, and hydrophilicity as well as the
difference in the chemical nature of the fibre. Thexural strength increased with the
increase in fibre loading up to 20 wt%. Monteiro at [23] studied the mechanical
performance of coir fibre/polyester composites. Theechanical behaviour of coir
fibre/polyester composites which exhibited the ladkan efficient reinforcement by coir
fibres is attributed to their low modulus of elagti, in comparison with the bare polyester
resin. Harish et al. [24] studied the mechanicdlaveour such as tensile strength, flexural

strength and impact strength of coir/epoxy comgssit
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Rozman et al. [11] studied the effect of lignineasompatibilizer on the physical properties
of coconut fibre-polypropylene composites. It wasnaduded that the coconut fibre
polypropylene composites with lignin as a compéaér possess higher flexural properties
as compared to the control composites. Tensilegrtigs are not much improved as lignin is
incorporated as a compatibilizer. Ayrilmis et aR5] studied on coir fibre reinforced
polypropylene composite panel for automotive imedapplications. This study showed that
the coir fibre is a potential candidate in the nfanture of reinforced thermoplastic
composites, especially for partial replacement ighftost and heavier glass fibres. With
increasing coir fibre content up to 60 wt %, thextlral and tensile strengths of the
composites increased by 26% and 35%, respectikeiyever, the further increment in fibre
content decreases the flexural and tensile strengthause polymer matrix is insufficient to
cover all the surfaces of the coir fibre. Biswasle{26] studied with the effect of length on
mechanical behaviour of coir fibre reinforced epaomposites. It was reported that the
hardness is decreasing with the increase in faamgth up to 20 mm. Junior et al. [27] studied
on tensile behaviour of coir fibre reinforced paigr composites. Basiji et al. [28] studied
the effects of fibre length and fibre loading o tmechanical properties of wood-plastic
(polypropylene) composites. Vilay et al. [29] stedlithe effect of fibre surface treatment and
fibre loading on the properties of bagasse fibrefoeced unsaturated polyester composites.
Higher tensile and flexural properties were obtdifee treated fibre composites compared to
those of untreated fibre based composites. Thetiadddf higher amount of fibre results in
higher tensile and flexural properties of the bagafbre reinforced polyester composites.
Goud et al. [30] studied the effect of fibre cortemd alkali treatment on mechanical
behaviour of Roystonea regia-reinforced epoxy casiips. It was found that the tensile

strength, tensile modulus and percentage of elmmadf untreated and alkali-treated
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Roystonea regia natural fibre-reinforced epoxy cosites were increased with increase in
fibre content and are highest at 20 wt.%. Luo ef3l] studied the mechanical and thermal
properties of environment-friendly "green" compesimade from pineapple leaf fibres and
poly (hydroxybutyrate-covalerate) resin. Tensiled atexural properties of the "green"
composites with different fibre contents were meadult was found that the composites
increased significantly compared with pure resinthie longitudinal direction but decreased
in the transverse direction with increase in filmantent. Gowda et al. [32] studied the
mechanical properties of untreated jute fabricfoeoed polyester composites. The
mechanical properties of jute/polyester compositesnot possess strengths and moduli as
high as conventional composites. They do have bsttengths than wood composites and
some plastics. Therefore, these composites couldobsidered for future materials use.
Masoodi et al. [33] studied the moisture absorpt@on swelling in bio-based jute-epoxy
composites. It shows that both the water absorgiuh swelling measurements were higher
for the bio-epoxy composites compared to the epmyposites, possibly due to the use of
cellulose and the hydroxyl group of bio-epoxiesamli et al. [34] studied the mechanical
and water absorption behavior of recycled cellulbsee reinforced epoxy composites. It
shows that water absorption was observed to iner@éh increasing fibre content. Exposure
to moisture for two weeks caused a reduction inuflal strength, flexural modulus and
fracture toughness due to the degradation of bgnalirthe fibre-matrix interfaces. However,
impact strength was found to increase slightlyraftater absorption. The effect of water
absorption on mechanical properties was more procexl at high fibre content than at the
low fibre content. Hu et al. [35] studied the morst absorption, tensile strength behaviour of
short jute fibre/polylactide composite in hygrotimat environment. It was reported that for

uncoated sample, the moisture absorption procesdies three distinct stages such as quick
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moisture absorption stage, a slow steady increadingpisture uptake stage and a very rapid
moisture absorption stage. The whole moisture atisor process untl the complete
relaxation of the samples does not show moistunga#on. Bhaskar et al. [36] studied the
water absorption and compressive properties of raatcghell particle reinforced epoxy
composite. It was concluded that the water absmrptapacity was found to be maximum of
30 with % of coconut shell particles.

