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ABSTRACT

The objective of this research was to investigate the mechanical perfor-
mance (tensile, bending and impact) of Polypropylene (PP) compositesfilled
with betel nut (Areca catechu) short fibre (Bn) at different compositions
(3,5,10,20 and 30wt%), using the extrusion and hot press molding technique.
Results showed that Bn10:PP90 mixture (BnPP) was found better perfor-
mance among the composites prepared. Because of the suitability of Sansevi-
eriacylindrica(Sc) asafiller in PP composite as shown in our previouswork,
Sansevieriacylindricais subjected to hybridize with betel nut short fibrein
fibrein PP composite to achieve superior mechanical performance. Dielec-
tric strength, water sorption capacity, degradation behaviour such as simu-
lating weathering and soil buried test of different composites were also
performed. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Usageof natura fibersin thecompositecircuitis
ubiquitousasthey becomebear fruit dueitsinbornqudi-
tiessuch aslignocellulose, naturd, annually renewable
and biodegradabl efibres. Thesearebeing used for au-
tomobil es, aero-space, domestic and packaging appli-
cations. Thisfibreisnow increasingly utilized for mak-

ing diversified and value-added products such asup-
hol stery, furnishing, decorative and secondary appar-
els. Becauseof itsuser-friendly thesefibershavegone
one step ahead as it become substitute for synthetic
counterparts. Therefore, demand for natural fiberswill
beincreasing day by day intheyearsto come. Usudly,
textile prepared fromjutefall flat as susceptibleto yel-
lowing tendency, poor dimensional stability and easy
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creasing property. Hence, someanticipationisrequired
for improving thelook and feel jutefabricin order to
promotefor valueadded products*?. Thelook of the
fabric can beaggravated by dyeing and printing but till
thesefibresbecomeenigmatic.

Duetoitsszesblediameter, 3sd fibersareuncertain
inbuildinginterfaceand subjectedtoagglomerationwhich
actsasvitd roleindleviating srength. By using specific
short fibrelengthinatypica polymer matrix cankeep up
the poor bonding and deinterfaceat bay™®. Quest for new,
cheaper and sustainable sources of fibresthat can re-
placeor work against withfibresviz., jute, Ssd, cotton,
flax, ramie, polyolefin, polyesters, polyamides and
polyacrylicsintermsof economicviahility andeco-friendly
properties. In the recent past, agro-based waste prod-
uctshavebeen utilized asnatural sourcesto obtainto suit
subjected to given conditionsfor agro-tech protective
clothing“9. Moreover, abroad range of agro-based fi-
bersisbeing utilized asthemain structural components
or fillergreinforcing agentsin thesecompositemaerids
which are used for automotiveinterior components. A
Polyolefin polymer such aspolypropylene (PP) iswiddy
used in automobileindustry or domestic applications
whereductility andlow cost haveto becombined. There-
foresustainablefocusisrequired inorder to underling
many of today’s renewable resource policies*®19,

Betd nut (Arecacatechu) fruitsarecovered witha
shell and theshell of each betdl nut fruit producesnearly
2.55-2.70g of fibre. It isestimated that approximatdly 1,
30,000 metersper year fibremay availablein Indiaonly.
It isreported that non woven fabricsmanufactured from
betel nut short fibre (Bn) process excellent dyeing
behaviour and virtua ly excdllent substitutefor conven-
tiond syntheticnets. Thefabrichavegood drgpe, strength
permegbility. Moreover fabric can withstand strong sun-
light, heavy rain, sormto hallstormfor congderably long
periods. Thispresent effort, therefore, addressessuch
issuesby selectinganove fibrecalled short Sansevieria
cylindricaFibre(Sc) toreinforceon PP system. Sansevi-
eria (genus) cylindrica (species) isaplant which be-
longsto Agavaceaefamily and it wasinvented by Bojer
Ex Hook. Scis2foldlesserinsizeand 1.2 timeslesser
densgity when compared withgsd fibreand what’s more
decreasein sizeand density will bringsout novel com-
positethat will suit for specificapplicationd®. Itisaso
clear fromtheperusal of theliterature that the PP sys-

temsreinforcedwith novel andinnovativebesdesdiffer-
ently brought upfibreshavebeenlittleexplored and hence
thereisaneed to explorethisaspect>?4, Aimand the
objectiveof thisstudy isto fabricatelight weight, high
strength compositethat suitsfor today’s transportation
systemswhichbringsfue economy.

