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A B S T R A C T

The development of natural fibre reinforced polymer composites has gained popularity in many appli-

cations due to their environment friendly characteristics over the synthetic fibre based polymer composites.

This paper describes the fabrication and physical, mechanical, three-body abrasive wear and water ab-

sorption behaviour of Luffa fibre reinforced polyester composites with and without addition of micro-

fillers of Al2O3, CaCO3 and TiO2. The ranking of the composite materials has been made by using Technique

for order preference by similarity to ideal solution (TOPSIS) method with output parameters of their phys-

ical, mechanical and abrasivewear andwater absorption attributes. The addition of microfillers has enhanced

greatly the physical and mechanical properties of Luffa-fibre based composites. The addition of microfillers

has influenced the physico-mechanical properties of Luffa-fibre based polyester composites in descend-

ing order of CaCO3, Al2O3, and TiO2.

Copyright © 2015, The Authors. Production and hosting by Elsevier B.V. on behalf of Karabuk

University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Over the past few decades, remarkable interest has been ob-
served in natural fibre as a substitute for glass and ceramic owing
to its eco-friendly and renewable nature, low cost, lightweight, high
specific mechanical performance, etc. Natural fibres such as kenaf
[1], bagasse [2], jute [3–8], ramie, oil palm [9] and hemp [10] have
been investigated as reinforcements for the fabrication of fibre-
reinforced polymer composites. Natural fibres can be used as
alternatives of synthetic fibres, e.g. aramid, glass, carbon, etc. [11].
Natural fibre based polymer composites have found application in
furniture, packaging, acoustics vibration isolation, impact energy ab-
sorption, building, automobile industries, aeronautics, and naval
application [12–17]. The fruit of spongeguard (Luffa cylindrica) belongs
toCucurbitaceous family [18] and is naturally available inmany coun-
tries. The young cylindrical Luffa fruit is edible and contains many
compounds suchasphenolics, lavonoids, triterpenoids and ribosome-
inactivating protein. Luffa fruit has been effectively utilized for
medicinal purposes such as immune-stimulatory and anti-
inflammatory agent [19]. Luffa sponge is a suitable natural fibre and
has been successfully utilized in the process of bio-sorption of heavy
metals from waste water. This emerging cash crop has full poten-
tial to improve the economy of developing nation. Luffa cylindrica is
available inmat formnaturally [18–21]. The Luffa fibres contain 84%

holocellulose, 66% cellulose, 17% hemi-cellulose, 15% legnin, 3.2%
extractives, and 0.4% ashes [22]. The physical properties of Luffafibre
are of density 820 kg/m3, diameter 25–60 μm, and crystallinity index
59.1 [19,22–24]. Oboh et al. [18] demonstrated the capabilities and
applications of Luffa fibres inmedicine, agriculture, and science and
technology.Msahli et al. [25] investigated that flexural strength and
adhesion between Luffa fibre and polyester matrix was improved
by acetylating and cyanoethylating treatments of Luffa fibres.
Srinivasan et al. [26] investigated thatmechanical properties of Luffa

fibre epoxy composites filled with SiO2 nanoparticles increased by
2% than unfilled Luffa fibre epoxy composites.