. On synthetic fibre based polymer composites

Many researchers have studied the effect of vagamameters on the mechanical behaviour
of synthetic fibre based polymer composites. Chd dang [37] studied the electrically
conducting high-strength aramid composite fibresppred by vapour-phase polymerization
of pyrrole and shows that the composite fibres gjigeod thermal stability in conductivity
within a range of 17AC. The mechanical properties were affected lityigoblymerization of
pyrrole, and could maintain good mechanical progerof the original aramid fibre. The
electrical resistance of the composite fibres afiti increased slowly with increasing
elongation, but increased sharply near breakingtp@hauhan et al. [38] studied the effect
of fibre loading on mechanical properties, frictiamd wear behaviour of vinyl ester
composites under dry and water lubricated conditidhwas reported that the density of
composite specimens is affected marginally by imsireg the fibre content. For the
composites with a higher percentage of fibre cantred at room temperature shows slight
increase in density. Kutty and Nando [39] studlesl effect of processing parameters on the
mechanical properties of short Kevlar aramid fitirermoplastic polyurethane composite and
observed that processing parameters like nip gigtioh ratio and mill roll temperature have
extreme influence on the fibre orientation and leean the mechanical properties of short

Kevlar aramid fibre-thermoplastic polyurethane cosife. Allaoui et al. [40] studied on
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mechanical and electrical properties of compositth wifferent weight percentages of
nanotubes. It has been seen that the additionaoid14 wt. % of CNT into the epoxy matrix
gives a remarkable effect on the mechanical prgsermThe Young’'s modulus and the yield
strength of the 1 wt. % composite have been ineckdsy respectively 100 and 200%
compared to the pure matrix. Jansons et al. [4idistl on the effect of water absorption,
elevated temperatures and fatigue on the mechapioglerties of carbon-fibre-reinforced
epoxy composites for flexible risers. It has beeensthat the long-term exposure of unloaded
specimens to pure water at 70°C and specimens doadthree-point bending to water at
room temperature practically did not affect théaxtiral stiffness (the maximum variation
was less than 4%), while the flexural strengthrab@0 h of exposure dropped by 16% and
10%, respectively. Taghavi [42] studied for moist@ffects on high performance polymer
composites. It was concluded that both glass-epoxi/carbon-epoxy composites lost some
dry weight during the immersion period in 90°C watteerefore the real absorption pattern
could be obtained by using the linear solids mass Idata, in combination with the
experimental moisture absorption data. Also it Wwasnd that for all the composites
immersed in the 90°C water the maximum moisturgasdnwas higher than those of 60°C
water. Huang et al. [43] studied the effect of watlgsorption on the mechanical behaviour of
glass/polyester composites. It was concluded tiatteaking strength and tensile stress of
the composites decreased gradually with increasaterwimmersion time because the
weakening of bonding between fibre and matrix.

. On hybrid based polymer composites

Multi-component composites consisting of a matirage reinforced with two or more types
of fibre as reinforcements are termed as hybrid pmsites. Research on hybrid composites

reinforced with both synthetic and natural fibres lalready been done by many researchers.
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Gururaja et al. [44] studied a review on recentliappons and future prospects of hybrid
composites. Efforts have been focused on the aits of hybrid composites for better
understanding of the phenomena associated withcaitttng edge technology. Glass and
carbon fibre reinforced epoxy based composites e investigated. Jawaid et al. [45]
studied the effect of jute fibre loading on tensled dynamic mechanical behaviour of oil
palm epoxy composites. Due to jute fibre loadingodrpalm epoxy composites the tensile
properties increased with the increase in the w&tjate fibre in the hybrid composites. When
jute fibre loading is increased, the effectivenegstress-transfer is increasing. Thwe et al.
[46] studied the durability of bamboo/glass fibreinforced polymer matrix hybrid
composites. It was concluded that both the terstilength and modulus of bamboo fibre
reinforced polymer and bamboo/glass fibre reinfdrpelymer composites have decreased
after aging in water at 25°C and 75°C for prolongediods. Tensile strength and stiffness
are enhanced by the inclusion of a compatibilis®APP, in matrix material as a result of
improved interfacial bonding. Mishra et al. [47hdied the mechanical properties of bio
fibre/glass reinforced polyester hybrid compositesvas concluded that the pineapple leaf
fibores (PALF)/glass and sisal/glass hybrid fibréenf@cements in polyester resin having
encouraging mechanical properties. Ahmed et all. $4&lied the tensile, flexural and inter-
laminar shear properties of woven jute and jutessgyfabric reinforced polyester composites.
It has been revealed that the layering sequenderite the position of glass plies)
significantly affects the flexural and inter-lamirghear strength. Sreekala et al. [49] studied
the hybrid effect of glass fibre and oil palm empyit bunch fibre on the tensile, flexural
and impact response of the phenol-formaldehydeebasenposites. It has been concluded
that the Glass and oil palm empty fruit bunch hylifbre reinforcement in PF resin resulted

