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ABSTRACT

Hydrated silicaimparts better physical properties to polar rubbers, com-
pared to those of hydrocarbon rubbers. The interaction of silica on
dichlorocarbene modified styrene butadiene rubber (DCSBR) was evalu-
ated with referenceto their processing characteristics, technological prop-
erties and resistance to vulcanizate towards thermal, flame and oil resis-
tance. Theresult indicatesthat with increasing filler content ratio of silica,
the properties such as tensile strength, modulus, tear resistance, hard-
ness, compression set, heat build up and flameresistanceincreaseswhereas
elongation at break and resilience decreases. The changes in technologi-
cal properties had been correlated with variation in cross-link density esti-
mated from stress strain and swelling behavior. The results of the studies
showed that silica could be used as excellent reinforcing filler for DCSBR.
The mechanical properties such as tensile strength, modulus and hard-
ness of the silica filled DCSBR were also evaluated after immersion in
ASTM oil. Variation of bound rubber content of silicafilled DCSBR and
the influence of the extracting temperature on the bound rubber content
was investigated and its activation energy was aso calculated from the
Arrhenius plot. © 2008 Trade ScienceInc. - INDIA
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Silicaoccupiesanimportant position in therubber
industry asan indispensable material, becauseit had
reinforcement effect and an excellent functionality for
rubberd*4, It impartshightear strength, low heat build
up and better compound adhesion characteristicsin
polar rubbers®. Further it was obtained from regener-
ating source, unlike carbon black, whichwas manufac-
tured from fossi | feed through high-energy demanding
operaiong®. Hencereinforcement of rubberswithsilica
may be favored over carbon black on economic

grounds. Thereiscontinuinginterest to provideimproved
propertiesto non-black filled rubber goods. Morere-
cently, silicawasfound to exert ahigher reinforcement
over elastomersand toimprovethetiredurability and
now usedin placeof carbon black filler!™. Another rea-
sonwasthat silicafilled passenger tires showsalow
hysterisisin comparison with carbon black filled tire
[8-10]

Thechemicd environment of silicaparticleisquite
different fromthat of carbon black dueto the existence
of silanol groupinthe particles. Silicahad number of
hydroxyl group onthe surface, whichresultsin strong
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filler interaction and absorption of polar materialsby
hydrogen bonding*?. Sinceinter molecular hydrogen
bonding between hydroxyl groupsonthesurfaceof sllica
werevery strong and it could formtight aggregate*12.
Theway to avoid aggregation wasto improvethe com-
patibility between silicaand rubber in order to reduce
theslicamigration. Hence hydrated silicaimparts bet-
ter physica propertiesto polar synthetic rubbersthanit
does not to nonpolar rubberslike natural rubber, sty-
rene butadiene rubber and thelike, and have used to
produce colored articlesthat require high strength prop-
erties. We recently reported that in small amount of
DCSBR could be used asacompatibiliser for SBR/
NBR and SBR/CR blends and a so studied therein-
forcing nature of filler like carbon black and silicaon
these blend system**1€l, Theinteraction between hy-
drocarbon rubber and silica can beimproved by the
introduction of polar group in the rubber or by some
additives. Our previouswork!*"18 showed that chemi-
cdly modified SBR (DCSBR) haveexcdlent resistance
toail, superior to CR and approaching to that of NBR.

In addition to this dichl orocarbene modification also
imparts better flameres stlance and tensilestrength than
that of polar rubbers like CR and NBR. The
processability and final propertiesof most elastomeric
products could be best evaluated by appropriate test
ongumedagtomer over differentfiller concentration. Both
the gum andfilled compounds could providesignificant
indghtintothemicrostructral understanding of thefiller
rubber interaction of ahighlyfilled system. The present
study, thereforeamsto further improvethe properties
of modified rubber with different filler content of silica
withreferencetotheir cure characteristics, mechanical

properties, flameand oil resistance of the composite.

Thereinforcing nature of thefiller wasalso calculated
using gresssrainand swelling measurements. Thevaria:

tion of bound rubber content of silicafilled DCSBR
andtheeffect of temperaturewiththefiller content ratio
waseva uated. Theinfluence of extacting temperature
onthebound rubber content wasinvestigated and the
activation energy for loosely bound rubber was a so
cdculated usingArrheniusplot.

EXPERIMENTAL

Dichlorocarbene modified styrene butadiene rub-

> Fyf) Poper
TABLE 1: Basic formulation of silica filled DCSBR

Mix no.