TOPSIS method is a powerful Multiple-Attribute DecisionMaking
technique for selecting the best alternatives from number of pos-
sible alternatives. According to this the best alternative would be
the one that is closest to the positive ideal solution and farthest from
the negative ideal (hypothetically worst) solution. The main aim of
TOPSIS is to select the top ranked alternative and compare it with
all ranks in this set of simulations. TOPSIS method has been stan-
dardized as a multi-criteria decision making tool in a much wider
horizon of applications such as Supply Chain Management and Lo-
gistics, Design, Engineering and Manufacturing Systems, Business
and Marketing Management, Health, Safety and Environment Man-
agement, Human Resources Management, Energy Management,
Chemical Engineering, Water Resources Management and others as
nicely reviewed by analysing 266 scholary papers from 2000 to 2012
[27]. In Design, Engineering andManufacturing Systems, TOPSIS pro-
vided the best possible solution to seventy-two different applications
in materials, manufacturing, machatronics, robotics, automobiles,
aviation, energy and power, engineering design. Etc. [27]. TOPSIS
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has been explored as a useful tool in the selection of subsystems
for a composite product development in order of preference for a
given application [28,29]. For composites, the TOPSIS method can
be effectively applied for determining the ranking based on the rel-
ative importance/weightage of one or more physical/chemical/
mechanical properties according to the service requirements or
products’ qualities. In this work all the composite materials have
been compared using TOPSIS method and ranking has been done
accordingly. The decision matrix, normalization matrix, weight nor-
malizedmatrix, ideal positive and ideal negative solution, separation
measure, relative closeness value and ranking are tabulated in
Tables 4, 5, 6, 7, 8 and 9 respectively.

The incorporation of filler into polymer has proved to be an al-
ternative for the improvement of the performance of the resultant
composites. Hybridization of fibres with fillers has been used to
enhance the properties of composites. A judicious selection of matrix
and the reinforcing phase can lead to a composite with a combi-
nation of strength and modulus comparable to or even better than
those of conventional metallic materials. The improved perfor-
mance of polymers and their composites in industrial and structural
applications by the addition of particulate filler materials has shown
a great promise and so has lately been a subject of considerable in-
terest. Specific fillers (additives) are added to enhance and modify
the quality of composites. Mechanical properties are reckoned as
the most important of all the physical and chemical properties in
majority of applications [30]. The plastics/polymers should be able
to sustain high tensile loading, impact loading, fatigue loading, etc.
and offer high resistance to wear, abrasion, etc. in order to achieve
a widespread applicability as well as economical and lightweight
alternatives of ferrous and non-ferrous materials. Tensile strength
is one of the most widely measured mechanical properties of com-
posites utilized in structural applications. Fibre reinforcement
enabled a good combination of properties to polymer composites
finding wide usefulness in structural and automotive’s compo-
nents applications [31]. The car manufacturers fabricated non-
structural components using hemp and flax fibres owing to their
higher specific strength and lower cost compared to conventional
reinforcements [32]. The natural fibres are eco-friendly; most eco-
nomically sustainable resources are available abundantly in nature
and are exploited selectively and wisely in the development of high
performance polymer composites. Therefore, it has been the prime
motives of many materialists and researchers to develop polymer-
ic composites with high mechanical properties by suitable selection
of fibres and their chemical modifications, resin compounds and
hybrid fillers in a most economical way. In recent years, studies have
been made about the fabrication and physical/chemical/mechanical
characterization of plain and chemically treated luffa fibres based
polymer composites. Demir et al. treated Luffa fibres by three dif-
ferent coupling agents namely (3-aminopropyl)-triethoxysilane (AS),
3-(trimethoxysilyl)-1-propanethiol (MS), and maleic anhydride
grafted polypropylene (MAPP) and demonstrated better mechan-
ical properties with MS-treated Luffa fibre based polypropylene
composites owing to better adhesion betweenmatrix and fibres [33].
Recently, the effect of chemical (2% NaOH/1–3% Methacrylamide)
treatments of Luffa cylindrica on physico-mechanical properties of
polyester composites were investigated [34]. In a novel value ad-
dition to Luffa cylindrica/Polyester composites, an attempt has been
made to identify one or more selective micro-additives for devel-
oping high performance polymer composites with enhanced physico-
mechanical properties. In the present work, the effect of different
micro-additives such as Al2O3, CaCO3 and TiO2 has been investi-
gated on the physico-mechanical, three body abrasive wear and
water absorption behaviour of Luffa fibre reinforced polyester com-
posites. Finally, the ranking of as fabricated polymer composites has
been made by TOPSIS method on the basis of their physical, me-
chanical and abrasive wear and water absorption attributes.

