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ABSTRACT

f automobile
field(brake pad body panels,), aerospace, insul i , , , , cable, welding
helmet, chair, table, roof etc. because of its envi
performance. The sisal and betel nut fibre, its lo trength to betel nut and other

g to the application-oriented

e the material failure morphology, The sodlum hydroxide
analysis & study of the free radical structure is necessary

which is native of Malay§i2’and widely grows across Asia, Taiwan, and India. This research aims
to study the physical an@l morphological properties of betel nut husk agro-decay to determine the
suitability of betel nut husk fibre as reinforcement in polymer composites [1]. In this study, we
have developed novel composite material using betel nut fibre reinforced with unsaturated
polyester. The effect of chemical treatment onto betel nut fibres on mechanical, sound absorption
and thermal properties of composites has been examined. The reinforcing property of the alkali
treated fibre was also compared with that untreated fibre [2]. Epoxy resin in its restore state has
many desirable properties such as high stiffness and strength, excellent chemical and solid
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resistance. However, its main drawback is brittleness. One of the most successful methods of
improving epoxy toughness is combined with reactive liquid elastomers, e.g. amine-terminated
butadiene acrylonitrile (ATBN). In this work, sisal fibre, a renewable natural fibre with a high
specific strength and biodegradable properties, was selected. Normally, when the hydrophilic
fibre is employed in the hydrophobic polymer, various fibre surface treatments have been done
for improving interfacial adhesion and mechanical properties. Therefore, the authors studied the
effects of alkalized and silanized woven sisal fibre on the mechanical properties of GDNR/epoxy
resin blend[3,2]. Composite materials are known to have high sp odulus, high specific
strength, high resistance to corrosion, low weight and can be taddfed to meet specific purpose,
which give them advantage over universal materials such as and ceramics reported that

abrasiveness to processing equipment using

composites; specifically treated betel nut fibref€inforced polyester (T-BFRP)

mat (CSM) glass fibres respectively. For th itmisHi rtant to a€quire fundamental
considerate of different wear mechanisms

stiffness and strength , light in
fabrication due to its lower fibre

Wer in cost . Fibres free from impurities
h. It was reported that further improvement of fibre

to the formation of rougher fibre surfaces [6, 4]. Composites

ncludes that the sisal fiber is an ideal substitute of asbestos

ndous advantages and opportunities associated with natural
fibers, there is a n fugther investigate the tribological behavior of natural fiber based
polymer composites. the present work aims to explore the possibility of using natural
fibers in PLA matrix agfa new applicant for tribological applications. The natural fibers used in
the study are nettle, grew option and sisal fibers in mat form. The composite laminates were
developed using the hot compression method. The dry sliding depreciation test on composite
specimen has been carried out against steel counterface using the pin on disc apparatus for
different sliding conditions. Friction coefficient and specific wear rate were calculated from the
experimental results. The results show that wear execution of PLA, biopolymer has improved
significantly due to natural fiber reinforcement. The maximum specific wear rate of developed
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composites was more than 70% lower than the maximum wear rate of neat PLA. The scanning
electron microscopy (SEM) technique has been occupied to study the worn surface morphology
and possible wear mechanism[7]. The intention of this paper is to fabricate a new set of carbon
black particulate filled polymer composite using biowaste wood apple shell. The effect of strong
particle erosion wear and morphological behavior of the composite was measured. In addition,
the wood apple shell particles were also characterized by EDS analyzer to find out the
elementary composition present in the wood apple shell particles. Some results, previously
published by Adinataetal.(2007), Dandekar et al. (2005) and Abd lil et al. (2007), were
very encouraging and point towards the possibilities of struct and thermal applications of
these composites[8]. Microstructural studies reveal the e i

compared with as cast matrix alloy and its
exhibit higher fatigue strength. Both as a cas
fatigue strength when compared with the

e mechanisms [9]. There is
ocesses when nylon fibres

d do not melt in the asphalt

et process. Moreover, the field
dry process [10]. The author is

e, aerospace, insulating materials etc. This
ior such as tensile, flexural and impact properties of

