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ABSTRACT KEYWORDS
Activity of filler should be related to any definite property of material. It Natural rubber;
was to introduce the concept of structural, kinetic, and thermodynamic Styrene butadiene rubber;
activity of fillers. Structural activity of filler is its ability to change the Regenerated cellulose;
polymer structure on molecular and sub molecular level (crystallinity M orphology;
degree, size and shape of sub molecular domains, and their distribution, Mechanical properties.

crosslink density for network polymers, etc.). Kinetic activity of filler
means the ability to change molecular mobility of macromolecules in
contact with a solid surface and affect in such a way the relaxation and
viscoelastic properties. Finally, thermodynamic activity is filler’s ability
to influence the state of thermodynamic equilibrium, phase state, and
thermodynamic parameters of filled polymers -especially important for
filled polymer blends. Cellulose is the biopolymer which isfound in abun-
dant and forms the centre of carbon cycle. Fibers manufactured from
cellulose are either derivative or regenerated. In present work silane
treated regenerated cellulose is formulated with natural rubber (NR) as
well aswith styrene butadiene rubber (SBR) separately and characterized
for specific gravity, rheological measurements, mooney viscosity, me-
chanical properties and surface morphology.
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INTRODUCTION traced to GeorgeAudemars. Wood islargely cellulose

and lignin, while paper and cotton are nearly pure cel-

The structural components of plantsareformed  lulose. Celluloseisapolymer madewith repeated glu-
primarily from cellulose. Thefirst successful attempt  cose unitsbonded together by B linkages. Humansand
to make textile fibers from plants cellulose can be  many animalslack enzymeto break the 3 linkages, so
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they do not digest cellulose. Certain animalssuch as
termites can digest cellul ose, because bacteriapossess-
ing theenzymeare present intheir gut. Cdluloseisin-
solubleinwater. It does not change color when mixed
withiodine, on hydrolysiscdluloseyieldsglucose. Cdl-
lulosecongstsof linear chain of severd hundred to many
thousands of  (1—4) linked D glucoseunitg¥. Cellu-
loseistheimportant structural component of the pri-
mary cell wall of green plants, many formsof dgaeand
the oomycetes. Some species of bacteriasecreteit to
formbiofilms. Cdluloseisthemost dbundant organic
polymer on earth. The cellul ose content of cotton fiber
i$90%, that of wood is40% to 50% and that of dried
hemp isapproximately 45%. Celluloseismainly used
to produce paper board and paper. Smaller quantities
are converted into awidevariety of derivative prod-
uctssuch as cellophaneand rayon. Conversion of cel-
lulosefrom energy ropesinto bio fuelssuch ascellulo-
scethanol isunder investigation asaternativefue re-
sources?. Cdlulosefor industrid useismainly obtained
fromwood pulp and cotton. Cellulosehasno taste, is
odorless, ishydrophilic with contact angle of 20° to
30°, is insoluble in water and most organic solvents, is
chiral and is biodegradable. It can be broken down
chemicdly into glucoseunitsby tresting it with concen-
trated acids at high temperature. Celluloseisderived
from D glucose units, which condenses through f
(1—4) glycosidic bonds. Celluloseisastraight chain
polymer unlikestarch, no coiling or branching occurs,
and the mol ecul e adopts an extended and rather stiff
rod like conformation, aided by the equatorial confor-
mationsof theglucoseresidues. Themultiple hydroxyl
groupson glucosefrom onechainform hydrogen bonds
with oxygen atomson the sameor on the neighboring
chain, holding the chainsfirmly together sideby side
formingmicrofibrilswith hightenslestrength. Thiscon-
ferstenglegrengthincdl wals, wherecellulosemicro
fibrilsaremessed into apolysaccharide matrix. Com-
pared to starch, celluloseis much more crystalline,
whereas starch undergoes acrystallineto amorphous
transition when heated beyond 60°C to 70°C in wa-
tertd, Cellul oserequires atemperature of 320°C and
pressure of 25M pato become amorphous in water.
Severd different crystalinestructuresof cdluloseare
known corresponding to thelocation of hydrogen bonds
between and within strands. Natural celluloseiscellu-