2. Experimental details

2.1. Materials

Luffa fruits (shown in Fig. 1a) were collected locally from the hilly
terrain of Pauri-Garhwal, India and further treated with water for
24 hours in order to remove wax, lignin and oil from the external
surface of Luffa fibres and then dried at room temperature. After
drying under Sun-bath for a few days, a fibrous mat was cut from
the outer core of Luffa fruit-shell which was further placed between
two flat wooden plates and straightened to uniform thickness by
applying uniform compressive load with mechanical Bench Vice for
a few hours. Finally a fibrous mat of dimension (290mm × 200mm)
was cut as shown in Fig. 1b. Al2O3, CaCO3 and TiO2 were taken as
micro particulate fillers and unsaturated pure polyester was taken
as a matrix material. Micro particulate fillers (Al2O3, CaCO3 and TiO2)
were procured from Kalindi Medicure Pvt. Ltd, Dehradun India and
Intelligent Materials Pvt Ltd, Chandigarh, India. Unsaturated Poly-
ester (Isophthalic) resin was obtained from Amtech Esters Pvt. Ltd.
New Delhi, India. The chemical structure of isophthalic polyester
resin is shown in Fig. 1c [35].

2.2. Composite fabrication

Fabrication of composite was done by a conventional method
called hand lay-up method. Hand lay-up method has been a widely
explored technique of fabricating natural fibre based composites
owing to its simplicity, cost effectiveness and flexibility, which is
economically suitable to developing countries and less financially
supported Universities and Colleges. A nice review on character-
ization of natural fibre and composites has been made by
Satishkumar et al. where lots of natural fibre based composites were
prepared by hand lay-up method [36]. A wooden mould of dimen-
sion 300 × 210 × 20mm3 was used. Al2O3, CaCO3 and TiO2 microfillers
were mixed carefully and mechanically stirred in a plastic jar ac-
cording to composition of composites with polyester resin, hardener
and accelerator in the ratio of 100:1.5:1.5 byweight [37,38]. For quick
and easy removal of composites, a mould release sheet was put over

Fig. 1. The image of (a) Luffa cylindrica Fruit, (b) rectangular portion of Luffa fibre,

(c) chemical structure of isophthalic polyester resin.
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the wooden mould and a mould release spray was applied at the
inner surface of the mould. After keeping the mould on a ply-
board, a thin layer of the mixture was poured followed by
distribution of fibre lamina onto the mixture. The resin was applied
over the fibre laminate, and the procedure was repeated to get the
desired thickness. The remainder of the mixture was poured into
themould. Immediately after pouring the resinmixture in themould,
the resin-containing mould was placed in desiccators and de-
gassed by using a suction pump, allowing the air bubbles formed
during processing to escape. A load of 25 kg was applied from the
top and the mould was allowed to preserve at room temperature
for 24 hours. After 24 hours, the samples were taken out of themould
and were cut into required size for mechanical, wear and water ab-
sorption tests by a wire hacksaw blade. The detail designation and
composition of composites are given in Table 1.

3. Characterizations of composite materials

3.1. Physical testing

The composites under this investigation consists of mainly three
constituents, namely, matrix, Luffa fibre, and micro fillers. The the-
oretical density of composites in terms of weight fraction can easily
be obtained as per Equation (1) [39,40]

ρ
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where, W and ρ designate the weight fraction and density respec-
tively. The suffix f, m, p and ct represent the fibre, matrix, particulate
and the composite theoretical, respectively.

The experimental density (ρce) of the composite, however, can
be determined experimentally by simple water-immersion tech-
nique [40]. The volume fraction of voids (Vv) in the composites is
calculated using Equation (2) [39,40]

Vv
ct ce
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=
−ρ ρ

ρ
(2)