in cost effective and light weight composites hgvgood performance qualities. Girisha et
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al. [50] studied the water absorption and mecharbehaviour of sisal/coconut coir fibre
reinforced epoxy Composites. It was concluded Wittt the increase in fibre content at dry
condition, the tensile and the flexural strengtbré@ased. At wet condition, the tensile and
flexural strength have a high-level reduction. Vetagan et al. [51] studied the mechanical
properties of palmyra/glass fibre reinforced hybadmposites. It was concluded that
hybridization of palmyra/glass fibre with synthetfibre is a viable approach for enhancing
mechanical properties and durability of naturatdibomposites. Venkateshwaran et al. [52]
studied the mechanical and water absorption bebhawb banana /sisal reinforced hybrid
composites. It was reported that hybridization afdna /sisal reinforced fibre composite by
another natural fibre does not yield superior maat# properties as hybridization by glass
fibore and carbon fibre and hence this kind of hyltbmposite are suitable for low cost
applications. Ahmed et al. [53] studied the elaptioperties, notched strength and fracture
criterion in untreated woven jute/glass fabric feioed polyester hybrid composites. It was
observed that in untreated woven jute/glass faleiiforced polyester hybrid composites, the
young’s modulus in warp and weft direction increasdereas the poisson’s ratio decreases
with the increase in glass fibre content. This ¢atis that, jute composites undergo more
transverse strain and less longitudinal strain jhteiglass hybrid composites. Rao et al. [54]
studied the effect of fibores on mechanical propsrtdof bamboo/glass fibre based hybrid
composites. It was reported that hybrid composigk alkali treated bamboo fibres were
found to possess higher impact properties. Treatedposites also proved that they have
good dielectric properties at 40/0 bamboo/glase fibeight ratio. Joseph et al. [55] studied
the comparison of the mechanical properties of phtarmaldehyde composites reinforced
with banana fibres and glass fibres. It was shotvatlan increase in bamboo fibre content of

up to 40% (by mass) in bamboo fibre reinforced pwy results in a 60% increase in tensile
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modulus. Both banana fibre and glass fibre comesdiave an increase in tensile, flexural
and impact properties with increasing fibre loadifdpie hybrid composites with alkali-
treated bamboo fibres were found to possess higimsile properties [56-57]. Thwe et al.
[58] studied the characterization of bamboo-glabsefreinforced polymer matrix hybrid
composite. It was concluded that the bamboo/glése feinforced polypropylene hybrid
systems depend on fibre weight ratios, fibre lengtid adhesion characteristics between the
fibres and the matrix. Yang et al. [59] studied mhechanical properties of hybrid reinforced
rigid polyurethane composite foam. It was concludbdt the tensile strength of the
polyurethane composite foam is optimal when theteanof SiQ and glass fibre is 20 and
7.8%, respectively. The tensile strength of polthaee composite foam reinforced with 3-
5% carbon fibre is optimal. Goud et al. [60] invgated the tensile, flexural, impact and
hardness properties of hybrid composites consitierabreased with increase in glass fibre
loading. But electrical conductivity and dielectdonstant values decreased with increase in
glass fibre content at all frequencies. Juniorleféd] studied the thermal, mechanical and
dynamic mechanical analyses of hybrid interlaminateaua-glass composites. It was
reported that the increase in density of the coitg®dor higher glass content and overall
fibre volume fraction, barcol hardness and impaeingth followed the same trend due to the
intrinsic characteristics of the glass fibre sushsaonger adhesion to the matrix and higher
energy dissipation at the interface in comparisdah the vegetable fibre. Bledzki et al. [62]
studied the natural fibre reinforced polyurethanieronfoams. It was concluded that the
dynamic mechanical properties can be significarghhanced at higher fibre content.
Increasing micro void content in the matrix induaady a limited effect on the shear
modulus and impact strength. The flax fibre baseshposites exhibit higher strength and

stiffness than the jute fibre. Pothan et al. [@BHsed the dynamic mechanical and dielectric
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behaviour of banana/glass hybrid fibre reinforcelygster composites. It was concluded that
the volume fraction of glass involved in the hylmation, an intimate mixture of banana and
glass or a layering pattern with detailed distridtof both the fibres gives better properties.
Kim et al. [64] studied the effect of moisture atpdmn on the flexural properties of
basalt/CNT/Epoxy Composites. They concluded thafldxural strength and modulus of the
moisture absorbed specimen were 22% and 16% loesrectively, than those values of the
dry specimen. The decrease in these values fortmneiabsorbed specimens was due to the
weakening of the interfacial bonding due to swellof the epoxy matrix. Zamri et al. [65]
studied the effect of water absorption on pultrugigeé/glass fibre reinforced unsaturated
polyester hybrid composites. They concluded thabridjzation of natural fibres with
synthetic fibres decreases the maximum moisturerpbsn and increases the mechanical
properties of the composites. Silva et al. [66]dsd the effect of water aging on the
mechanical properties of curaua/glass fibre readdrhybrid composites. It shows that the
water absorption of the laminated hybrid was higlerdistilled water (2.10%) than in sea
water (1.95%). However, the saturation time was@amately the same for both conditions.
Jahani et al. [67] studied the effect of epoxy-pster hybrid resin on mechanical properties,
rheological behavior and water absorption of patpytene wood flour composites. They
concluded that maleic anhydride grafted PP imptheanterfacial interaction of cured epoxy
resin with PP and leads to higher tensile streagith elastic modulus, and reduce moisture
absorption. Dixit et al. [68] studied on the effe€thybridization on mechanical behaviour of
coir/sisal/jute fibres reinforced polyester comp®snaterial. It was concluded that the tensile
properties of natural fibore composites can be §igamtly improved by natural fibres in a
sandwich construction. Yuan et al. [69] studied thimforcing effects of modified Kevlar

fibre on the mechanical properties of wood-floulypoopylene composites and observed that
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the addition of Kelvar Fibre improved the mechahpraperties of wood flour/polypropylene
composites. Treatment of Kelvar fibre with NaOHulesd in improvement in mechanical
strength. Addition of 3% MAPP and 2% hydrolyzed Ké to an increment of 93.8% in
unnotched impact strength,17.7% in notched imp&ength, 86.8% in flexure strength,
50.8% in flexure modulus, and 94.1% in tensile regtk compared to traditional WF/PP

composites.