Ingredients 1 2 3 4 5

DCSBR 100 100 100 100 100
Stearic acid 15 15 15 15 15
Zinc oxide 5.0 5.0 5.0 5.0 5.0
CBS 1.2 1.2 1.2 1.2 1.2
TMTD 0.8 0.8 0.8 0.8 0.8
TDQ 1.0 1.0 1.0 1.0 1.0
Aromatic oil - 0.7 1.4 2.1 2.8
Silica - 10 20 30 40
Sulphur 2.2 2.2 2.2 2.2 2.2

CBS is N-Cyclohexyl 1,2- benzothiazole sulphenamide; TMTD
is Tetramethyl thiuram disulfide; TDQ is 2,2,4-trimethyl 1,2-
dihydroquinoline

TABLE 2: Details of the analysis of vulcanised samples

Physical properties  Equipments M ethod
Zwick Universal  ASTM D 412-80

Tensile and tear

strength Testing Machine  and ASTM D
(UTM) 624-81
Compression st Compressed tp ASTM D 395 -
constant deflection 1982

Rebound resilience Dunlop Tripsometer ASTM D 1504

Abrasionresistance  DIN abrader DIN No.5351
Hardness Shore A type ASTM D-2240-
durometer 81
Heat build-up Goadrich — A\stm b 623
flexometer
Stanton Redcroft
Lol FTA flammability 1M D 2843
Thermal ageing .
(70°C for 5 days) Conventional oven ASTM D 573-88

ber with 15% chlorine content was synthesized by a -
kainehydrolysisof chloroformwith styrene butadiene
rubber (SBR) in presence of phase-transfer catayst*.
Rubber additives were reagent grade obtained from
local chemicd suppliers. Thefilled DCSBR compounds
were prepared by adding various amounts (10, 20, 30
and 40 phr) of precipitated silicain atwo roll mixing
mill and the basic formulation used in the study was
giveninTABLE 1.

Curecharacteristicswerestudied usng aMonsanto
Rheometer R-100 at 150°C according to ASTM D
2705. The sampleswerevulcanized totheir respective
curetimeinahydraulic pressat 150°C and apressure
of 4.4 Paonthemould. Thedifferent physical proper-
tiesof thevul canised sampleswere anadysed as per the
relevant ASTM standard and details were given in
TABLE 2.

Thecross-link dengity of arubber vul canisate could

— P plericly Science
;4%7%4(44?0%5



80 Interaction of silica in dichlorocarbene

MSAIJ, 4(2) January 2008

Full Paper ==

be estimated from swelling measurement™*2%, or by a
mechanical method involving stress strain measure-
ment'?, The cross-link density wasdetermined from
swelling data, thesamplesweredlowed toswdl intolu-
eneand the equilibrium uptake was noted. From mo-
lecular weight between crosslinks Mc, the crosslink
density v wascd culated using thefollowing equation®,
v=12M_ @

Onthebasisof phenomenological theory of rubber
elasticity and derived from the M ooney Rivlin equa-
tion(23, stress-strain measurement could be used for
measuring the crosslink density of rubber. Thiscanbe
obtained using Equations (2) and (3) below. From the
plot of 6 /(A-A"?) and 1/A, the constants C, and C,
can be determined, theintercept of thecurveonthec,
/(A—1"?) axis correspondsto the C, valueanditsslope
correspondsto thevalueof C,.

F=2A (A-A?)(C,+CAY )
o, /(A-A?)=2C +2C /A ©)
Where Fisthetensile extension force required for stretching a
specimen, A is the cross-sectional area of the unstretched
specimen, 6, isidentifiablewith F/A jand C, and C, character-
istic congtant of the vulcanizate. C, is directly related to the
physically effective crosslink density (Vphys) by the equation,
C =pRTv, 4)

Oil resistance of the composite was measured by
immersingthespecimenstoinASTM #1, 2and 3ol a
25°C and at 100°C for 72 hrs. Thereafter, thetest speci-
men wasremoved from theoil, quickly dippedin ac-
etone, and blotted lightly with filter paper to remove
excessoil fromthe surfaces. Findly, tensleand hard-
ness of thesamples (inASTM # 3 qil at 25°C) were
measured.

Bound rubber contentswas determined by extract-
ing the unbound materia with toluenefor seven days
and in n-heptanefor oneday and drying for two days
a roomtemperature. Theexperimentswere conducted
at 30, 50, 70 and 90°C using conventional oven.
Weights of the sampl e before and after extraction was
measured and bound rubber was ca cul ated by follow-
ingequation.

R, (%) =100x{W,-W [m// (m+m )]}/ W [m/ (m+m)] (5)
Where R, is bound rubber content, ng isthe weight of filler
and gel, W, the weight of sample, m, isthe fraction of filler in
the sample, m is the fraction of the rubber in the compound.

prope ities {min )

Curing

Silica content (phr)
Figure1: Optimum curetimeand scor ch timeof different
content of silicafilled DCSBR

—®—Minimum torque
—s ]
.