losel, with structureslo.and I 3. Cellulose produced by
bacteriaand agaeisenrichedin lo while cellulose of
higher plantsconsistsof IB. Cellulosein regenerated
celluloseiscdlulosell. Theconversonof cdlulosel to
cdlulosellisirreversble, suggesting cdlulosel ismeta
stable and cellulose 11 is stable. Many properties of
cellulosedepend onitschainlength or degree of poly-
merization, thenumber of glucose unitsthat make up
onepolymer molecule. Cellulosefrom wood pulp has
typica chainlengthsbetween 300 to 1700units; cotton
and other plantsfibers, aswell asbacteria cellulose
have chain lengthsranging from 800 to 10,000 units.
Moleculeswith very smdl chainlength resulting from
break down of celluloseareknown ascellodextrins; in
contrast tolong chain cellul ose, cellodextrinsaretypi-
caly solublein water and organic solvents. Plantsde-
rived cdluloseisusualy foundinamixturewith hemi-
celluloses, lignin, pectin and other substances, while
bacteria cdlluloseisquite pure, hasamuch higher wa
ter content and tensile strength due to higher chain
lengths. Cdlulosecons gtsof crystalineand amorphous
regions, by treating cellulosewith strong acid, theamor-
phous regions can be broken up, thereby producing
crysdlinecdlulose, amaterid withmany desrableprop-
erties. Fibersmanufactured from cellulosearedither de-
rivativeor regenerated, aderivativefiberisoneformed
when achemical derivativeof natural polymer ispre-
pared dissolved and extruded asacontinuousfilament
and thechemical nature of derivativeisretained after
fiber formation. In regenerated typeanatural polymer
or itschemical derivativeisdissolved and extruded and
the chemical natureof thenatura polymer iseither re-
tained or regenerated after fiber formation process. The
term silane coupling agent generally appliesto silicon-
contai ning speci es capabl e of forming chemical link-
ages between dissimilar materids, especialy inrein-
forced polymer composites, but herewehaveused S-
lanefunctionaized regenerated cdllulose. Thematerids
to belinked are often organic polymersand cellulose
fibers, though silanefunctionality present on cellulose
can aso be useful with other kinds of fillersand poly-
mers. Smal amountsof slanefunctionalized, used at an
interface, can greatly improvethe mechanical proper-
tiesof compositematerials. They may also beused on
formed partsas coatingsto ater the surface properties
of materials, or copolymerized into organic polymers.
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Normally, additionsof fillersincreasetheviscosity and
contributeto non-Newtonian flow characteristics. Poly-
mer crystalization and Structureare affected by fillers.
They may increase or decreasethenucleationrate (and
thusthecrystallizationrate)®. Fillers, especidly fibers,
maly al so decrease the mechanical propertiesof filled
materiasbecauseof thair effect ontranscrystdlinity. The
polymer structureat theinterfacewithfillersisdifferent
thaninthebulk. Filler choiceand the orientation of the
filler particlesaretheother important determinantsof me-
chanical performance. Theaverage molecular weight of
butyl rubber liesin the region of 300,000 to 500,000
which corresponds to Mooney viscosities M 1+4 at
100°C of about 40 to 70. The Mooney viscosity influ-
encesprimarily the processability and theamount of filler
and oil whichtherubber canaccept. Withincreasing lev-
elsof unsaturation vul canization ratesincrease, but the
other beneficid propertiesbecomespoor, hencemoder-
ateleve of unsaturationissought asacompromise. The
averagemol ecular weight of natura rubber rangesfrom
200,000t0 400,000 with arelatively broad molecul ar
weight distribution; this correspondsto about 3000 to
5000 isoprene unitsper polymer chain®. Asaresult of
itsbroad molecular weight distribution natura rubber has
an excellent processing behavior. Thepresent articleis
focused primarily onuseof cdllulosein rubber compos-
ites, wheredlaneisusad asinterfacid modifiersbetween
therubber matrixesNR with cdllul ose, comparison study
with untrested celluloseisaso carried out.

MATERIALS

Natura Rubber wasobtained from B.P. Chemicds
Mumbai. Untreasted Cdluloseand Slanefunctiondized
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cellulose (0.4wt percent and 0.8wt percent) was pro-
cured from SRL Pvt Ltd. Rubber additiveslikeZinc ox-
ide[Zn0O], Stearic acid, were procured from SRI Impex
Pvt Ltd. N’-phenyl paraphenylene diamine [6PPD], N-
cyclohexyl-2-benzothiazole sulphenamide[ CBS], and
Sulphur was obtained from Nationa Organic Chemica
IndiaLimited, Mumbai.