erties of [12,8]. In consequence, this work is mainly aimed at
evaluating mechanic and morphological properties of the blends of
polypropylene/filler, und®r the effects of different doses of gamma radiation. Filters used were
wood flour and sisal fibre at 40 and 20 wt.% compositions, respectively. This selection was based
on previous works carried out by other researchers and in our own laboratory In order to know
the mechanism and the kinetics of the processes taking place in polymers with the participation
of free radicals, study of the free radical structure is important using Electron spin resonance
(ESR) and infrared spectroscopy (FTIR) [13]. The above review obviously shows that there is
small work have been done on the impact of stacking sequence and addition of glass fibers with
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two or more natural fibers. Hence, the present study is mainly focused on the influence of various
stacking sequences on mechanical properties of the hybrid combination of banana, sisal and glass
fibers[14,11]. The composites produced were characterized in terms of thermal and mechanical
properties. Even though, a very large quantity of work has been published on various natural
fibers based bio-composites, an effort has been made in the present work to introduce a new
triglyceride oil-based polyurethane i.e. RSO-based polyurethane as the matrix in the
development of new composite materials for lightweight structures. RSO is abundantly available
in countries like Nigeria, India, Malaysia, etc. and is currently und ized. It is hoped that the
findings from this study will expand the application of RSO [1 he current work focuses on
the effect of abrasiveness to processing equipment using na d synthetic fibres reinforced

the worn surfaces [16]. The results show
improved significantly due to natural fiber
developed composites was more than 70%l m wear rate of neat PLA.
d to study the worn surface
p [17,16]. ).Hence, the ill be an adsorption of the

gh the ion-p

f fabrication of composites, a number of consumer goods

nforced polyester composites and their performance on

ed [19]. The present paper describes the flexural fatigue
behaviour under ment control loading of a cross-ply laminate [0/90] Sisal/polyester
biocomposite. A serie atigue test measurements was performed on samples at different
values of loading levels#s, defined as the ratio of dynamic loading level with respect to the static
failure load. The use of those cyclic loading characteristics leads to a different and more
pronounced hysteresis loops, with a strong dependency over the number of cycles and the
loading ratios used [21]. The literature review studies the mechanical and thermal properties of
betel nut and sisal fibre reinforced polymer composite and the aim of improving the mechanical
and thermal properties which will replace the synthetic fibres.
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2. FABRICATION OF SISAL AND BETEL NUT COMPOSITE

2.1 Material preparation

Betelnut is the fruit of Areca palm tree (Areca catechu), a species of palm. The fruits of
betelnut are in the form of round or oval in shape, with the color of golden yellow to orange. The
betel nut husk is the fibrous part of the fruit, which equals to approximately 60 to 80 % of total
volume and weight of betelnut. The properties of betel nut fibre are given in Table.1.

Table 1 Average main chemical constitution of Betelnut fiber[1]

Fiber Alpha Hemicellulose | Lignin Pec Ash (%) | Other
Cellulose (%) (%) materials
(%) (%)

Betelnut 32.98

Table 1 Pro

prepared in the different
lyester wt%) using the cold

3 ase agent. The known weight of unsaturated
P catalyst to initiate polymerization of polyester resin

used 1o distribute the fibers uniformly and to release the air
procedure was repeated until a required thickness was
Pa was applied on the top of the mould to ensure that the

temperature. The mou opened to remove the composites [1]. The materials employed in
this investigation were/general purpose polyester resin manufactured by ADD resins and
chemicals (pty) Ltd., South Africa. The glass fiber was woven roving E-glass fiber of denier
10,820, tightness of weave 7.65 cm2, manufactured by Jiaxing Sunlong Industrial and Trading
Co., Ltd., China. The Kevlar s49 fiber was a plain weave mat with denier 1500, tightness of
weave 46.24 cm2, manufactured by Carr Reinforcement Limited,UK. The nylon fiber was plain
weave with denier 1320, tightness of weave 183.40 cm2, manufactured by Tar Erh, Co., Ltd.,
China. The hand woven nylon fiber had denier 2360, tightness of weave 117.81 cm2. Dioctyl