. OnTOPSIS

TOPSIS is a multiple criteria method to identifyligmns from a finite set of alternatives
based upon simultaneous minimization of distanoefan ideal point and maximization of
distance from a nadir point. TOPSIS has been appbea number of applications many
researchers. Singh et al. [70] studied the seleatiomaterial for bicycle chain in Indian
scenario using MADM Approach. They concluded thathbMADM and TOPSIS methods
user friendly for the ranking of the parametersahty et al. [71] studied the multi-criteria
decision making and uncertainty analysis for matgriselection in environmentally
conscious design. It was reported that TOPSIS ndetdemonstrates a reasonable
performance in obtaining a solution; and entropythoe presents designers’ or decision
makers' preference on cost or environmental im@aa effectively demonstrates the
uncertainties of their weights. Khorshid et al. [&udied the selection of an optimal
refinement condition to achieve maximum tensileperties of Al-15%MgSi composite
based on TOPSIS method and observed that the TORStBod is considered to be a
suitable approach in solving material selectiorbfgm when precise performance ratings are
available. Ghaseminejad et al. [73] used data epwednt analysis and TOPSIS method for

solving flexible bay structure layout, and founattkhis method is useful for creating, initial
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layout, generating initial layout alternatives an@luating them. Chakladar and Chakraborty
[74] studied the combined TOPSIS-AHP-method-bas@@raach for non-traditional

machining processes selection and also includeslébgin and development of a TOPSIS-
AHP-method-based expert system that can automatelghision-making process with the
help of a graphical user interface and visual aisahroudi and Rouydel [75] studied a
multi-criteria decision making approach (ANP-TOPSI& evaluate suppliers in Iran’s auto
industry. Lin et al. [76] studied on customer-drnivieroduct design process using AHP and
TOPSIS approaches and results shows that the mopagproach is capable of helping
designers to systematically consider relevant desifprmation and effectively determine

the key design objectives and optimal conceptuakratives. Isiklar and Buyukozkan [77]

studied a multi-criteria decision making (MCDM) apach to assess the mobile phone

options in respect to the users preferences ogdasing TOPSIS method.

2.1 Objectives of the Present Research Work
Keeping in view of the current status of reseahghfollowing objectives are set in the scope
of the present research work.

1. Fabrication of coir/glass fibre reinforced epoxynamsites

2. To study the influence of fibre length and fibreading on physical,

mechanical and water absorption behaviour of coitgms
3. To study the surface morphology using SEM study.
4. To select the best alternative from a set of adtive materials using TOPSIS

method.

kkkkkkkk*k
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CHAPTER 3
MATERIALS AND METHODS

This chapter describes the details of materialsl,upeocessing of the composites and the
experimental procedures followed for their chanazégion.

3.1 Materials

3.1.1 Matrix Material

Among different types of matrix materials, polynmatrices are the most commonly used
because of many advantages such as cost effedbjes@se of fabrication with less tooling
rate and they also have outstanding room tempergittgperties. Polymer matrices can be
either thermoplastic or thermosetting. The most momy used thermosetting resins are
epoxy, polyester, vinyl ester, Polyurethanes arehphcs. Among them the epoxy resins are
generally used for many superior composites dueth@wr many advantages such as
tremendous adhesion to wide variety of fibres, sopenechanical and electrical properties
and good performance at elevated temperaturegdditian to that they have low shrinkage
upon curing and good chemical resistance. Due toenous advantages over other thermoset
polymers, epoxy is chosen as the matrix materialife present research work. It chemically
belongs to the ‘epoxide’ family and its common naohepoxy is Bisphenol-A-Diglycidyl-
Ether.

3.1.2 Fibre Material
The natural fibre coir is pull out from the husk adconut fruit. The husk consists of coir

fibre and a corky tissue known as pith. It is adilichly available in India. It consists of
water, fibres and small amounts of soluble solgkcause of the high lignin content, coir is
more robust when compared to other natural fibk&sth increasing demand on fuel

efficiency, coir based composites have wider apgibnis in automobiles and railway coaches
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& buses for public transport system. There is atgopportunity in fabricating coir based
composites towards a wide range of applicationbuitdding and construction such boards
and blocks as reconstructed wood, flooring tiles Blatural fibres have the advantages of
low density, biodegradability and low cost. Glasshe most widely used synthetic fibre used
in polymer matrix composites. Its advantages ineluts high strength, high chemical
resistance, low cost and good insulating behavidure type of glass fibre used as
reinforcement in this study is E-glass fibre.