3.2. Mechanical testing

Tensile tests were conducted on computerized Universal Testing
Machine HEICO (HL-590) with a cross-head speed of 10 mm/min.
The tensile test samples were prepared according to ASTM: D303
standard and shape of samples were like dog-bone. Specimens of
various composites after tensile test are shown in Fig. 2. Three points
flexural test specimens were performed on the same machine at
cross-head speed of 10 mm/min according to ASTM: D790 with di-
mension of 140 × 15 × 5 mm. Impact test specimens were cut
according to ASTM: E23 to measure the impact strength. The speci-
mens were prepared with the dimension of 55 × 10 × 10 mm and
the depth of the notch was 3.33 mm (t/3 mm) with 45o angle. The
samples were fractured in Charpy impact testing machine and the
energy (joule) absorbed while being broken was observed. Com-
puterized Vickers Hardness Tester was used tomeasure the hardness
of composite specimens under the ASTM E92 standards. A diamond
intender with an apical angle of 136° was intended over the surface
of the specimen under a load of 1 kg for 15 second.

3.3. Three body abrasive wear test

The three-body abrasive wear tests were performed on dry sand
rubber/wheel abrasion tester as per ASTM G 65 test standards. This
test was performed by keeping these parameters constant (i.e. normal
load: 67 N sliding distance: 1046.15m, abrasive size: 100 μm, wheel
speed: 150 rpm and counter: 1500). Fig. 3 shows the abraded com-
posite samples with and without fillers.

Table 1

Detailed designation and composition of composites.

S. No. Designation Compositions

1 C1 Polyester + Luffa fibre (0 wt%)

2 C2 Polyester + Luffa fibre (5 wt%)

3 C3 Polyester + Luffa fibre (10 wt%)

4 C4 Polyester + Luffa fibre (5 wt%) + Al2O3 (5 wt%)

5 C5 Polyester + Luffa fibre (10 wt%) + Al2O3 (5 wt%)

6 C6 Polyester + Luffa fibre (5 wt%) + CaCO3 (5 wt%)

7 C7 Polyester + Luffa fibre (10 wt%) + CaCO3 (5 wt%)

8 C8 Polyester + Luffa fibre (5 wt%) + TiO2 (5 wt%)

9 C9 Polyester + Luffa fibre (10 wt%) + TiO2 (5 wt%)

Fig. 2. Tensile tested specimens of various composites.
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3.4. Water absorption test

Moisture absorption studies were performed as per ASTMD 570-
98 standards and sample size was two inch diameter disks, 0.125″
or 0.250″ thick. The weight of the samples was taken before sub-
jecting them to normal water. After exposure for 24 hours, the
specimens were taken out from the moist environment and all
surface moisture was removedwith a clean dry cloth or tissue paper.
The specimens were reweighed to the nearest 0.001 mg by elec-
tronic digital balance within 1 min of removing them from the
environment chamber. The specimens were weighed regularly at
24, 48, 72, 96, 120, 144 and 168 hours exposure. The ratio of in-
crease in mass of the specimen to the initial mass gives the
percentage moisture absorption.

4. Results and discussion

4.1. Physical properties

The theoretical andmeasured density of composite samples with
their void volume fraction is presented in Table 2. The differences
in theoretical and experimental densities are the measure of voids
present in composite samples. It is difficult to avoid the formation
of voids in the composites fabricated by the hand layup tech-
nique, but maximum possible measures were taken to minimize the
formation of these voids during the fabrication of the composites.
It is necessary to determine the void content of the composites as
it affects the property of the material. Table 2 reveals that the void
fraction in the composites increases with the fibre loading. The
natural fibres consist of lumens in its cellular structure which acts
as void. It means such fibre carries these voids naturally. Thus, it
agrees with the reason of increase in void content with the in-
crease in fibre loading [41]. A similar trend is also observed by
previous researchers [42,43]. It is also noticed that composite C5
contains the highest void fraction than other composites. The highest
volume fraction of voids associated with alumina filled Luffa/