Curing properties {dNm)

Silica content (phr)
Figure2: Maximum tor queand minimumtorqueof differ-
ent content of slicafilled DCSBR

RESULTSAND DISCUSSION

Curecharacteristics

Theeffect of silicaon the cure characteristics of
DCSBR with different content such as 10, 20, 30 and
40 phr of fillersareshowninfigures1 and 2. Itisobvi-
ousfrom figure 1 that the scorch time and optimum
curetime decreaseswith increasein concentration of
fillerinDCSBR. Thisclearly indicatesthat fillerincreases
therateof curing of DCSBR*. Thereductionin opti-
mum curetimemay possi bly dueto theincreased ther-
ma conductivity of thecompositesystemn, resultingfrom
theformation of conductive chain composed of filler
patide?. Thevariaionof torquegiveninfigure2 shows
that, themaximum torqueincreases gradually asload-
ing of filler in DCSBR increases. The increase in
rheometric torqueis attributed to the better polymer
filler interaction that becomes more pronounced in 40
phr filler loading. It isalready reported that maximum
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TABLE 3: Mechanical propertiesof DCSBR with different
content of silica

Filler content (phr)

Properties 0 10 20 30 40
Tensilestrength (MPa) 115 159 20.1 229 24.0
Modulus, 300% (MPa) 33 45 59 81 103
Elongation at break(%) 510 459 430 400 365
Tear strength (kN/m) 41.8 47.8 523 56.3 59.0
Hardness (Shore A) 41.0 46.0 49.0 53.0 58.0
Resilience (%) 35.0 32.0 300 270 230
Heat build up (°C) 150 19.0 220 250 270
Compression set (%) 14.0 17.0 19.0 240 26.0

LA values

Eel
2 ] it Ei Ll

Silica content (phr)
Figure3: Variation of limiting oxygen index value (L Ol ) of
different concentration of silicafilled DCSBR
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Silica content (phr)
Figure4: Changein ASTM oil resistancevaluesof differ-
ent content of silicafilled DCSBR at 25°C and at 100°C

torgue dependent on the cross-link density and chain
entanglements, andfor thissystem higher interactionis
duetothesilanol group of silicawith chlorinegroup of
DCSBR.

Effect of filler content ratio on mechanical proper-
ties
Effect of dlicacontent on the physical propertiesof

DCSBRispresentedin TABLE 3. Modulusat 300 %
isincreased with increasing theloading of silica. The

==  Pyl] Peper

increased crosdink density resulting from polymer filler
Interaction might have contributed to the modulusen-
hancement. Improved tenslestrength and reduced e on-
gation at break (EB) are considered asthecriteriafor
higher filler reinforcement’®, FromTABLE 2itisdso
evident that asthe content of filler increasesthetensile
strength increases where as the elongation at break
decreases. Thesetwo propertiesaread sorelated to the
nature and number of crosslinks. It can a so seen that
themagnitudeof increaseinthetendlestrengthishigher
up to 20phr, when the | oading becomes 30 - 40 phr the
meagnitudeislower compared to 10to 20phr. Thismeans
that themoreuniformdigtribution of fillerinDCSBRis
up to 20 phr loading, in other wordsthisloading pro-
videsalargeinterfacid areaof contact, resultingin bet-
terinterfacia adhesion. Thevariaionsintear resstance
abrasionlossfor DCSBR with different filler loading
areshownin TABLE 3. Improvement intear and abra-
sionresistanceisthe measure of enhanced filler rein-
forcement(?, Both tear and abrasion resistance in-
creaseswithincreaseinloading of filler. Fller particles
present at the crack propagation tip arrest the propa-
gating cracksand thusincreasethetear strength. The
variaioninreslienceand hardnessof slicafilled DCSBR
aregivenin TABLE 3. Resilience showed acontinuous
decrease, where as hardnessincrease. It can be seen
fromthe TABLE 3 that thecompression set increases
withincreaseinloading of filler. Compression set data
measuresthe ability of sampleto recover from com-
pression and providesinformation regarding the degree
of crosslinking that takes place during compression, a
lower result indicatesless crosslinking (hardening) dur-
Ing compression.

Heat build up of an dastomer result fromtheinter-
nd frictioninthesample. It canbeseenfromthe TABLE
3that heat build upincreaseswithincreasingloading of
filler. Thisisdueto thelesseffectiveinterface, which
leadsto theincreased friction between thefiller and
polymer.