3.2 Composite Fabrication

The short coir fibre is collected from local sowa@nd E-glass fibres procured from Saint
Gobian Ltd. are taken as reinforcement. Epoxy ressupplied by Ciba Geigy India Ltd. is
taken as matrix material. The low temperature guepoxy resin and corresponding hardener
are mixed in a ratio of 10:1 by weight as recomneehd\ mould of dimension 210x210x40
mm® is used for casting the composite slabs. The simiriglass fibres are mixed with epoxy
resin by the simple mechanical stirring. The contpesare prepared with three different
fibre loading and four different fibre lengths keepglass fibre content constant (20 wt%)
using simple hand lay-up technique. The mixturpdared into various moulds conforming
to the requirements of various testing conditiond eharacterization standards. The detailed
composition and designation of the composites aegsgmted in Table 3.1. The cast of each
composite is preserved under a load of about 2fdkg4 hours before it removed from the
mould cavity. Then this cast is post cured in tinéast another 24 hours after removing out of
the mould. Specimens of appropriate dimension atefar physical and mechanical tests.
Figure 3.1 shows short coir fibre and short glas®f Figure 3.2 shows short coir/glass fibre

reinforced epoxy hybrid composite.
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Table 3.1 Designation of Composites

Composites Compositions

C1 Epoxy (75wt %) +Glass Fibre (20wt. %) +Coir FibFehte length
5 mm) (5wt %)

C2 Epoxy (75wt %) +Glass Fibre (20wt. %) +Coir FibFehte length
10 mm) (5wt%)

C3 Epoxy (75wt %) +Glass Fibre (20wt. %) +Coir FibFehfe length
15mm) (5wt %)

C4 Epoxy (75wt %) +Glass Fibre (20wt. %) +Coir FibFehfe length
20 mm) (5wt%)

C5 Epoxy (70wt %) +Glass Fibre (20wt %) +Coir Fibreb{fe length
5 mm) (10wt%)

C6 Epoxy (70wt %) +Glass Fibre (20wt %) +Coir Fibrebfe length
10 mm)(10wt%)

C7 Epoxy (70wt %) +Glass Fibre (20wt %) +Coir Fibreb{fe length
15 mm)(10wt%)

C8 Epoxy (70wt %) +Glass Fibre (20wt %) +Coir Fibreb{fe length
20 mm)(10wt%)

Figure 3.1 Short coir fibre and short glass fibre

Mechanical Engineering Department N.L.T. Rourkela Page 21



M.Tech Thesis 2013

Figure 3.2 Short coir/glass fibre reinforced epoxy based liybomposites

3.3 Physical property tests

3.3.1 Density

The actual densityp(e) of the composite can be obtained experimentallywater immersion
technique. The theoretical density of compositeemats can easily be obtained as per the
following equations given by Agarwal and Broutmas]

1

Pet = rw. w (3.1)
(—f + —) + Wiy + prn)
Pr  Pm

Where, w ang represent the weight fraction and density respelgti
The suffix m, f, and ct stand for the matrix, filzred the composite materials respectively.
The volume fraction of voids (Vv) in the compositegalculated by the following equation:

v, = Pct = Pee (3.2)

Pect
3.4 Mechanical property tests

As per ASTM D3039-76 test standards the tensileakesomposites is done using Universal
Testing Machine Instron 1195. A uniaxial load wapleed both the ends of composite

specimens for the test. The test is repeated mvestion each composite type and the mean
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value is considered. Figure 3.3 shows the expet@heset up for tensile test. Figure 3.4
shows the specimens of short coir/glass fibre oea®d epoxy hybrid composites for tensile
test. A three point bend test is done to evaluhee flexural strength of the composites
Universal Testing Machine Instron 1195. The detaation of flexural strength is an
important characterization of any structural matderiFor the test, the cross head speed is
taken as 2 mm/min and a span of 40 mm is maintaifleel loading arrangement for flexural
test is shown in Figure 3.5. Micro-hardness testarhposite specimens is done using Leitz

micro-hardness tester. Figure 3.6 shows the expatahset up for micro-hardness test.

Figure 3.3 Experimental set up for tensile test

Figure 3.4 Specimen of short coir/glass fibre reinforced gploybrid composites
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Figure 3.6 Experimental set up for Micro-hardness test
3.5 Scanning electron microscopy (SEM)
The fractured surfaces of the composite specimeasegamined by scanning electron
microscope JEOL JSM-6480LV. Figure 3.7 shows th®SEt up. The samples are washed,
cleaned thoroughly, air-dried and are coated wi A thick platinum in JEOL sputter ion

coater and observed SEM at 20 kV. Similarly the posite samples are mounted on stubs
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with silver paste. To enhance the conductivity lué samples, a thin film of platinum is

vacuum-evaporated onto them before the photomiapigr are taken.