Polyester composites may be attributed to its poorer bonding with
resin matrix owing to its much higher ceramic nature compared to
TiO2 and CaCO3. In an earlier investigation of reinforcing of treated
and untreated Al2O3 in unsaturated polyester composites, the un-
treated Al2O3 nano/micro-particles exhibited poorer bonding with
unsaturated polyester resin and on the counterpart the organo-
functional silane treated Al2O3 exhibited enhanced bonding strength
with unsaturated polyester [44]. It can be interpreted from Table 2
that by increasing the load wt% of Luffa fibre from 5% to 10%, the
volume fraction of voids increases, which may be attributed to the
increased volume fraction of lumens in the cellular structure of Luffa

fibre and poor wetting of high content Luffa fibre with resin matrix.
A similar trend was also observed with increasing load wt% of
microadditive from 5% to 10% of each Al2O3, CaCO3 and TiO2; however
the volume fraction of voids of plain10 wt% Luffa cylindrica/
Polyester composites got substantially decreased from 4.9% to 2.1%
with CaCO3 and 3.3% withTiO2 microadditive. From this observa-
tion, CaCO3 and TiO2 may be envisaged to enhance the wettability
of fibres withmatrix and/or occupying somemicroscale voids formed
due to poor wettability of fibres and unavoidable voids formation
associated with hand lay-up technique.

4.2. Mechanical properties

4.2.1. Tensile strength

Fig. 4 shows the effect of fibre loading on both with and without
micro-fillers in Luffa fibre reinforced composites. It can be clearly
observed that the tensile strength of the composites decreases with
the increase in fibre loading in both cases, i.e. with and without
micro-fillers. This may be due to the poor adhesion between fibre
and matrix, but the addition of different microfillers (Al2O3, CaCO3

and TiO2) influences the tensile strength of composites. This may
be due to good particle dispersion and strong polymer/filler inter-
face adhesion for effective stress transfer. From the obtained results,
the composite C6 exhibitedmaximum ultimate strength (37.33MPa)
compared to other filled and unfilled composites.

4.2.2. Flexural strength

Comparison of the flexural strengths of composite materials is
shown in Fig. 5. It is clearly indicated that composites C7 exhib-
itedmaximumflexural strength (72MPa)when comparedwith other
filled and unfilled composites. This may be due to good compati-
bility between filler and matrix. It is also noticed that flexural
strength of composites increases with the increase in fibre loading
except composites C8 and C9 filled with TiO2. The addition of dif-
ferent fillers (Al2O3, CaCO3 and TiO2) in different fibre loading of Luffa

fibre composites affects the flexural strength of composites due to
uniform distribution of filler materials and increased effective
bonding between filler materials and matrix and strong polymer/
filler interface adhesion.

Fig. 3. Abraded specimens of various composites.

Table 2

Theoretical and experimental densities with void fractions in composites.

Composites Theoretical density

(gm/cm3)

Experimental

density (gm/cm3)

Volume fraction

of voids (%)

C1 1.20 1.189 0.91

C2 1.174 1.156 1.5

C3 1.151 1.094 4.9

C4 1.212 1.144 5.6

C5 1.188 1.085 8.6

C6 1.205 1.187 1.4

C7 1.181 1.156 2.1

C8 1.213 1.194 1.5

C9 1.189 1.149 3.3
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4.2.3. Impact strength

The effect of fibre content on the impact strength is shown in
Fig. 6. It is observed from the figure that the addition of fibre and
fillers in the matrix leads to improved impact strength of the com-
posites. The impact strength increases with the increase in the fibre
loading of the composites. In case of composites with higher fibre
content the chance of fibre pull-out is greater. As the fibre content
in composites increases, more energy will be required for the weak-
ening of the fibre matrix bonding; in other words more energy will
be absorbed by the fibres. From the figure, it is clearly indicated that
composites C7 exhibited maximum impact strength (8 joules) when

compared with other filled and unfilled composites. The good
bonding strength between microfillers, matrix and fibre and flex-
ibility of the interface molecular results in absorbing and dispersing
more energy, and prevents the early initiation of cracks more
effectively.