phthalate (DOP) was manufactured by Zhenzhoup and b Chemical Co., Ltd., China. Hand lay-up
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method followed by compression was used to produce the composites in a metallic mold using 1
in. pure bristles brush to apply the polyester mix as prepared. Nine layers of the fibers each was
used to produce the plain composites (monolithic) glass fiber reinforced polyester (GFRP),
Kevlar composite (KFRP),nylon composite (NFRP) and locally woven nylon
composite(LNFRP). Similarly, the asymmetric stacking sequence was used to produce hybrid
samples of Kevlar and glass composite (KGFRP), glass and nylon composite (GNFRP) and glass
and local nylon composite (GLNFRP) using 5 layers of glass with 4 layers of the other fiber
respectively. Also, ter hybrid composites of the fibers were produce asymmetric stacking
sequence with 3layers each of the fibers[2]. Sisal fibre were cutdf¥the length of 5 mm, 10 mm,
15 mm and 20mm. Fabrication of different composite sh nufactured by hand lay-up
method. Epoxy resin & hardener were mixed in ratio of 40" ight as recommended. An
aluminium mould with size dimension 400mmx200 sed to prepare the
composites. The properties of sisal fibre are given in

Table 2.Mechanical, physical and chemical pr@perties of sisal fibre [4].

Density i Tensil
(g/cm i e
3 streng
) th
(MPa)

365

osite has been fabricated with four different fibre lengths.

content 30% by weight. Release agent wax was used to
facilitate the easy re of the composite from the mould. In the composite preparation, curing
was done under the 30 eight for 24 hours. After 24 hours, the composite was cut according
to the ASTM standarg” for tensile, flexural and impact test[4]. Jute and sisal fibres were
reinforced in epoxy resin to prepare the hybrid composites. The epoxy resin (AY105) and
corresponding hardener (HY 951) was mixed in a ratio of 10:1 by weight as recommended. The
mix was stirred manually to disperse the resin and the hardener in the matrix. The composite
slabs were made by conventional hand lay-up technique followed by light compression moulding
technique. A stainless steel moulds having dimensions of 500 x 300 x 50 mm3 was used. A
releasing agent was used to facilitate easy removal of the composite from the mould after curing.
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The cast of each composite was cured under a load of 50 kg for 24 hours before it was removed
from a mould. The dimension of the specimen were cut as per ASTM standard by using a
diamond cutter for dynamic mechanical and water absorption testing[8]. In the solution mixing
method, a technique was developed by our group in which the fibre was mixed with a viscous
slurry of polypropylene in a toluene/xylene mixture (1:1 ratio) prepared by adding
toluene/xylene mixture to a melt of the polymer. The mix was then completely dried to remove
the solvent and was then subjected to extrusion through a hand-operated injection moulding
machine. Composites sheet of dimensions 120 mm12.5 mm m were prepared by
compression moulding[9]. The composites were prepared by Iding in a hot press. Each
composite specimen contained 12 g of sisal fibres that were into three layers of 4 g each
prior to introduction into the mould. This ensured proper

of 60 bars and temperature of 80 °C for 20

for 23 h followed by curing at 100 °C for 4 . Fi (5, 10, 15 and 20
y for the initial preparation
poxy. The fibers were laid
epoxy. After arranging the

the mould. This was followed by
a coat of epoxy was applied. The

d manually from the nut part by hand stripping method and
ter before drying in the oven at 70 C for 24 h. The dried

[15]. Coir fibre is e d from coconut (one of the major crops in Polynesian countries) while
banana fibres come f e banana pseudostem. Annual production of these fibres in India
alone is about 0.16 million tonnes and 3600 tonnes respectively. These fibres are lignoceUulosic
multicellular materials having cellulose and lignin as the major constituents. The length-to-
diameter ratio of individual cells in coir, banana and cotton fibres are in the range of 35, 150 and
1300, respectively. Coir fibre is weather resistant[19].
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2.2 Experimentation
Tensile testing was performed with an LS-28011-50 Universal Testing Machine T-
machine Technology Co., LTD, Taiwan using ASTM D638 as the control specimen. The sound
absorption properties of the composites were assessed using a locally fabricated and calibrated
two-microphone transfer function method according to ASTM E1050-10, The sound absorption
data were obtained with an impedance tube in the frequency range of 300 to 6000 Hz. All
measurements were performed in accordance with ASTM E1050-10 using the standard setup
depicted in Fig.1.
Fig.1. Effect of betelnut fiber content on sound absorptioaf€oefficients of composites[1].
The variation of tensile strength as a function of fibre is represented in figure 1. It

