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ABSTRACT KEYWORDS
Despite thermoset polymers have been widely used as engineering compo- Mechanical properties;
nents, adhesives and matrix fibre reinforced composites due to their versatile Dielectric strength;
mechanical properties compared to those of thermoplastics polymer, they Rubber:
virtually brittle and vulnerable to crack. Addition of ductile materials such as Polyester:
rubber microsized natura fibres are added in these polymers would help in Natural i bérs.

gaining tensile and flexura strength, corrosion resistance, toughness and
water absorption properties. Aim of this work is to investigate the tensile,
flexural and dielectric properties of composites made by reinforcing Sansevi-
eriacylindricaasanew natural fibreinto arubber based polyester matrix. The
fibres were extracted by retting and manual processes have been used to
fabricate the composites. These composites were tested for the properties
which mentioned above and compared with those of established composites
like waste silk, drumstick vegetable fiber and jute made under the ASTM
conditions. The compositeswerefabricated up to amaximum volumefraction
of fibreof 0.35 for impact testing, tensile, flexural and dielectric testing. It was
observed that the tensile properties were increased with respect to volume
fraction of fibre for Sansevieria cylindricafibre composite and are also more
than those of silk and drumstick composites and comparable to those of jute
composites. Theflexural strength of Sansevieriacylindricafibre compositeis
more than that of waste silk composite and is closer to drumstick fibre com-
posite with respect to the volumefraction of fibre, where asthe flexural modu-
lus is much higher than those of jute, drumstick vegetable fibre composites
and also very much closer to silk fibre composites. The dielectric strength of
Sansevieriacylindricafibre composite wasincreased with increasein volume
fraction of fibrein the composite unlike the case of waste silk, jute and drum-
stick tree vegetable fibre composites. The dielectric strength being a unique
feature of Sansevieriacylindricafibre composite can be suggested for electri-
cal insulation applications. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Natural fibersare an attractive research areabe-
causethey areeco-friendly, inexpensive, abundant and
renewable, lightwe ght, low dengity, hightoughness high
specific properties, biodegradability and non-abrasive
to processing characteristics, and lack of resduesupon
incineration. Therefore, naturd fiberscan serveasrein-
forcementsby improving the strength and stiffnessand
aso by reducing theweight of theresulting biocomposite
materia sathough the propertiesof naturd fibersvary
with their sourceand treatments. Cellulosicfibreslike
sisal, coconut (coir) and bamboo intheir natural form
aswell asseverd wastecdlulosic productssuch asshell
flour, wood flour and pul p have been used asreinforc-
ing agentsof different thermosetting and thermoplastic
composites4. Several authors have reported the
chemica composition, propertiesof 9sd fibresandthelr
compositesby incorporating thefibrein different matri-
cesbeforeand after treatment by different methods®.
It was observed that the mechanical processyiddsgood
quality of fibrecompared to retting process, eventhough
theyiddismoreinthelater case. Themechanicd prop-
ertiesof 9sa, bananaand hemp fibrecompositesusing
novolacresin, with and without maeic anhydridetreat-
ment werereported®. It was observed that the prop-
ertieslikeYoung’s modulus, flexural modulus and im-
pact strength increaseswith maeic anhydridetreatmen.
Themechanica behavior of highimpact polystyrenere-
inforced with short Sisd fibreswasinvestigated™. Higher
values of quasi-static fracturetoughnesswere exhib-
ited by the compositesin comparison to the plain ma-
trix up to afibre content of about 10 wt% of sisal. A
compositelaminate based on natural flax fibreand re-
cycled high dengty polyethylenewas manufactured by
ahand lay-up and compression moul ding technique'®.
Thetensile and impact properties of the composites
were assessed and observed that improvements in
grength and stiffness combined with hightoughnesscan
be achieved by varying thefibrevolumefraction and
controlling the bonding between layers of the compos-
ite. Composites of an aliphatic polyester with natural
flax fibresare prepared by batch mixing and the effect
of processing conditionsonfibrelengthdistributionand
the dependence of the composite mechanical proper-
ties on fibre content were investigated®. A 30% in-