Inthiswork, work done on adding Bn and Scfi-
bresasfillerson PP hybrid compositematrix were pre-
pared to assessthe effect of processing and filler com-
position and mechanicd, diel ectric strength, smulating
weathering, soil degradation and water sorption
behaviour of composites.

EXPERIMENTAL DETAILS

Materials

Polypropylenewassupplied by Polyolefin Co. Lim-
ited, Singapore. Sc fibre was extracted from the
Sansevieria cylindrica plant was obtained from the
Enumuladoddi forest, near Kalyanadurg, Anantapur
(AP) India The betel nut was collected and subjected
toextract fibrefrom thefruit shell fromtheloca market
at Guntaka; Anantapur, India. Theextracted fibrewas
dried at 80° in a vacuum oven for 24h prior to the prepa-
ration of thecomposites. Themain chemica composi-
tionof theBnispresentedin TABLE 1.

TABLE 1: Main chemical constitution of betel nut (Areca
catechu) fibre.

Composition Average amount (%)
Alphacellulose 53.20
Hemi cellulose 32.98
Lignin 07.20
Fat and wax 00.64
Ash 01.05
Other materials 03.12

Betel nut short fibre(Bn) extraction

Betel nut were collected from the plantsand then
kept in thedark room inmoist condition for about 15
days. When naturd retting takesplace, fibreswerethen
separated by hand stripping. Theretted fibreswere ex-
posed thoroughly to sunlight for about three daysand
then brushed to open thefibre strandsand clean them.

Extraction of the Scfrom theplant
Fibres were extracted from the Sansevieria
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cylindricaplant, generally seenin home decoration.
Leafs were cut and decomposed in a water pot for
about onemonth. Removed from the pot, making sure
al lignin, hemi-cdlulose, lingo-cdlulosemaeridsshould
be separated when it iswashed and repeated the same
until fair fibresgets separated. Thefibreswerewashed
thoroughly with distilled water and alowedtodry inthe
sun for about 1day.

Scand Bn alkali treatment

Two glasstrays separately toped with a5% NaOH
solution and further Bn and Scfibreswereadded to the
tray and alowed to soak in the solution for about 4
hours. Asresult of that removed dl | eft over lignin, hemi-
celluloseand lingo-cellulose which act asantidotein
building adhesiveness, interface and bonding. Thefi-
bres were washed with water to remove the excess
quantity of NaOH sticking to thefibres. Findly thefi-
berswerewashed with distilled water and driedina
hot oven a 60°C for 1 h. Thefibreswerecut into 20mm
length with asharp scissorg4.

Compostefabrication

Compositeswere prepared by compounding with
extrusion and hot pressmachine. The processingtem-
peratureismaintained at 180 °C and the pressure was
almost all constant. The extruded compositeswere
hot pressed under 10MPafor 5min at 185 °C into
sheetsof suitablethicknessfor making the specimens
asper ASTM standard. Sheet sizeand thicknesswere
dependent on the testing methods used in this study.
Therelative amounts (%wt) of reinforcing materials
Bn and Sc were doped on PP matrix mentioned inthe
TABLE 2.

TABLE 2: Relativeamount (% wt) of reinforcing materials
bete nut (Bn) and Polypr opylenematrix in composites.

Fillersasreinforcing  Polypropylene

materials (%) matrix (%) Composites
None PP:100 PP
Bn:3 PP.97 Bn3
Bn:5 PP:95 Bn5
Bn:10 PP:90 Bn10
Bn:20 PP:80 Bn20
Bn:30 PP:70 Bn30
Bn:10 Sc:10 PP:80 BnScPPH
Bn:10 Sc:20 PP:70 BnScPPH-1
Sc:30 PP:70 ScPP

= Fyl] Peper

Determination of mechanical properties of the
composites

Tensile properties of the composites were deter-
mined usingaUTM testing machine (Instron, Series-
3369) with across head speed of 5Smm/min. Tensile
strength, three point bending tests were carried out
on par withASTM D 53455 and ASTM-53452, re-
spectively. All thetestswere performedin adisplace-
ment controlled mode on aclosed-Ioop servo-hydrau-
lic M T Stesting machine. Impact strength of samples
was measured onthemode number of machine Zwick
accordingtoASTM D 53433. All thetestswere ac-
complished at aroom temperature of 20 °C. At least
five samplesweretested for each composition and
resultswere averaged.