4.2.4. Hardness test

Vickers hardness test has been conducted on the composite
samples. Fig. 7 depicts that the hardness value of fillers filled com-
posites increases with increase in fibre weight percentage but in
the case of unfilled composites it decreases. The experimental results
indicated in Fig. 7 reveals that the composite C5 has exhibited
maximum hardness number (12.9 HVN). This may be due to uniform
dispersion of Al2O3 particles and decrease in inter particle dis-
tance in the matrix which results in increase of resistance of
composites against indentation. The filler filled composites exhib-
its better hardness compared to the unfilled composites.

Fig. 4. Effect of different composition of composite materials on tensile strength.

Fig. 5. Effect of different composition of composite materials on flexural strength.

Fig. 6. Effect of different composition of composite materials on impact strength.

Fig. 7. Effect of different composition of composite materials on hardness.
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4.3. Three body abrasive test

Fig. 8 displays the effect of different composition of composite
materials on the specific wear rate of composites keeping param-
eters constant (i.e. normal load: 67 N, sliding distance: 1046.15 m,
abrasive size: 100 μm, wheel speed: 150 rpm and counter: 1500,
shown in Table 3). It is observed from the figure that in compos-
ites filled with Al2O3 and TiO2, the specific wear rate of composites
increases with increase in fibre loading whereas in CaCO3 filled and
unfilled composites it decreases with increase in fibre loading. Com-
posite C5 exhibited maximum specific wear rate which can be due
to presence of maximum (8.6%) volume fraction of voids. The com-
posite C8 exhibited minimum specific wear rate owing to its low
(1.5%) volume fraction of voids.

4.4. Water absorption test

Water absorption test is very important to determine the water
absorptivity of the composite materials [45]. The effect of fibre
loading on the water absorption of the filled and unfilled Luffa-
fibre reinforced composites with increase in immersion time is
shown in Fig. 9. It is evident from the figure that the rate of mois-
ture absorption increases with increase in fibre loading. Generally,
the rate of water absorption is greatly influenced by the materials
density and void content. It is clearly seen in the figure that 10 wt%
of fibre loading results in higher water absorption rate as com-
pared to 5 wt% fibre loading in both unfilled and filled composites.
The reasonmay be explained from earlier observations that the Luffa

fibres contain abundant polar hydroxide groups, which result in a

high moisture absorption level of natural fibre reinforced polymer
matrix composites and are a major obstacle for preventing exten-
sive applications of these materials [46]. The minimum water
absorption rate is observed for composite C8 with 5 wt% of fibre
loading filled with TiO2 microfiller. It is also observed from the figure
that the water absorption rate generally increases with immer-
sion time, reaching a certain value at a saturation point where no
more water is absorbed. The maximum weight gain from 0.89% to
2.16% (weight fraction) is observed by the composite specimens at
room temperature.

4.5. Ranking of materials using TOPSIS method

TOPSIS method is a powerful technique for selecting the best al-
ternatives from number of possible alternatives. According to this
the best alternative would be the one that is closest to the positive-
ideal solution and farthest from the negative ideal solution. Themain
aim of TOPSIS is to select the top ranked alternative and compare
it with all ranks in this set of simulations. All the composite ma-
terials have been compared using TOPSIS method and ranking has
been done accordingly. The decision matrix, normalization matrix,
weight normalized matrix, ideal positive and ideal negative solu-
tion, separation measure, relative closeness value and ranking are
tabulated in Tables 4, 5, 6, 7, 8 and 9 respectively.

Finally the ranking of filled and unfilled composites based on their
properties has been shown in Table 9. It has been clearly observed
that ranking of composite materials are as follows: Rank 1 (C7: Poly-
ester + 10wt% Luffa fibre + 5wt% CaCO3), Rank 2 (C4: Polyester + 5wt%
Luffa fibre + 5 wt% Al2O3), Rank 3 (C8: Polyester + 5 wt% Luffa

fibre + 5 wt% TiO2), Rank 4 (C6: Polyester + 5 wt% Luffa fibre + 5 wt%
CaCO3), Rank 5 (C5: Polyester + 10wt% Luffa fibre + 5wt% Al2O3), Rank
6 (C9: Polyester + 10 wt% Luffa fibre + 5 wt% TiO2), Rank 7 (C1: Poly-
ester + 0 wt% Luffa fibre), Rank 8 (C2: Polyester + 5 wt% Luffa fibre)
and Rank 9 (C3: Polyester + 10 wt% Luffa fibre). From the rank anal-
ysis, it can be demonstrated that the addition of 5 wt% of CaCO3 to
(C3: Polyester + 10 wt% Luffa fibre) composites has enhanced the
ranking or performance from last position to the first position.