Thelimiting oxygenindex vauesof variousloading
of slicafilled DCSBR arepresented infigure 3. When
the ha ogen containing dastomersareignited, they could
exhibit anintumescences effect, dueto which thechar
formed thermally insulatethe polymer fromtheflame
and thusinhibitscombustion. Fromthefigureitisclear
that flameres stanceincreaseswith increasein concen-
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Decrease in properties (%)

Silica content (phr)
Figureb5: Decreasein percentage of tensilestrength and
elongation at break of silicafilled DCSBR after aging at
72 hrs

TABLE 4: Crosdink density parameter C, C,, Vs from
stressstrain measurement and from swelling data

M ooney

Filler Rivlin Flory Rhener
: -5
contentequation %10 2C, , 2C, , Equation x110
(phr) (g malmi™) (Nmm-9) (Nmm-9) (g molml™)
0 141 3.25 0.736 2.50
10 1.50 3.38 0.750 3.05
20 1.56 3.47 0.761 3.20
40 1.61 3.53 0.770 3.31
30 1.65 3.57 0.778 3.40

tration of sillicain DCSBR. Substanceswith LOI vaue
above 20.8 areclassified asrelatively safewhile sub-
gtanceswith LOI lessthan 20.8, which continueto burn
inoxygen deficient air, are not safe asbuilding mate-
riad?1. DCSBR filled composite show better flamere-
sistance, which isdueto presence of two chlorine at-
omsinoneunit of SBR, which leadsto higher flame
resistance. Hence the DCSBR composite considered
being safefor indoor applications.

ATSM oil resistance properties at 25°C and at
100°C of silicafilled DCSBRisgiveninfigure4. Itis
evident fromthefigurethat oil resistance of DCSBR
filled silicaisincreased with increasing concentration of
filler. Theageing resistance of thevulcanizate, isas-
sessed by determining thetensile propertiesand elon-
gation at break beforeand after aging. Theresistance
of the rubber samplesto thermal ageing was consid-
ered asan essentia requirement for thelong servicelife
of products. The percentages of decreasein tensile
strength asaresult of aging are presented infigure5. It
can be seethat after aging the changein tensile and
elongation at break propertiesare decreaseswith in-

creasingloading of filler.

Calculation of crosdink densty from swellingand
stress-strain behavior

Thecrosdink density values obtained from swell-
ingdatafor dlicafilled DCSBR aregivenin TABLE 4.
Generdly, thepresenceof an active (reinforcing) filler
reduces the extent of equilibrium swelling?®. The
crosdink dengity isfound to beincreasing withincrease
inconcentration of slicafiller. Higher crosdink density
isobserved for silicawith 40 phr loading, thisisbe-
cause of therestriction of swellingwhich causesanin-
creaseinvolumefraction, whichinturnincreasesthe
crosslink density. It should be noted that studies on
equilibrium sweling of filled rubber vulcanizateareusu-
ally conducted, assuming that the presenceof filler does
not ater thepolymer sol vent interaction considerably™®.
Thecrosdink density vaues(v phys) caculatedusngthe
Equation4isgivenin TABLE 4. It can be seenthat the
forceand crosdink dengity isfound to bemaximumin
40 phr silicacontaining DCSBR andisin good agree-
ment with theincreasein rheometric toque. Asthe con-
centration of silicaincreases, the2C, valueisfoundto
beincreasing (TABLE 4). Inapaper!, Mooney-Rivlin
constant C, isobserved to be associated with intermo-
lecular forcesand flexibility between polymer chains.
Thisvaueincreaseswithincreasein proportionof rigid
(such asthepolymer filler interaction™) and increasing
degree of crosdinking®¥. Thehigher 2C2 value noted
for the40 phr sllicacontaining DCSBR, showsthepres-
enceof higher chain entanglement®3, ahigher chain
entanglement shows better molecular level mixing. The
crosslink density increaseswith loading of DCSBR.
Thusthe observed tensile strength variation can be ex-
actly correlated with the variation of vphys from
Mooney-Rivlin egquation and thecrossink dengity data
from swelling studies. Moreover, thevaues of vphys
are higher compared to that of crosslink density from
swelling studies. In swelling studies of these samples,
crosdinksareflexibleto penetrants, but astheloading
of filler increasesthey restrictstheswelling. Thedis-
crepancy between crosslink density determined by
chemica analysisand by the gpplication of stress-dtrain
equationispartly dueto theentanglementsof interpen-
etrating network chains, which behaveascrosdinksand
partly by the presence of elastically ineffective chain
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Tensile stength (MPa)

ib m ) ]
Silica content (phr)
Figure 6: Change in tensile strength of silica filled
DCSBR beforeand after oil immersion
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Figure7: Changein hardnessof silicafilled DCSBR be-
foreand after oil immersion
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ends.