e e
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was observed that the betel nut/Unsaturated
Polyester composite in fibre loading from 0% to 15%. This
is primarily attributed to reinforcing effect imparted by
ing from continuous polymer matrix to dispersed
in mechanical strength of the composites was
from 15% to 20%. This decrease in the mechanical
ied poor fiber-matrix adhesion which promoted micro-crack
s non-uniform stress transfer due to fiber agglomeration
nalysis of composite samples Thermal gravimetric analysis
(TGA) was carried o i pproximately 25 mg of each sample. The sample was placed in a
sample holder in a pres€alibrated Perkin Elmer testing machine and heated at the rate of 10
C/min under nitrogen ffow of 20.0 ml/min for a temperature range of 30-900 C. The weight loss
was obtained with respect to temperature [2]. Flexural strength and modulus of epoxy and short
sisal reinforced epoxy composites are tabulated in Table 2 and corresponding data are plotted in
Fig. 2. The result of the flexural test shows the positive effect of sisal fibre reinforcement into the
epoxy matrix. The value of flexural strength was found a maximum of the composite S10 and
flexural modulus for the composite S15. The flexural strength of S15 was found 25.05%,
41.29%, 22.91% and 1.34% more than E, S5, S10 and S20 respectively while the flexural
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modulus of S10 was observed 167.33%, 10.62%, 16.68% and 10.86% more than E, S5, S15 and
S20 respectively. Fig. 4. Effect of increasing sisal fibre length on flexural properties of sisal
composite. [4].

The capability of the material to withstand suddenly applied load is its impact strength. The
impact strength of the laminates was tested by Izod impact test rig. This test measured the kinetic
energy needed to initiate the fracture and to continue until the breakage of a specimen. The
standard dimension for the 1zod test is ASTM: D4812. The test specimen was kept vertically
with the help of grippers and the pendulum was blown from on which strokes it with
kinetic energy. The energy absorbed by the material before it fragttred is recorded on the scale
which was used to measure the toughness and ductility. ifferent Izod impact testing
specimens are shown in Fig. 3. [6].Fig. 2.

ANTANVANTANY
WA

Banana fiber (B)

B Sisal fiber (S)

3X¥ Banana Sisal fiber (BS)

[F] Glass fiber (G)

(n)
uence of the Iainates (@) B, (b) G/B/G, (c) G/B/G/BIG, (d) S, (e) G/SIG, (f)

GBS/ (i) G/BS/G/BS/G. [6].

in the water bath for h and 720 h, respectively, at 30 °C + 2. Rectangular specimens of
dimensions 40 * 10 * 3 mm were prepared. The specimens were dried in an

Oven at 105 °C, cooled in a desiccator using silica gel, immediately weighed and immersed in
water. After immersion for 24 h, samples were carefully dried with a piece of soft cloth and
weighed. The difference between the final (mf) and initial weights (m) of water uptake was Used
to calculated percentage water uptake as shown in Eq. (1) thus:

L. mf—m
Water uptake.M('0) = ’Fm ? 100 133
0
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For mechanical studies, the composite samples were maintained in these conditions for
30 days, a period in which the sample have attained equilibrium moisture content. This period
was taken as equilibrium period in this study since no further remarkable change in their weights
were detected

Tahble 3
Tensile, flexural and impact properties of hybrid composite.

Fiber Tensile Tensile Flexural Flexural Impact
content strength modulus strength modulus strength
banana/ MPa MPa MPa MPa kl/m*
sisal

1000 16.12 642 57.33 8920 13.25
7525 17.39 66225 5B8.5085 9025 15.57
50/50 18.66 682.5 59.687 9130 17.9

2575 19.93 T02.75 60.8655 9235 20.22
0/100 21.2 723 62.044 9340 22.54

The determination of final moisture rformed on at least three
specimens for each sets of samples used for flexural and tensile analysis as described previously
in Section 2.4. The water imme es, dried and weighed regarded as wet samples in

the previous blend, the presence of carbonyl groups of
3) as well as bands characteristic of PP. Based on the FTIR
oups in the PP/wood flour and PP/sisal fibre blends can be

irradiation. To estima pproximate concentration of radicals in the samples, ESR spectra
were analysed. These spectra show that the formation of radicals of the peroxide type strongly
increases as the irradiation dose applied is higher. This effect is more marked in the PP/wood
flour blend. Concentration values, expressed in relative units, of the free radicals present in the
PP/wood flour and PP/sisal fibre blends as a function of the different radiation. These curves
indicate that, independently of the filler used, irradiation causes radicals in the blends to increase
as irradiation dose is also increased, the variation being insignificant at low doses (under 10 kGy)
[13].
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Table.4