Figure 3.7 SEM Set up

3.6 Water absorption test

Moisture absorption studies were performed as [8FM D 570-98 standards. The weight of
the samples was taken before subjecting them tmadowater. After exposure for 24h, the
specimens were taken out from the moist environraedtall surface moisture was removed
with a clean dry cloth or tissue paper. The spensneere reweighed to the nearest 0.001 mg
within 1 min of removing them from the environmehiamber. The specimens were weighed
regularly at 24, 48, 72, 96, 120, 144, 168, 198, 240, 264, 288 and 312 hours exposure.
The moisture absorption was calculated by the weldference. The percentage weight gain

of the samples was measured at different timevateiby using the following equation:

W. — W) x 100
oont = - W;* (3.3)

Where Wis the weight of specimen at a given immersion teme W is the oven-dried

weight.
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3.7TOPSIS

The TOPSIS (Technique for Order Preference by @nityl to Ideal Solution) is
implemented to measure the proximity to the idealtson. The basic concept of this method
is that the chosen alternative should have thete$tadistance from the positive ideal solution
and the farthest distance from negative ideal swlufPositive ideal solution is composition
of the best performance values demonstrated (irdéoesion matrix) by any alternative for
each attribute. The negative-ideal solution isdbmposite of the worst performance values.
The steps involved for calculating the TOPSIS valaee as follows [79]:

STEP 1. This step involves the development of matrix formighe row of this matrix is
allocated to one alternative and each column to aitrébute. This matrix is called as a

decision matrix (D). The matrix can be expressed as

Al X X2 o X5 Xy
Ay | Xy X . X3 X
3.4
D= (3.4)
Al X1 X2 Xy
Am _xml Kma ' xmj Xmn _

STEP 2: Then, the normalized decision matrix or R matrixcadculated with j as the

normalized value:

X::

B :\/§ (35)

Here, | represents the normalized performance ofvi#h respect to attribute; X

STEP 3: obtain the weighted normalized decision mat{jX,— ‘v i ‘ can be found as:

V=wi;
, (3.6)
n
ere, Z Wj -1
=1
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STEP 4: Determine the ideal (best) and negative ideal (tyaslutions in this step. The
ideal and negative ideal solution can be expreased

The ideal solution:

A+;={(}naxvﬁj[U],(nﬁnvﬁ
i

The negative ideal solution:

jDJ'ii=1,2 ....... m]} (3.7)

A~ ={[min\:ijjm]{maxvij j[lj"ii =1,2,....... mJ} (3.8)
={vi. vz, Vi vn}

Here,

i={i=12....nlj} Associated with the beneficial attribu

J ={J =12....,n i} Associated with nc- beneficial attribute

STEP 5: Determine the distance measures. The separatieaabf alternative from the ideal

solution is given by n- dimensional Euclidean dis&from the following equations:

n 2
s =\/j§1(vi,- -vi) (3.9)
s :\/ﬁ(\,ij v )? (3.10)
i=1
STEP 6: Calculate the relative closeness (closeness caafti CC) to the ideal solution:
G =" i=1,2....m0sC <1 (3.11)
S; +S;

STEP 7: Rank the preference order: the alternative withléngest relative closeness is the

best choice.

*kkkkkkk*k
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CHAPTER 4
RESULTS & DISCUSSIONS

This chapter presents the results of physical, ar@chl and water absorption behaviour of
short coir/glass fibre reinforced epoxy based H/bcomposites. The effect of fibre
parameters such as fibre loading and length onp#réormance of composites is also
discussed. Finally, the ranking of composites basethe TOPSIS method has been done.
4.1 Physical and Mechanical Behaviour of Composites

4.1.1 Effect of fibreloading and length on density of composites

The presence of void content in the compositesifsigntly reduces the mechanical and
physical properties of the composites. Table 4es@nts the theoretical density, experimental
density and their corresponding void content oftlal composite specimens. It can observe
from the table that the void content of compositeseases with increase in both the fibre
loading and fibre length. The similar tread of gase in void content with increase in fibre
loading and length has already reported by previessarchers [80].

Table 4.1 Void fraction of hybrid composites

Composites The-oretical Exp.erimental Volume. Fraction
Density(gm/cc) | density (gm/cc) of Voids (%)
C1l 1.248 1.197 4.115
C2 1.248 1.178 5.676
C3 1.248 1.177 5.757
C4 1.248 1.174 5.997
C5 1.254 1.177 6.163
C6 1.254 1.17 6.760
Cc7 1.254 1.149 8.434
C8 1.254 1.135 9.549
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4.1.2 Effect of fibreloading and length on hardness of composites

Surface hardness of the composites is consideramhe@f the most important factor that
governs the wear resistance of the compositesré&igil shows the effect of fibre loading
and lengthon hardness of composites. The test results shatwittth the increase of fibre
length, micro-hardness of the coir/glass epoxy austips is improved. As far as the effect of
fibre loading is concerned composites with 5wt%dibbading shows better hardness value
as compared to 10wt% irrespective of fibre lengtbept for 20mm length. The increase in

hardness value is may be due to the incorporatitttelfibres in the epoxy resin.