Theresult of oil res stance based onthechangesin
tendlestrength and hardnessafter oil immersionat room
temperaturefor about 72 hrsispresentedin figures6
and 7. Itisobviousfrom thefigure 6 that the tensile
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Figure 9: Arrhenius plotsfor the extraction of the un-
bound and loosely bound rubber of silicafilled DCSBR
compound

properties of the compounds are decreases after oil
immersion and the magnitude of decreaseintensile
strength isdecreased with increasein concentration of
filler. Thechangein hardnessof thefilled DCSBR after
oil immersionisshowninfigure 7. The magnitude of
decreasein hardnessincreaseswith increasing filler
content inthematrix. DCSBR possesexcel lent resis-
tance to hydrocarbon liquids due to the presence of
two chlorineatomsin oneunit of SBR, andtheoil re-
Sstanceisexpectedtoincreasewithincreasein polar-
iy,

Estimation of bound rubber

Variation of bound rubber content of thesilicafilled
DCSBR compoundswithfiller content ratioisgivenin
figure 8. The bound rubber content of filled DCSBR
increaseslinearly with increaseinfiller content ratio.
Thismay be possibly dueto the chemical bonds be-
tweenthesilanol group of silicaand rubber by the polar
interaction of both filler and DCSBR. The chemical
bonds between DCSBR and silicaenhancethe bound
rubber formation. Thebound rubber content decreases
astheextracting temperature becomeshigher. Thisim-
pliesthat theloosely bound rubbers start to extract as
thetemperatureincreases®l. Bound rubbersconsist of
loosely and tightly bound ones. Theloosely bound rub-
ber existsin an outer shell around thefiller whilethe
tightly bound rubber isin theimmediatevicinity of the
filler particle. Theloosdly bound rubber can beextracted
using the solvent a high atemperature becausethebind-
ing energy of may bevery low. Theextraction rate can
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TABLE5: Activation ener gy for extraction of loosely bound
rubber insilicafilled DCSBR

Slica content (phr) Activation energy (KJ/mal)

10 1.40
20 1.48
30 1.59
40 1.67

be plotted us ngArrheniusequation (6).
Ink=InA-Ea/RT (6)
wherek isthe extraction rate, A isthe Arrhenius pa-
rameter, Eaistheactivation energy, Risuniversal gas
constant and T isthetemperature. TheArrheniusplots
fortheglicafilled DCSBRispresentedinfigure9. The
dopeobta ned from the plotsindicatesthesengitivity of
theextractionrateto temperature, dopeincreaseswith
increasein concentration of filler inthe polymer matrix.
Theactivationenergy cd culated fromtheArrheniusplots
isgivenin TABLE 5. Theactivation energy increases
withincreasein the concentration of filler. Theextract-
ing rubbersincludetheloosdy bound oneaswel| asthe
unbounded one. Energy to dissolvethe unbound rub-
ber fromthefiller gd ismuch lower than for theloosdy
bound rubber. Hence higher energy isrequired to ex-
tract theloosely bound rubber astheamount of loosely
bound rubber increases, which can beattributed dueto
the occluded rubber. Thefiller aggregatein thefiled
rubber compound have tendency to associate to ag-
glomerates, especidly at higher loading of filler, leading
tochainlikefiller structureor filler network or cluster.
Thesearegenerdly called secondary structureor filler
network®. Thefiller network enhancesthe content of
theoccluded rubber, thisocclude rubber includeslarge
loosdly bound rubber.

CONCLUSIONS

Studieson DCSBR with different loading of silica
filler showed that thereisareduction in optimum cure
timeandincreasein rheometrictorquewithincreasein
concentration of fillers. Thisclearly indicatesthat filler
increases therate of curing of DCSBR. Mechanical
propertiessuch astensile strength, tear strength, com-
pression setincreaseswith increaseinloading of fillers
and thismagnitude of effect isnoted up to 30 phr load-
ing. Theimprovement in mechanical propertiesissup-
ported by dataon theincreased content of crosdinksin

these samplesobtained from swelling and stressstrain
datameasurements. Themechanical property suchas
tenglestrength, modulusand hardness decreases after
oil immersion where asthese propertiesareincreased
progressively withincreasing concentration of filler. The
bound rubber content isincreased by increasing thetem-
perature and aso increaseswith increasein concentra:
tionof dlicain DCSBR. Activation energy of thefilled
compoundsalso increaseswith increaseinthesilica
content ratio.
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