PREPARATION OF NATURAL RUBBER
CELLULOSE COMPOSITES

TABLE no 1, gives the recipe for the prepara
tion of natural rubber cellulose composites. The mix-
ing was carried out in a particular sequence so that
proper incorporation and dispersion of the cellu-
loseinto the natural rubber takes place. The mixing
was carried out in aBrabender Plasticorder PL 2500,
at atemperature of 115°C with a mixing cycle time
of 15 minutes — Initially natural rubber was added
into the Brabender and allowed to shear mix in be-
tween the screws of Brabender for a period of 4
minutes simultaneously antioxidant 6PPD was added
so that oxidation of natural rubber does not take
place. Consequently Stearic acid, Zinc oxide and
cellulose were added and mixed for 4 minutes for
effective and proper incorporation and dispersion
of cellulose into natural rubber matrix, left over
material in mixing pan must be added and mixedfor 2
minutesin Brabender. Curing Packet must be added at
theend of themixing cycleand sheared for 2 minutesin
Brabender. (Note: Theamount mentioned inTABLE 1
ISin “phr”- parts per hundred rubbers)

Lump from Brabender is passed through mixing
mill & 5mm sheet is obtained and compression

TABLE 1 : Recipe for cellulose natural rubber composites

Batch Code NRCO NRC4 NRC8
Natural Rubber 100 100 100
ZnO 5 5 5
Stearic Acid 2 2 2
CBS 0.8 0.8 0.8
6PPD 1 1 1
Sulphur 2.5 25 25
Cellulose 10 0 0
Cellulose,0.4 0 10 0
Cdlulose,0.8 0 0 10
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mol ded for getting standard sheet and further specimen
preparation by punchingisdone, for analyzing physio-
mechanical properties/air permeability test/ surface
morphol ogy of composites.

RHEOMETRIC/MOONEY ANALYSIS
(ASTM D2084)/ (ASTM D1646)

For preparation of Standard sheetswhich areto
be further used for specimen preparation, natural
rubber nanocomposites compounds have to go un-
der atest, which indicate their processing param-
eters. Hence the nanocomposites have to undergo
Rheometeric Analysis to determine Maximum
Torque, Minimum Torque, Scorch time and Opti-
mum Curetime. (@ 150°C)

From the given data, maximum torqueand mini-
mum torgue increases as the functionalization on
cellulose increases. This shows that functionalized
cellulose is improving curing characteristics. The
compound having 10phr loading of 0.8 wt percent
cellulose shows maximum torque. Scorch timein-
creases with increase in weight percent loading of
functionaized cellulose. Scorch timefor 10phr load-
ing of 0.4 wt percent celluloseis less as compared
to 0.8 weight percent hence scorch safety is better
for compound with 10phr loading of 0.4 wt percent
cdlulose. Optimum curetimeincreaseswithincreasein
cdlluloseloading. Theoptimum curetimeva ueof 10phr
loading of 0.8 wt percent celluloseloading ismorethan
0.4 and Oweight percent of celluloseloading, toobtain
90% of the cure, henceloading of functionalized cellu-
losecandso contributeinimprovement in productivity.

Thestandard sheet was prepared with the optimum cure
timementioned inTABLE 2 a 150°C.

Mooney Andysswastested asper ASTM D 1646-
07. Mooney Viscosity and M ooney scorch was deter-
mined. Observed propertiesarelisted bel ow.

RESULTSAND DISCUSSIONS

Physio-mechanical properties

Tensile strength valuesfrom TABLE 4 show the
effect of functionalized cellulose ontensile strength
of natural rubber composites. Asfunctionalized cel-
lulose loading increases tensile strength increases.
From the results obtained we can conclude that
functionalized cellulose doesimprove the strength.
Concentration (therelationship of tensile strengthiis
not alinear function of concentration; thereisacer-
tain critical concentration above which afurther in-
crease in filler’s concentration decreases tensile
strength). Tensile strength improvement, associated
with anincreasein the elongation at break values, is
a rather expected phenomenon for natural rubber/
cellulose composites. Thisis due to the synergistic
effect of particle orientation and polymer chain dip-
page.
Elongation values from TABLE 4 shows the
gradual variations of elongation at break. As
functionalized celluloseloading increasesthe el onga-
tion at break increases. Sincefunctiondized cdllulose
doesshow amoderatereinforcing effect in natural rub-
ber related with some agglomeration phenomena. Ag-
glomeration causes prematurefailure, well manifesting
inreduced ultimate stressand € ongation at break val-

TABLE 2 : Rheometeric data of the natural rubber cellulose composites

Properties Unit NRCO NRC4 NRC8
My Lbsin 69.28 69.53 72.58
ML Lbsin 4.75 2.68 5.32
TS min 4.33 4.79 5.89
TS, min 4.63 5.10 6.24
TCy min 8.59 9.00 10.45
TABLE 3 : Mooney viscometric data of the natural rubber cellulose composites
Batch Code NRCO NRCA4 NRC8
Mooney Viscosity, ML (1+4 @ 100°C) 16 23 13
Mooney Scorch, ML @ 125°C 19 21 20
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ues. Theelongation at break value decreases after age-
ing operation. Sincethechangeintensilestrengthvaue
ishigher for many proportions (after ageing), itselon-
gation at break valueislow.