5. Conclusions

In summary, this work has demonstrated the effective compar-
ative role and TOPSIS ranking of different microadditives such as
Al2O3, CaCO3 and TiO2 towards fabrication of enhanced physical, me-
chanical and three-body abrasive wear properties based hybrid Luffa

cylindrica/Polyester composites. It has been observed that the void

Fig. 8. Effect of different composition of composite materials on specific wear rate.

Table 3

Specific wear rate of filled and unfilled Luffa fibre composites (at constant sliding

distance of 1046.15 m, counter of 1500, wheel speed of 150 rpm and normal load

of 67 N.

Composites Initial wt. of

work piece

(gm)

Final wt. of

work piece

(gm)

Loss of

wt. (gm)

Specific

wear rate

(mm3/Nm)

C1 18.987 16.029 2.958 0.036761

C2 17.925 15.729 2.196 0.027102

C3 14.830 13.016 1.814 0.023657

C4 14.877 12.830 2.047 0.025528

C5 13.498 10.922 2.576 0.034283

C6 19.354 16.893 2.461 0.029041

C7 17.923 16.210 1.713 0.021141

C8 15.147 13.616 1.531 0.018294

C9 16.665 14.893 1.772 0.022003

Fig. 9. Effect of immersion time on water absorption properties of composites.
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content of composites increases with increase of wt% of fibre loading
and microadditives; however the volume fraction of voids of plain
Luffa based composites has got substantially decreased with the ad-
dition of CaCO3 and TiO2. In tensile testing, the tensile strength of
hybrid composites decreases with increase in fibre loading. It is also

found that microadditive filled composites shows excellent tensile
strength compared to unfilled composites with highest tensile
strength obtained with 5wt% Luffa-fibre based polyester composited
filled with 5% CaCO3. In flexural testing, an opposite behaviour

Table 4

Decision matrix.

Composites Density

(gm/cm3)

Tensile strength

(MPa)

Flexural strength

(MPa)

Impact strength

(joule)

Hardness

(Hv)

Specific wear rate

(mm3/Nm)

Water absorption

(%)

C1 1.189 17.5 29.4 2 4.5 0.036761 0.0288

C2 1.156 22.3 36 3.33 7.6 0.027102 0.9371

C3 1.094 20.33 42 4.33 5.8 0.023657 1.5614

C4 1.144 32.33 58.5 6 9.2 0.025528 1.3216

C5 1.085 31.66 63.9 7 12.9 0.034283 2.1698

C6 1.187 37.33 70.2 5.33 6.6 0.029041 1.3155

C7 1.156 33 72 8 9.3 0.021141 1.6503

C8 1.194 24 62.48 5 5.5 0.018294 0.8921

C9 1.149 23.5 59.74 6.5 6 0.022003 1.5106

Table 5

Normalization matrix.

Composites Density

(gm/cm3)

Tensile strength

(MPa)

Flexural strength

(MPa)

Impact strength

(joule)

Hardness

(Hv)

Specific wear

rate (mm3/Nm)

Water absorption

(%)

C1 0.3443 0.2110 0.1725 0.1198 0.1903 0.4531 0.0069

C2 0.3347 0.2689 0.2113 0.1995 0.3214 0.3340 0.2252

C3 0.3168 0.2451 0.2465 0.2594 0.2453 0.2916 0.3753

C4 0.3312 0.3899 0.3434 0.3595 0.3891 0.3146 0.3177

C5 0.3142 0.3818 0.3751 0.4194 0.5456 0.4225 0.5216

C6 0.3437 0.4502 0.4121 0.3193 0.2791 0.3579 0.3162

C7 0.3347 0.3979 0.4226 0.4793 0.3933 0.2605 0.3967

C8 0.3457 0.2894 0.3668 0.2996 0.2326 0.2254 0.2144

C9 0.3327 0.2834 0.3507 0.3894 0.2537 0.2712 0.3631

Table 6

Weight normalized matrix.