Woateriolsy Science  mmm——

creasein strength is observed when natural fibres (25
vol.%) are substituted by fibres containing acetate
groups. Theproperties such astens lestrength, modu-
lus, tear strength and elongation at the break of bam-
boo fibre-reinforced natura rubber compositeswithand
without the presence of abonding agent, was studied*”..
The presenceof bonding agent gaveshorter curingtime
and enhanced mechanica properties. Somestudieswere
carried out on the flexural behavior of bamboo-fibre
reinforced mortar laminates*Y. Theflexural strength
value was improved to greater than 90 MPafor the
laminates with reformed bamboo plate on the bottom
asatensilelayer and fibre-reinforced mortar sheet on
the top as acompressive layer. The mechanical and
thermal propertiesof compositeson alkali trestment of
jutefibreswerea so studied. Thesecompositesexhib-
ited significantly enhanced propertiescompared to vir-
gin polypropylene. HDPE-henequen fibre composites
were prepared with a20% volume of fibre content and
thetenslle, flexural and shear propertieswere studied.
The comparison of the properties of the composites
showed that the Silane trestment and the matrix—resin
pre-impregnation processof thefibre produced asig-
nificant increasein tensile strength but only the silane
treatment of thefibre produced asignificantincreasein
flexura strength and shear propertieswhereastheten-
sleandflexurad modulii remained relaively unaffected.
Rubber seed ail isfast gainingits placeinthecomposite
world asarenewable material for anumber of indus-
tries. Rubber seed oil isan unsaturated triglyceridemade
of fatty acid chain attached to aglycerideunit. Thefatty
acids contain double bonds, alylic carbons, ester
groups, and thecarbonto ester or olefinic groups. These
functional groupscan beusedtotailor theoil structure
suchthat it containsspecific functiona groups(suchas
polyol and oxirane), useful asstartingraw materia for
polymer industries. Previous research studies have
shown that rubber seed oil isapotential raw material
for alkyd resins used as bindersfor surface coatings
industrieg??22,

In spite of very large quantity of work has been
published on variousnaturd fibresand itscomposites,
an effort hasbeen madein the present work to intro-
duceanew coupleof natural fibresat onego asrein-
forcement in one polyester resinin the devel opment of
new compostemateridsfor lightwel ght structures. Few
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studieswere aready reported on the expl oration, ex-
traction and tenslepropertiesof Sansavieriacylindrica
fibre but nobody was compared with established fibres
likewasteslk, juteand drumstick vegetablefibre. The
Sansevieria cylindrica, abundantly availableand re-
newablein nature and yet obtained from |ocal sources.
This economical source compared to other natural
sourcesisstill underutilized. The overall objective of
thiswork isto extract the fibres by retting and me-
chanica proceduresand incorporating theminto poly-
ester resnmatrix to prepare the compositesat various
volumefractionsof fibre. Theresultingcompositeswere
tested and characterized to evduatethetendle, flexurd
and dielectric properties.

EXPERIMENTAL

Matrix

Polyester (Ecmalon 9911, Ecmas Hyderabad, with
2% cobalt accelerator, catal yst 50% methyl ethyl ke-
tone peroxide (MEKP) in 10% DMA solution, ratio of
theresin/accel erator/catalyst:100/2/2. Theresin hasa
density of 1335 kg/m?, Young’s modulus of 450 MPa,
tenslestrength of 15.3 MPaand e ongation at break of
3.3%.

Extraction of fibres

Sansevieria cylindrica was collected from
Enumuladoddi forest division, nearby Kalyanadurg,
Anantapur, AndhraPradesh, India, waste silk was col -
lected from silk sari weaver at Dharmavaram, nearby
Anantapur, AndhraPradesh, Indiaasitisahubfor silk
sarismanufacturing., juteand drumstick tree vegetable
fibresextracted in thelaboratory using retting and me-
chanical extraction procedurewhichwasexplainedin
detail intheearlier work are collected from various|o-
cal sources*. Fbreswereextracted from the Sansevi-
eriacylindricaplant, leafswere cut and decomposedin
awater pot for about one month. Removed from the
pot, making sured| lignin, hemi-cellulose, lingo-cdllu-
lose material s should be separated when it iswashed
and repeated the same until fair fibres gets separated.
Thefibreswerewashed thoroughly with distilled water
and allowed to dry in the sun for about 1day. Glass
trays separately toped with a5% NaOH solution and
further natural fibres were added to the tray and al-
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lowed to soak in the solution for about 4 hours. As
result of that |eft over wasteremoved viz. lignin, hemi-
cellulose and lingo-cel lulosewhich act asantidotein
building adhesiveness, interface and bonding. Thefi-
bres were washed with water to remove the excess
quantity of NaOH sticking to thefibres. Finally thefi-
berswerewashed with distilled water and driedina
hot oven at 60°C for 1 h. Thefibreswerecutinto 20mm
lengthwith asharp scissorg™.