Results of the FTIR spectra of irradiated PP/sisal fibre at different radiation dose

Functional group Wavenumber (cm™')

0 kGy 10 kGy 25kGy 50 kGy 60 kGy

0 S0m
R!{ 4710 M4 27550 (m) 3.1 (d) 27267 (m)

17204 ) 17231 (1) 11210 (f) 17193 (d) 17170 (m) [716.1 (1)
L)T(l(km'

Aldehyde
C=C [649.1 (m) [618.0 (d) 618.8 (d) 6198 (d) 10342 (d) 1635.0 (d)

[Olefins)
-CH, 14560 (1) 1455.0 (1) [410.1 () 14542 (1) 1453.6 (1) 1409.7 (1)
-CH; 13737 (1) 3713 (1) 1371.6(1) 13715 (1) 3711 (1) 137091

Frequency: f, strong; m, medium; d, ight,

ock on a Disc tribote’g machine was used for the current work, Fig. 4.

with the dime of 10 mm *10 mm * 20 mm was fitted into the specimen

an applied normal load of 30 N was exerted on the test

specimens unde i e. Fibre mats of the test specimens were orientated anti-
parallel to the sli irectipn of the stainless steel counterface (1250 HB) at a fix sliding
velocity of 2.8 m/s thr t the test for duration of 6.72 km of sliding distance. The test was
carried out in accordange to the ASTM G9905 standard. However, it is to be highlighted here
that, the parameters (i.e. 30 N of applied load, 2.8 m/s of sliding velocity and 6.72 km of sliding
distance) were selected due to significant wear damages (observation through the naked eyes and
SEManalysis) done/incurred onto the counterface and the test specimen contacting surfaces.
Since the current work focuses on the effect of abrasiveness to processing equipment (i.e.
stainless steel counterface of the BOD machine) using natural and synthetic fibres reinforced
polyester composites, the authors found an interest to analyse the different wear modes of
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damages through examination of surface roughness on the counterface and test specimens
followed by the assistance of SEM analysis of the composite worn surfaces. Results of the wear
and friction performance of the composites had been Previously reported by the participating
authors of [16]

Fig.4.Schematic illustration of the BOD machine and test specimen

Ite was tested against the BOD tribotesting machine, different
wear modes after th were observed at different magnifications. Fig. 7b indicates that the
predominant wear afte test (i.e. subjected to 30 N of applied normal load, 2.8 m/s of
stainless steel counterface sliding velocity and 6.72 km of sliding distance) was plastic
deformation and adhered fibre namely at the resinous region due to the high intimate contact
achieved (i.e. between counterface and composite test specimen).Besides this, there was an
evidence of softening polyester on the worn surfaces due to the high thermal mechanical loading
incurred during the dry sliding adhesive test.[18].
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3. SUMMARY AND FUTURE RESEARCH

The synthetic fibres are replaced by natural fibres for polymer composite
due to their several benefits. Sisal and betel nut fibre is one of the largely used materials in the
field of automobile field(brake pad body panels,), aerospace, insulating materials rope, brush,
mat, string, cable, cord, welding helmet, chair, table, roof etc. because of its environmental
friendly, low cost and high specific mechanical performance. The sisal and betel nut fibre, its
low density, lower flexural strength to betel nut and other material, properties of sisal and
betel nut could be improved according to the application-orie areds. The ash and glass
material used in the fabrication process should possess the p ies of thermal stability, light
weight, excellent bonding. There are so many work deals mal stability, mechanical
properties of the randomly oriented sisal and betel nut fi
composite. The composites were prepared by com i i with short length
fibre or long length fibre but different weight p tent. There

* Mechanical properties

* The composite can be

hybrid composites,

[3] S. Srisuwan, N. Prasoetsopha , N. Suppakarn and P. Chumsamrong, " The Effects of
Alkalized and Silaniz€d Woven Sisal Fibers on Mechanical Properties of Natural Rubber
Modified Epoxy Resin," 2014

[4] Hari Om Maurya, M.K. Gupta,R.K. Srivastava, H. Singh, " Study on the mechanical
properties of epoxy composite using short sisal fibre," 2015
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