Composites Density

(gm/cm3)

Tensile strength

(MPa)

Flexural strength

(MPa)

Impact strength

(joule)

Hardness

(Hv)

Specific wear

rate (mm3/Nm)

Water absorption

(%)

C1 0.049185 0.030142 0.024643 0.017114 0.027186 0.064729 0.000986

C2 0.047814 0.038414 0.030186 0.0285 0.045914 0.047714 0.032171

C3 0.045257 0.035014 0.035214 0.037057 0.035043 0.041657 0.053614

C4 0.047314 0.0557 0.049057 0.051357 0.055586 0.044943 0.045386

C5 0.044885 0.054543 0.053586 0.059914 0.077943 0.060357 0.074514

C6 0.04910 0.064314 0.058871 0.045614 0.039871 0.051129 0.045171

C7 0.047814 0.056843 0.060371 0.068471 0.056186 0.037214 0.056671

C8 0.049385 0.041343 0.0524 0.0428 0.033229 0.0322 0.030629

C9 0.047528 0.040486 0.0501 0.055629 0.036243 0.038743 0.051871

Table 7

Ideal positive and ideal negative solution.

Solution Density

(gm/cm3)

Tensile strength

(MPa)

Flexural strength

(MPa)

Impact strength

(joule)

Hardness

(Hv)

Specific wear

rate (mm3/Nm)

Water absorption

(%)

A+ (Positive ideal solution) 0.044885 0.064314 0.060371 0.068471 0.077943 0.0322 0.000986

A- (negative ideal solution) 0.049385 0.030142 0.024643 0.017114 0.027186 0.064729 0.074514

Table 8

Separation measure.

Composites S+ S-

C1 0.093459 0.073528

C2 0.073669 0.051618

C3 0.084722 0.039763

C4 0.055987 0.066877

C5 0.080086 0.076684

C6 0.065593 0.066018

C7 0.060528 0.080906

C8 0.064408 0.067647

C9 0.07222 0.059261

Table 9

Relative closeness value and ranking.

Composites Relative closeness Ranking

C1 0.440322 7th

C2 0.411998 8th

C3 0.31942 9th

C4 0.544317 2nd

C5 0.48915 5th

C6 0.501615 4th

C7 0.572041 1st

C8 0.512264 3rd

C9 0.450719 6th
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compared to tensile strength has been observed with highest flex-
ural strength obtained with 10% Luffa-fibre filled with 5% CaCO3.
Hardness increases with fibre loading in microadditive filled com-
posites, whereas in unfilled ones it decreases. Maximum hardness
was obtained with 10% Luffa-polyester composites filled with Al2O3.
The impact strength was observed to increase with increase in Luffa-
fibre loading and maximum value of impact strength was obtained
at 10% Luffa-polyester composites filled with 5% CaCO3. The polymer
composites with 5% Luffa-fibre and 5% TiO2 microfillers exhibited
smallest specific wear rate among all filled and unfilled polymer
composites. The rate of moisture absorption increases with in-
crease in both fibre loading in both filled and unfilled composites.
The minimumwater absorption rate is observed for composite with
5 wt% Luffa-fibre and with 5% TiO2 microfillers except pure polyes-
ter. Microfillers have proved to act as major role in controlling the
physico-mechanical performance of polymer composites with best
ranking of polymer composites obtained with addition of 5 wt% of
CaCO3 to 10 wt% Luffa fibre based Polyester composites by apply-
ing TOPSIS method.
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