Compositepreparation

Unidirectional composites were prepared using
polyester matrix to assessthereinforcing capacity and
dielectric strength of variousnatural fibresconsidered
inthe present study. Polyester and rubber were added
by predetermined ratio of 85:15 respectively and mixed
thoroughly with spatulaabout 45minto seeacomplete
blend of it. The quantity of acod erator and catal yst added
toresinat room temperaturefor curing wasintheratio
of resin/accelerator/catalyst by (i.e.100/2/2 respec-
tively) by weight/weight. Hand lay-up method was
adopted to fill up the prepared mould with an appro-
priateamount of polyester resn mixtureandfibres, start-
ingand endingwithlayersof resn. Carehasbeentaken
to minimizefibremovement toyie d good qudity, unidi-
rectional fibre composites. Therefore, at the time of
curing, acompression pressure of 0.06 MPawas ap-
plied on the mould and the composite specimenswere
cured for 24 h. Fibre configuration and volumefraction
aretwo important factorsthat affect the properties of
thecomposite. Inthiswork, theconfigurationislimited
tounidirectiona and continuousfibresequd tothelength
of thespecimen 160 mmin case of impact srength test-
ing, 100 mm for flexurd testingand 120 mmfor dielec-
tric testing and the composite sampleswere prepared
with fivedifferent volumefractions of variousfibres.
The composites are also post cured for 2 h at 70°C
after removing fromthemouldfor flexurd testing.

Instron Universal Testing machine (IUTM, seris-
3369) was used for measuring tensile and flexural
srength. Theunidirectiond compositespecimenswere
made asper theASTM D638M to measurethetensile
properties. Thelength, width and thicknessof the speci-
men were 160, 12.5 and 3 mm, respectively. Three
point bend tests were performed in accordance with
ASTMD618 test method |, procedure A to measure
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flexurd properties. The sampleswere 100 mm long by
20 mm wide by 3 mm thick. In three point bend test,
the outer rollersare 64 mm apart. A three point bend
test ischosen becauseit requireslessmateria for each
test and eliminatesthe need to accurately determine
center-point deflectionswith test equipment. Theflex-
ural modulus and the maximum composite stresswere
calculated using therelationshipsgiveninour earlier
paper?Y, Fveidentica sampleswere prepared for each
volumefraction of fibreand dl the specimensweretested
at astrain rate of 0.5 mm/min. The composite speci-
menswere made as per theASTM D149, to measure
thedielectric strength. The specimens having dimen-
sonsof 120x 120x3mm arereinforced with fibresin
asingledirectionaong 120 mmlength. Thedielectric
breakdown voltageisdetermined at five pointsfor each
specimen and theaverage valueis considered for the
analysis. The points sdlected aredistant enough so that
thereisno flashover. Thetest iscarried out at 50 Hz
frequency and room temperature. Digital micrometer
of 0.001 mm least count isused to find thethickness of
specimen at break down point and the test was re-
peated for dl specimensfabricated from different kinds
of fibres,

RESULTSAND DISCUSSION

Tensile

Thedensity of the Sansevieriacylindricafibrewas
very lesscompared to the established fibreslikedrum-
stick, silk, jute, coir and banana, which was an attrac-
tive parameter in designing lightweight materid®. The
diameter of different fibresunder consideration varied
between 200 and 300 um. Ultimate tensile strength and
modulus of Sansevieria cylindrica fibre reinforced
composites, along with drumstick, silk and jute com-
positesare presented in TABLE 1. The effect of vol-
umefraction of fibre on tensile strength and modulus
for Sansevieria cylindricafibrereinforced compos-
itesin comparison to drumstick, silk and jute compos-
itesarepresented in Figure 1 and 2. It isobserved that
thetensilestrength of all fibrereinforced composites
considered in the present study increaseswith volume
fraction of fibreinthe order of silk, jute, Sansevieria
cylindricaand drumstick. At avolumefraction of fibre

TABLE 1: Thetensilepropertiesof Sansevieriacylindrica
fiber composites along with the other natural fibersrein-
forced compositesat 0.35 volumefraction of fiber.