1EZZ4 5 Wt.% SCF - 20wt.% SGF
B8 10 Wt.% SCF - 20wt.% SGF

20

=
a1
|

Hardess (Hv)

o 15

Fiber Length (mm)
Figure 4.1 Effect of fibre loading and length on hardnessarhposites

4.1.3 Effect of fibreloading and length on tensile properties composites
The effect of fibre loading and length on the tenstrength and modulus are shown in
Figure 4.2 and 4.3 respectively. A gradually inseem tensile strength can be observed with
the increase in the fibre length up to 15 mm of/gtass epoxy based hybrid composites.
This is due to the proper adhesion between the typds of fibre and the matrix. However,

further increase in fibre length i.e. 20 mm theseaidecrease in the tensile strength. The

reason may be due to the curling effect of the lowmig fibre [81]. The curly nature of fibres
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prevents the proper alignment of fibres in the ditrdinal direction) composites. The
maximum tensile strength is observed for the cont@agth 10wt% fibre loading at 15mm
length. Figure 4.3 shows the variation of the tensiodulus of coir/glass fibre reinforced
hybrid composites with different fibre loading aleshgths. It can be observed that with the
increase of fibre length, the tensile modulus iases irrespective of fibre loading. As far as
the effect of fibre loading is concerned, tensiledumus increases with increase in fibre
loading irrespective of fibre length. Previous mepaeveal that normally the fibres in the
composite restrain the deformation of the polymatrix, reducing the tensile strain [82-83].
So even if the strength decreases with fibre Iagadime tensile modulus of the composite is
expected to increase as has been observed in piasestigation. The maximum tensile

modulus is observed in composites with 5wt% film&ding and 20mm fibre length.

1 5 Wt.% SCF - 20wt.% SGF
0 Wt.% SCF - 20wt.% SGF

=
[ee]
L

= = = =
® o N » o
P I T T BT |

Tensile Strength (M pa)

10 I 15
Fiber Length (mm)

Figure 4.2 Effect of fibre loading and length on tensile sggmof composites
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As far as the effect of fibre loading is concernsmmposites with 10wt% fibre loading shows
better flexural strength value as compared to 5Witfe loading. The maximum flexural
strength of 63MPa is observed for composites Wit fibre loading at 15mm length.

4.2 Surface M or phology

Figure 4.5a and 4.5b shows the fracture surface®iofglass fibre reinforced epoxy based
hybrid composite after the tensile test with digietr fibre loading and fibre length. Figure
4.5a shows the tensile fracture of composite witlwt% fibre loading and 20mm fibre
length. It can be clearly observed from the figtinat the fibres pull out from the resin
surface due to poor interfacial bonding. Figureb4shows the tensile fracture surface of
composites reinforced with 10wt% fibre loading &trin fibre length. It is evident from the
figure that surface without much fibre pull outakearly visible may be due to the better

adhesion fibre and matrix which leads to bettestangth properties of composites.

1@ 4@

(b)
Figure 4.5 Scanning electron micrographs of coir/glass fibeenforced epoxy
composite specimens after tensile test

4.3 Water absorption properties of composites
The effect of fibre loading and length on the wagdrsorption of the coir/glass fibre
reinforced composites with increase in immersiometis shown in Figure 4.6. It is evident

from the figure that the rate of moisture absorpiiocreases with increase in fibre lengths.
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Generally, the rate of water absorption is gremtijyenced by the materials density and void
content. It has been reported by earlier reseasdhat the incorporation of long coir fibres
into the mix decreased workability and increasesl tbid space [84]. Consequently, the
longer the fibre, the higher is the water absorptids far as effect of fibre loading is
concerned composites with 10wt% fibre loading shdwgher water absorption rate as
compared to 5wt% fibre loading. The reason mayueetd that coir fibres contain abundant
polar hydroxide groups, which result in a high mais absorption level of natural fibre
reinforced polymer matrix composites and are a majustacle for preventing extensive

applications of these materials [85].

T-=—c1
—e—C2
—A—C3

Water Absorption (%)

0 24 48 72 96 120 144 168 192 216 240 264
Imersion Time (Hours)
Figure 4.6 Effect of fibre loading and length on water absimmif composites
The minimum water absorption rate is observed @ngosites with 5wt% fibre loading and
at 5mm fibre length. It is also observed from thgufe that the water absorption rate
generally increases with immersion time, reachirg@ain value at a saturation point where
no more water is absorbed. The maximum weight deom 3.34% to 7.25% (weight

fraction) is observed by the composite specimemsah temperature.
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4.4 Ranking of composites by TOPSIS method

All the composite materials are compared basedhenTIOPSIS method and ranking has
been done. The decision matrix, normalization matweight normalized matrix, ideal
positive and ideal negative solution, separatioasuee, relative closeness value and ranking
are tabulated in Tables 4.3, 4.4, 4.5, 4.6, 48 ydspectively. Finally the ranking of different
composite based on their properties is being shiowthe Figure 4.7. It has been observed

that ranking of composite materials are as folloRank 1(C3), Rank 2 (C2), Rank 3 (C4),

Rank 4 (C7), Rank 5 (C8), Rank 6 (C6), Rank 7 (&1J Rank 8 (C5).