Water absor ption test

Sampleof adumbbell specimenswereused for the
measurement of water absorption. After being Oven-
dried at 105°C for 24h then the specimens were kept
inthedes ccatorsa room temperature. Then, the speci-
menswereweighed beforebeingimmersedindistilled
water. Mass of the samplewas recorded prior to im-
mersion. Thespecimenswere periodicaly taken out of
thewater, surfacedried with absorbent paper, reweighed
and immediately put back into the water. Water ab-
sorption was evaluated on par withASTM D 5229/D
5229M-92.

Simulated weathering test

The compositesweretreated by usngasimulated
weathering tester from Q-panel Co. (model Q.U.V.,
USA). Thewesathering test was performed in alternat-
ing cyclesof sunshineover 4h (65+2 °C) and dews and
condensation 2h (65+2 °C). This treatment was car-
ried out for aperiod of about 720h.

Soil degradation test

Cdlul ose possesses the tendency to be degraded
when buriedin soil (having at least 25% moisture). For
this purpose, the composite samplesareweighed indi-
vidually and buriedin soil for 1-16weeks. There after,
sampleswere carefully withdrawn, washed with dis-
tilled water, and dried at 105 °C for 20min and kept for
24h and thenweighisrecorded. Finally weight loss of
variousdegraded samplesiscal cul ated.
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Dielectricstrength

The composite specimens were made as per the
ASTM D 149to measurethedidectric strength. The
spedmenshavingdimengonsof 120mmx120mmx3mm
arereinforced withfibresin asingledirection along
120mm length. Thedielectric break down voltageis
determined at five pointsfor each specimen and aver-
agevdueisconsderedfor andyss. Thepointsseected
aredistant enough so that thereisnoflashover. Thetest
iscarried out at 50Hz frequency and room tempera-
ture. Digita micrometer of 0.001mm least count isused
to find the thickness of the specimen at break down
point and thetest wasrepeated for al specimensfabri-
cated from different kindsof fibres.
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Figurel: Tensilestrength of the composites

Thismay bedueto lack of stresstransfer fromthe ma-
trix PPto Bnfiller. Theelongation at bresk of thecom-
posite showsasimilar trend as shown for the 10% Bn
samplefor tenglestrength performance and maximum
elongation at break. Anincrease of the el ongation at
break of the compositesincreasesthetoughnessand
ductility of the composite??. The composite might be
present asmoderate physi ca-mechani csadhes on (bet-
ter known asinter-diffusionthat alowsakind of bond-
ing between two polymerssurfacesviadiffusion of the
macromol eculesboth polymerg®.

Bendingstrength

Thebending strength of the different compositesis
depictedin Figure 3, inwhich, enhancement of tensile
strength, thetrendsfor bending strength enhancement

Woterioly Science  mm—

RESULTSAND DISCUSSIONS

M echanical propertiesof betel nut short fiber (Bn)
PP composites

Tensilestrength and elongation at break

Tendle propertiessuch astensilestrengthand € on-
gation at break(EDb) of thebetel nut polypropylenecom-
posites containing 3%,5%, 10%, 20% and 30% Bn as
filler were measured and theresultsare presented in
theFigure1l & 2, respectively. It isobserved that with
anincreaseinfiller content from 3%to0 10%, thetensle
strength gradually i ncreased but the tensile strength of
thecompositesisfound to decreasewithincreasngfiller
loading by wei ght fraction from 20% to 30 % (W/W).
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Figure2: Elongation at break (%) of thecomposite

of thecomposites have been observed. Themost obvi-
ousreason for theidentical results of thetensileand
bending propertiesisdueto Bnfiber content in differ-
ent proportions. Bending strength increasesup to 10%
Bnand thereafter remains constant.

Impact strength

On considering theimpact strength of the compos-
itesasshownin Figure4, isanincreasing trend with
increasing Sc content from 3% to 10% is observed,
followed by adecreasing trend. It isenvisaged that as
thesizeof thefiller becomessmadller, greater interaction
between thefiller and matrix could result in better and
moreefficient sresstransfer whichintern couldincrease
theimpact strength of the composité?s. The optimum
filler content varieswith the nature of thefiller and ma-
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trix, filler aspect ratio, filler/matrix interfacial adhesion
etc. thelow valueat highfiller content may be dueto
the presence of so many filler endsin the composites,
which could cause crack initiation and hence potential
compositefailure™®. Inview of theaboveresults, itis
noted that the composite of 10% Bn content exhibits
better mechanical behaviour.