Volume Ultimate
Name of the fr action tensile Tensile
composite of fibre strength  modulus(GPa)
(MPa)
Neat 0.000 16.5(=1.230) 0.56(+3.423)
rubber/polyester ' ‘ ’ ‘ ’
Sansevieria 0.355 71.4(43.670) 1.82(+4.729)
cylindrica
Silk 0.358 68.0(+4.130) 1.72(+£5.015)
Jute 0.354 59.5(£3.026) 1.31(£1.634)
Drumstick 0.350 122.2(£6.956) 1.22(+6.520)
Note: Value represented in bracket is standard deviation.
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Figurel: Effect of volumefraction of fiber on themean ten-
slestrength of variousnatural fiber rubber/polyester com-
posites

0.35 goproximately inthecompodite, thetensilestrength
of Sansevieria cylindricafibre compositeisabout 5%,
20% higher than those of silk, jute compositesrespec-
tively. Thisenhancement isattributed to the strength and
stronger bonding of Sansevieriacylindricafibrewith
the polyester matrix compared to drumstick, silk, jute.
Thetensilemodulusof al compositesconsideredinthe
present study increaseswith volumefraction of fibrein
the composite in the order of Jute, silk, Sansevieria
cylindrica, drumstick. It isalso observed that theten-
silemodulus of Sansevieria cylindrica fibre compos-
iteis39%, 6% higher than those of jute and drumstick
composites, respectively, and comparabl eto that of silk
compositeat the samevolumefraction of fibre(0.35).
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Figure2: Effect of volumefraction of fiber onthemean ten-
silemodulusof variousnatural fiber rubber/polyester com-
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Figure3: Effect of volumefraction of fiber on the mean spe-
cifictenslestrength of variousnatural fiber rubber/polyes-
ter composites

Thisisdueto lower percentage strain of Sansevieria
cylindrica fibre composite compared to juteand silk
composites. Theeffect of volumefractionof fibreinthe
compositeonthe specific tensilestrength and modulus
aredso showninFigures3and 4. The specifictensile
strengthincreaseslinearly with volumefraction of fibre.
Asthevolumefraction of fibreincreasesin the com-
posite the specific tensile strength of Sansevieria
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Figure4 : Effect of volumefraction of fiber on the specific
tenslemodulusof variousnatural fiber rubber/polyester com-
posites

cylindrica fibrecompositeishigher thanthose of silk
and jute compositesin the present study. The specific
tendlemodulusadsoincreaseslinearly withvolumefrac-
tionof fibrefor al fibre compositesconsidered inthe

study.
Flexural properties

Ultimateflexurd strength and modulusof Sansevi-
eriacylindricafibrereinforced composites, dongwith
silk, drumstick and jute composites at approximately
0.35volumefraction of fibre, arepresented in TABLE
2 for comparison. Theeffect of volumefraction of fibre
on flexural strength and modulus for Sansevieria
cylindricafibrereinforced compositesin comparison

TABLE 2: Theflexural propertiesof fibrecomposites, along
with other natural fibrereinfor ced compositesat 0.35volume
fraction of fibre.

Volume Ultimate
Name of the fr action flexural Flexural
Compaosite X strength modulus(GPa)
of fibre
(MPa)
Neat 0.000 68.12(:3.150) 1.56(:3.423)
rubber/polyester ' ’ ' ’
Sansevieria 0.351 91.89(£1.200) 3.32(4.729)
cylindrica
Silk 0.355 103.0(+4.570) 2.52(£5.015)
Jute 0.356 98.13(£6.011) 3.55(£1.634)
Drumstick 0.352 129.26(+£3.233) 2.25(+6.520)

Note: Value represented in bracket is standard deviation.
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Figure5: Effect of volumefraction of fiber onthemean flex-
ural strength of variousnatural fiber rubber/polyester com-
posites

354 | —m— Drumstick
—e— Sansevieria cylindrica e
- silk )
B 09 | —w—Jute m
E .
3 >
5 254 / .
(s ]
E
fud .
% 2.0 ’
o |
c . -4
a2 .
1.5 L] v
= ¥
v
¥ v
1.0 T T T T T T
0.15 0.20 0.25 0.20 0.35

Volume fraction
Figure6: Effect of volumefraction of fiber onthemean flex-
ural modulusof variousnatural fiber rubber/polyester com-
posites

todlk, drumstick and jute compositesare presented in
Figures5and 6. It isobserved that theflexura strength
of al fibrereinforced composites considered in the
present study increaseswith volumefraction of fibrein
theorder of jute, Sansevieriacylindrica, silk and drum-
stick upto 0..35 volumefraction of fibre. Theflexura
modulus of all composites considered in the present
study increaseswith volumefraction of fibreinthecom-