Fromthedatain TABLE 4, asfunctionaized cellu-
loseloadingincreasesmodulusat 300% el ongation aso
increasesgradualy. Modulusincreaseisexpected even
at low concentration of functiondlized cellulose content
whenfunctiondized cdlulosepartidesarewd | dipersed
(well intercalated and exfoliated).

Fillerswhich havereatively large particlesizedo
not interact and therefore their effect on hardnessis
duetotheir higher hardness. But thegainin hardnessis
very small because these particles are surrounded by
an elastic matrix which moderatesthe effect of their
hardness. Much larger gainsare observed with semi-
reinforcing gradesdueto theformation of aninterlayer
with mechanicd propertiesmoresimilar tothefiller than
tothematrix. Inthiscase, theactua sizeof theparticle
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Isincreased by the thickness of its adsorbed layer;
thereforeeven samdl particlesoccupy asubgtantid space
incompostes. Reinforcingfillersintroduceanother vari-
ablerdatedto formation of physical crossink’s which
can bevery numerous because of the small size of the
particles. These physical crosslink’s further reinforce
therubber resultinginitsincreased hardness. Fromthe
TABLE 4, NRCOistheblank withlower hardnessand
thehardnessincreasesgradually from NRCA. It shows
that thereisagradud increasein hardnesswithincrease
innanosilicaloading.

Scanning electr on micr oscopy

The SEM images of fractured natural rubber
functiondized cdlulose compositessamplesare shown
inFigurel,2and 3. Itisvisblethat thefunctionalized
cellulose particlesaredispersed throughout the natural
rubber matrix in the form of aggregates and the
functiondized cdlluloseaggregatesbegin to plit asthey

TABLE 4 : List’s the physio-mechanical properties of the natural rubber composites with different weight percent

of functionalized cellulose

Batch code Units NRCO NRC4 NRC8
Tensile Strength kg/cm? 237 244 272
300% modulus kg/cm? 32 36 37
Elongation at break % 710 670 680
Hardness Shore A 50 52 53

Figure 1: SEM image for NRC4
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Figure 2 : SEM image for NRC8

Figure 3 : SEM image for NRCO

aresubjected to shearing and thereforefunctionalized  functionalized cellulose at early stages of compound-
cellulose particles become separated on coming with — ing. Presence of exfoliated functionalized cellulosein
contact with natural rubber matrix. Thisgivesrisetoa thenatural rubber matrix in the early stagesof mixing
significant proportion of exfoliated (Figureland 2) can contributeto matrix propertiesultimately contrib-
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uting to devel opment of composite. Proper dispersion
of functionalized cellulose decreasesthe areaavailable
for diffusion asaresult of impermeablefunctiondized
cellul ose replacing permeabl e rubber matrix and hence
enhancesair permesbility property. Thesizeof thedis-
persed functionalized cellulose phasein natural rubber
matrix dependsontheinterfacia interactions between
two phases. It should aso be noted that the natural
rubber matrix are covered by alayer of functionalized
cellulose (Figure2and 3). Initidly, thefunctionalized
cellulose cannot penetrate into the rubber phase, but
after adding curing agent, the rubber phase become
more polar. Therefore, it is possible that some
functionalized cellulose goesto natural rubber matrix
phase before the curing cycle ends. Hence there is
changein theviscosity ratio between the two phases,
and consequently, thesi zeof therubber phaseincreases.

CONCLUSIONS

Functionalized cellulose show aslight improve-
ment on physical properties with loading compa-
rable to that of untreated cellulose. By the addition
of functionaized cellul ose, hardness of compoundin-
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creases. Natural Rubber composites containing
functiondized cdlulosefiller show good tensilestrength.
Photographsfrom scanning e ectron microscopy indi-
cate good dispersion level for thefunctionalized cellu-
lose as compared with untreated cellulose. The opti-
mum curetimeincreases asthefunctionaization level
increases along with scorch time and induction time.
Hence cellulose may be considered asafiller alterna-
tiveorfiller subgtitutein different natural rubber based
compounds.
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