=
/™
/_

47

46+

45

44

43+

Bending strength(N/mm?2)

42+

41 T T T T T T T T T T T T
0 5 10 15 20 25 30

Betel nut fibre content(%) in the composites
Figure3: Bending strength of thecomposites

1.421
~ 1.40 \
(gl J

1.38 —_—
£ - "
S 1.367 »
el
N
£ 1.34]
2 ]
5 1.32
» 1.307
@ ]
& 1.8
8 ]
£ 1.267

1.241

E |
1.221
T T T T T T T T r T T T
0 5 10 15 20 25 30

Betel nut fiber content(%) in the composites
Figure4: Impact strength of the composites

Tenslleand bending modulus

Thetensleand bending modulus of theBn PP com-
positesincressewithincreasngfiller loading ascompared
with 100wt% PP (Figure’5), whilethefiller loading more
than 10% Bn has adverse effect on tensile strength, at
thesametime, it hasadirect proportiond effect on ten-
dlemodulusand bending modulus. Both effectsmay due

= Fyl] Peper
tothehigh stiffnessof the Bn short fibrecomposites.
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Figure5: Tenslemodulusand bending modulusof the com-
posites
Hybrid composites

As a link to previous work!?!, Sansevieria
cylindrica (Sc) has been chosen as another filler to
prepare hybrid composite with betel nut fibre(Bn) in
PPand, thereafter, two hybrid composites, BnScPPH
and BnScPPH-1 were prepared by theformulation of
10%Bn, 10%Sc with 80% PP and 10%Bn, 20% Sc
with 70% PP, respectively. Thereisconsiderable en-
hancement of the tensile behaviour exhibited by the hy-
brid composites, asshownin Figure 6. Thehighest ten-
slestrength(2.77MPa), maximum el ongation at break
va ug(46%0) and young’s modulus(EM)(1.59GPa) have
been produced by the hybrid composites BnScPPH
and thereisno significant results obtained by another
composite Bn ScPPH-1 asshowninFigure 7, which
proved that the BS and IS values of the hybrid com-
positesaresignificantly higher than those of the other
composites. The enhancement of the hybrid compos-
itesmay be caused dueto better compatibility of the
two fibersand PP matrix, in particular BnScPPH com-
posites. The remarkabl e behaviour on elongation at
break (Figure8) of the hybrid composite supportsthe
increased fiber/ matrix adhesion and better fiber dis-
persion which demonstrated hybrid reinforcing effect
aswdll asthe positive hybrid effect®. Further research
isrequired for better interpretation of the activities of
hybridization inthe hybrid compositeduring extrusion
and hot pressmol ding process.
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Water sorption test

Theinfluence of water environment on the sorp-
tion characteristic of BnPP compositeshave been stud-
ied by immersion of distilled water at 28 °C. The ef-
fect of fiber |oading on the sorption behaviour iseva u-
ated. Theresults of the water up take are shownin
the Figure 9 aswater up take versus soakingtime. In
factitisobservedthat initially theabsorptionislinear,
subsequently gradual and finally reaches a plateau.
FromFigure9, itisevident that theinitia rate of water
absorption and equilibrium uptake of water increases
with increasing fibre content. Therefore, the water
uptakeisfound to increase with fiber loading, owing
to theincreased cellul ose content!*. Hence, as ex-
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Figure9: Water uptake of thecomposite
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fiber length.
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pected, asthe samples uptake the highest amount of
water compared with the other samples depending on
thefiller loading inthe composites. Thelowest uptake
of water by the compositesindicatesthat more OH
groups of cellulose content in the fibers of the com-
positesare being blocked by their interaction with the
PP matrix, hence hindering them from being accused
by water*”, It isa so worth noticing that thedielectric
strength of Bn fibre composites (Figure 10) increases
withincreasein volumefraction of fibrein the com-
positein the present study. Thisisavery rare phe-
nomenon which isnot observed in many of the natural
fibre composites. Hence, based on the avail ability,
cheaper and good di€ ectric strength of Bn fibrecom-
positesinvestigated in the present research work, the
composite can certainly be considered for electrical