Wotoioly Science  mm—

Volume fraction
Figure7: Effect of volumefraction of fiber on the specific
flexural strength of variousnatural fiber rubber/polyester
composites
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Figure8: Effect of volumefraction of fiber on the specific
flexur al modulusof variousnatural fiber rubber/polyester
composites

positeintheorder of jute, silk, Sansevieriacylindrica
and drumgtick. Itisaso observed that theflexurd modu-
lusof Sansevieria cylindricafibrecompositeis47%
and 32% morethan those of jute and silk fibre com-
posites, respectively, unlikeflexura strengthandisaso
very closetothat of drumstick compositeat 0.35vol-
umefraction of fibreinthe composite. Thisisdueto
higher flexural stiffnessof Sansevieriacylindricafibre
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compositecomparedto juteand silk fibre composites.
Theéeffect of volumefraction of fibreinthecomposite
onthe specificflexurd strength and modulusarealso
showninFgures7 and 8. Thespecificflexurd strength
and modulusincreaseslinearly with volumefraction of
fibre. Asthevolumefraction of fibreincreasesinthe
compositethespecificflexura strength of Sansevieria
cylindricafibre compositeisconsiderably higher than
that of jutecompositeandisvery closeto silk compos-
iteinthe present study. The specific flexural modulus
asoincreaseslinearly with volumefraction of fibrefor
all fibre composites considered in the study and the
specificflexura modulusof Sansevieriacylindricafi-
bre compositeis82% and 80% morethan those of jute
and sk fibrecomposites, respectively, whichisdueto
lower density of the Sansevieria cylindricacomposite
compared to other composites.

Dielectricproperties

Theeffect of volumefraction of fibreondielectric
strength of various natural fibrereinforced polyester
compositesisshownin Figure9. Itisobserved that the
dielectric strength of all compositesdecreaseswithin-
creaseinvolumefraction of fibreinthecomposite ex-
cept in Sansevieria cylindrica fibre composite. The
rateof decreaseof dielectric strengthismorein case of
jute composite compared to silk and drumstick fibre
compositesasthevolumefraction of fibreincreasesin
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Figure9: Effect of volumefraction of fiber ondidectricgrength

of variousnatural fiber rubber/polyester compostes
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the composite. It isaso interesting to noticethat the
dielectric strength of Sansavieria cylindricafibrecom-
positesincreasewithincreasein volumefraction of fi-
bre. Thisisavery rare phenomenon whichisnot ob-
served inmany of the natura fibre composites. Hence,
based ontheavailability and good diel ectric strength of
Sansevieriacylindricafibrecompositesinvestigated
inthe present research work, thiscan beconsidered as
oneof thepotential electrica insulation materias.

CONCLUSIONS

Theprocessof extraction of Sansevieriacylindrica
fibreissmpleand resultsin an excedlent quality, quan-
tity and lengthy fibre useful for fabrication of large com-
posite components. Thelower density of Sansevieria
cylindricafibreisa so aninteresting parameter in de-
signing lightwel ght materialscompared to other fibres
considered in the present study. The mean tensile
srength of Sensevieriacylindricafibrecomposteat high-
est volumefraction of fibreinthe present study ismuch
higher than those of silk and jute compositesand com-
parableto that of drumstick composite. Itisalso con-
cluded that the mean tensilemodulus of Sansevieria
cylindricafibre compositeis higher than those of jute
and silk fibre composites and comparabl e to that of
drumstick compositeat highest volumefraction of fi-
bre. Asthevolumefraction of fibreincreasesinthecom-
posite the specific tensile strength of Sansevieria
cylindricafibre compositeisalso higher than those of
slk and jute compositesin the present studly.

Theflexura modulusof Sansevieriacylindricafibre
compositeis much higher than those of juteand silk
fibrecompostesunlikeflexurd srengthandisdsovery
closetothat of drumstick compositeasthevolumefrac-
tion of fibreincreasesup to 0.35 in the composite, and
thesametrendisa so observed in oecificflexurd modu-
luswith respect to volumefraction of fibreinthe com-
pogite. Itisasoworth noticing that thedid ectric strength
of Sansevieriacylindricafibrecompositesincreaseswith
increasein volumefraction of fibreinthe compostein
the present study. Thisisavery rare phenomenonwhich
isnot observedinmany of the naturd fibre composites.
Hence, based on the availability, cheagper and good di-
electric strength of Sansevieriacylindricafibrecompos-
itesinvestigated in the present research work, the com-
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positecan certainly be considered for dectrical insula
tion gpplicationsinadditionto fabrication of lightweight
materia sused in automobile body building, packaging
industry, partition panels, etc.
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