Table 4.2 Decision matrix (D)

2013

Composites Tensile Flexural Hardness| density Water
strength (MPa) strength (MPa) (Hv) (gm/cc)| absorption (%)
Ci 15.223 40.144 14.4 1.19y 4.005
C2 16.189 50.160 18.4 1.178 4.426
C3 17.162 56.340 194 1.17y 5.221
C4 14.928 51.912 20.5 1.174 5.538
C5 14.823 50.709 10.5 1.17y 6.104
C6 16.584 54.395 16.6 1.170 6.254
C7 17.958 63.356 19.0 1.149 6.531
C8 13.543 56.885 21.3 1.135 7.205
Table 4.3 Normalization matrix (R)
. Tensile Flexural Hardness density Water
Composites .
strength (MPa) strength (MPa) (Hv) (gm/cc) | absorption (%)
C1 0.339 0.265 0.285 0.361 0.246
Cc2 0.360 0.332 0.364 0.356 0.272
C3 0.382 0.373 0.384 0.355% 0.321
C4 0.332 0.343 0.406 0.354 0.340
C5 0.330 0.336 0.208 0.35% 0.375
C6 0.369 0.360 0.329 0.353 0.384
Cc7 0.400 0.419 0.376 0.347 0.401
C8 0.301 0.376 0.422 0.343 0.443
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Table 4.4 Weight normalized matrix
Composites Tensile Flexural Hardness density Water
strength (MPa) strength (MPa) (Hv) (gm/cc) | absorption (%)
C1 0.067868 0.053199 0.05711D1.07238 0.049249
Cc2 0.072189 0.066472 0.0729rB.071201| 0.054426
C3 0.076527 0.074662 0.07694D.07114 0.064209
C4 0.066566 0.068794 0.081306.070959  0.068108
C5 0.066097 0.067201 0.0416468.071171] 0.075063
C6 0.073952 0.072085 0.0658B86.070717| 0.076906
C7 0.080077 0.08396 0.075350.069448  0.080316
C8 0.060376 0.075385 0.0844[76.068602]  0.088607
Table 4.5 Positive-ideal (best) and negative-ideal (worsfugon
Solution Tensile | Flexural | Hardnesg Density Water
strength | strength absorption
A" (ideal solution) 0.08007f 0.08396 | 0.0844760.068602 0.049249
A’(negative ideal solution) 0.06037®.053199| 0.041643 0.07238| 0.088607
Table 4.6 Separation measures of attributes
Composites S S
C1 0.04311 0.042946
C2 0.023106 0.04967
C3 0.019649 0.050638
C4 0.027997 0.047714
C5 0.054625 0.020339
C6 0.035991 0.03558
C7 0.032389 0.050479
C8 0.04484 0.048385
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Table 4.7 Calculate the relative closenesg)(c
Relative closenesy Ranking of
Composites (CH composites
C1 0.49905 7 th
C2 0.68250 2n
C3 0.72044 1%
C4 0.63021 3th
C5 0.27131 gh
C6 0.49712 6"
C7 0.60914 4"
C8 0.51901 5"
] [C__] Relative closeness(C1*)]
0.7 -
—~ 0.6
8 ]
% 0.5+
()] ]
(O]
S 0.4
7 ]
i)
O (0.34
[¢}]
= 7
T 0.2
0} ]
o
0.1
0.0 T v T v T v T v T v v T v T
cL C2 C3 C4 Cc5 C6 C7 C8
Composites
Figure 4.7 Ranking of the different composites
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CHAPTER 5
CONCLUSIONS

The experimental investigation on the physical, m@dcal and water absorption behaviour
of coir/glass fibre reinforced epoxy based hybridmposites lead to the following
conclusions:

1. Successful fabrication of hybrid coir/glass fibenforced epoxy composites by simple
hand lay- up technique.

2. It has been noticed that the various propertigh@icomposites are greatly influenced by
the fibre loading and fibre length. The void contehcomposites increases with increase
in both the fibre loading and fibre length. The roibardness value increases with
increase in fibre length. As far as the effectibfe loading is concerned composites with
5wt% fibre loading shows better hardness valuecsspared to 10wt% irrespective of
fibre length except for 20 mm length. A graduafigrease in tensile and flexural strength
can be observed with the increase in the fibretleng to 15 mm of composites.
However, further increase in fibre length i.e. 2thrthere is a decrease in the strength
properties. It can be observed that with the irseda fibre length, the tensile modulus
increases irrespective of fibre loading.

3. SEM images of the fracture surfaces of composites the tensile test shows that the
increase in strength properties of composites at%0fibre loading and 15mm length is
due to the better adhesion between fibre and matrix

4. The rate of moisture absorption increases withease in both fibre loading and fibre
lengths. The minimum water absorption rate is olegbfor composites with 5wt% fibre

loading and at 5mm fibre length.
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5. TOPSIS method is used to select a best alternfttve a set of alternatives. It has been
observed that ranking of composite materials artoll®vs: Rank 1(C3), Rank 2 (C2),
Rank 3 (C4), Rank 4 (C7), Rank 5 (C8), Rank 6 (&&nk 7 (C1) and Rank 8 (C5).

1.1 Scopefor futurework

There is a very wide scope for future scholarsqaae this area of research. This work can

be further extended to study other aspects of swchposites like use of other potential

fillers for development of hybrid composites andleation of their mechanical and physical

behavior.
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