= Fyl] Peper
insulation applications.
Simulating weathering effect

Thethreetypes of composites betel nut compos-
ites (BnPP), Sansevieria cylindrica PP composite
(ScPP) and betel nut/ Sc hybrid composite
(BnScPPH) were exposed to accel erating weather-
ing tester over aperiod of about 720h to study the
degradation properties. Theloss of weight and tensile
properties (TS & Eb) of the samples dueto weather-
ingisshowninthe TABLE 3. Thelossof TS of the
ScPP compositeisabout 7.1% whilethat of the BnPP
isabout 7.9% and for the hybrid compositesBnScPPH
isabout 5.8%. Similarly Eb lossis26% for the ScPP
sample and 24% and 20.5% for the BnPP and
BnScPPH samples, respectively.

TABLE 3: Lossof weight and mechanical propertiesof the compositesduetosimulating weathering

Weathering Weight loss (%) Lossof TS (%) Lossof Eb (%)
time(h) BnC  ScC BnScHC BnC  ScC BnScHC BnC  ScC BnScHC
24 1.9 3.2 1.8 0.9 1.1 1.0 1.9 2.2 1.9
48 34 5.1 23 29 1.5 39 38 4.7 33
72 5.2 75 5.9 1.6 34 1.2 6.8 8.1 5.2
96 7.0 9.6 6.4 32 45 21 95 10.8 8.6
120 8.9 125 5.1 39 4.9 24 14.0 145 11.7
240 10.9 13.4 8.7 3.8 4.2 27 18.0 20.4 16.9
480 12.8 16.0 9.4 5.2 6.2 43 23.0 26.5 21.2
720 15.4 18.0 10.7 7.1 7.9 5.8 24.0 26.0 20.5
Soil degradation Weight lossand tensile properties (TS and Eb) of the

Composites such asbetel nut fibre PP composite
(BnPP), Sansevieria cylindrica composite (ScPP) and
betel nut fiber/ Sansevieria cylindrica PP hybrid com-
posite (BnScPPH) wereburied insoil (25% weater) for a
period of 16 weeksin order to study the effect of envi-
ronmenta condition onthedegradability of thesamples.

compositesampleswereperiodically measured and the
resultsaregivenin TABLE 4. Minimumweight lossisfor
the hybrid composites(BnScPPH) (7.5%) ascompared
with other composites samples. Also, TSand Ebloss
dueto degradability isminimum for the hybrid compos-
itesat themaximum period of observation.

TABLE 4: Lossof weight and mechanical propertiesof the compositesdueto soil degradation

Degradation Weight loss (%) Lossof TS (%) Lossof Eb (%)
time (weeks) BnC  ScC BnScHC BnC  ScC BnScHC BnC  ScC BnScHC
1 32 3.8 1.5 34 2.7 3.8 35 45 32
2 5.2 5.9 39 5.8 75 4.3 6.0 6.8 37
4 8.1 8.3 5.2 9.3 11.0 7.4 8.4 10.2 8.6
8 9.2 11.0 7.9 9.9 11.2 8.4 123 132 12.0
16 105 132 75 123 149 9.6 192 224 18.6

Abbreviation: BnC= Composite formulated by 10% betel nut fibre and 90% PP; ScC= Composite formulated by 20% Sansevieria
cylindrica and 80% PP; BnScHC=composite formulated by10% betel nut fibre,10% Sansevieria cylindrica and 80% PP
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CONCLUSIONS

Theresultsof the study showed that extrusionand
hot press mol ding process could be used to produce
bete nut short fiber polypropylene compositeswithre-
markable mechanical properties. From the above ex-
perimental observationsitisclear that tensile proper-
ties decreased asthe % of thefiller increased atrend
which completely followed our earlier work with
Sansevieriacylindrica™. However, theresults dem-
onstrated that the prepared composite with10% con-
tent of Bn exhibits better mechanical properties. Di-
el ectric strength was observed remarkable at 10% of
Bn. Theresultsalsoindicatethat it ispossibleto en-
hancemechanica performanceof hybridfibrereinforced
compositesthrough hybridization of betel nut fibreand
Sansevieria cylindrica with PP matrix at optimized
ratio (Bn10:Sc10: PP: 80) of thefiber matrix formula
tion. Theresultsdiscussed above can beused to pre-
pare composites’hybrid composites using Bn and
Sansevieria cylindricain PP, which may befind di-
versegpplicationsasstructurd materidswherestrength
and cost considerationsareimportant.
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