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ABSTRACT

KEYWORDS
Natural rubber;

This paper presents the results on the effect of specific characteristics of
three completely different carbon black upon the dynamic mechanical and
dielectric thermal properties of natural rubber based composites. It has
been found that the size of carbon black particles, its specific surface area,
respectively, aswell asthe ability of carbon black particlesto form various
aggregates and agglomerates affect both the dynamic mechanical and di-
electric properties of the prepared composites. At the same concentration
of all fillers studied the dynamic mechanical properties of the composites
filled with high structure carbon black having super high specific surface
area are much better than those of the composites filled with conventional
carbon black. The sameisvalid for their dielectric permittivity (¢’) values
which are of about two-three orders higher.
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INTRODUCTION

Natural rubber (NR), produced by Hevea
Brasliengsisagenerd purposerubber whosechemica
structureiscis-1,4-polyisopreng¥. Possessing unique
propertiessuch ashightensilestrength and ability toun-
dergoalargedadtic deformationthenaturd rubber elas-
tomer iswidely used in various applications, e.g. ma-
chineparts, construction parts, automotive partsetc..

With the devel opment of el ectronicindustry, some

specid dielectric materia swith high and/or low didlec-
tric permittivity have been attracting notabl e attention
of theacademic and industrial circles. Thedielectric
propertiesof theinsulative materid s could be adjusted
by dispersing different kinds of fillersinto polymer ma:
tricesto afford polymer/filler composites.
Theaddition of fillersto theel astomers affects not
only thediel ectric propertiesbut and the dynamic me-
chanical propertiesof therubber compositesobtained.
The main characteristics of those compositesare de-
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termined by thesize of thefiller particles, their specific
surface area, structure, coarseness, and surface activ-
itytssl,

There hasbeen an extensive study on the carbon
black reinforcement of rubbers. Therubber molecules
are absorbed on the carbon black particlessurface, or
includedintoitsinterna voidswhich resultsinto apar-
tial immobilization of therubber and into an apparent
increaseinfiller volume. Filler particlesalsoforman
agglomerated inter-particul ar structurewhich may be
associated with specific elastic propertiesand acon-
tinuous breakup and rearrangement, findly leadingtoa
strong nonlinear viscoe astic behavior.

Theeffect that thesizeof carbon black particleshas
upon thedynamic mechanica propertiesof natural rub-
ber based composites has been reported by Chuayjuljit

particlesstructureand their propensity to aggregateand
agglomerate, thefiller compatibility and interaction with
thed astomer matrix. Thecomparison of theresultsfrom
our investigationson those effectsisreportedinthecur-
rentarticle.

EXPERIMENTAL

Char acterization of thecar bon black used

Threetypesof fillershaving absol utdy different spe-
cific surface areaand structurewere chosenfor theex-
periments:. furnace carbon black Corax N220, furnace
carbon black Printex L6 and extraconductive black
Printex XE-2B - all produced by Evonik Industries.
Themost important characteristics of thethreetypes of
fillersaresummarizedinTABLE 1.

TABLE 1: Typical propertiesof thecarbon black used

lodine adsor ption* CTAB-surface BET surface DBP-adsor ption CDBP Primary
Carbon black mg/ areat* mda  areat** md ml/100 Adsorption particle size,
9 9 9 9 ml/100g nm
Corax N 220 121 96 105 98 70 29-32
Printex L6 300 136 150 119 103 10-80
Printex XE-2B 1091 600 1000 403 370 5-20

et d.[@. Theauthorshave established that theaddition of
carbon black affectstheva uesof storagemodulus(E”)
mechanica lossangletangent (tan d). Theintendty of tan
d peak decreases upon filling, especialy with conven-
tional N330 carbon black whoseparticdesizeisthesmdl-
est of dl studied. Thesmall particlesize of thecarbon
black, itshigh specific surfacearea, respectively, favours
itsinteractionswith therubber molecules Asaresult, the
chainflexibility isreduced and lessmechanica energy
could betransfer to therubber molecul es, consequently
tan 6 decreases. However, literaturedatarefer first of all
to conventional carbon black (N330, N220, etc.). Re-
cently new typesof carbon black of unique properties
have been developed. Their characteristics (iodinead-
sorption over 1000 mg/g, CTAB surfacearea 600 n/g,
BET surface area 1000 m?/g etc.) are much better than
those of conventiona carbon black.
Withregardtotailoringthedynamicmechanicd and
dielectric thermal propertiesof compositesitisworth
studying how theformer are affected by the mentioned
above new carbon black and some of its properties,
namely, by itsparticlessize, specific surface area, the

The SAED imagesin Figure 1 present the amor-
phous structure of thethreetypes of carbon black, the
smdll particlesize(<30 nm) and structurdity of thefill-
ers. Asseenfrom TABLE 1 and Figure 1 the studied
fillersdiffer entirdy intheir characteristics. Theprimary
particlesformed during the stage of the carbon black
initid formation fusetogether building upthreedimen-
siona branched clusterscalled aggregates. High struc-
ture carbon black exhibits ahigh number of primary
particles per aggregate whilelow structure black has
only aweak aggregation. Theseaggregatesagainform
agglomerateslinked by Van der Wadlsinteractions. The
empty space (void volume) between theaggregatesand
agglomerates usually expressed as the volume of
dibutyl phtal ate (DBP) adsorbed by agiven amount of
carbon black isdescribed by theterm “structure” (or
“structurality”) of the carbon black. It is assumed that
DBP adsorption reflectsthe total carbon black struc-
turewhich comprisesboth aggregates and agglomer-
ates, whereas the crushed DBP (CDBP) adsorption
test eliminatesloose agglomeratesand easily destroy-
ableaggregates. Theimagesclearly show thetendency
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of Printex L6 and Printex X E-2B toform largeagglom-
eratesin contrast to the conventiona Corax N220 car-
bon black.

-

Preparation and vulcanization of rubber com-
pounds

The studieswere performed on rubber compounds
(inphr) summarizedin TABLES 2, 3and 4.

TABLE 2: Composition of thestudied rubber compounds
comprising Corax N220 car bon black

Cl C2 C3 C4 C5 C6
Natural Rubber (NR) 100 100 100 100 100 100
ZnO 5 5 5 5 5 5

Stearic Acid 2 2 2 2 2 2
Carbon black Corax 0O 10 20 30 40 50

N220
TBBS' 08 08 08 08 08 038
Sulfur 225 225 225 2.25 225 2.25

ITBBS - N-tert-butyl-2-benzothiazolesulfenamide

TABLE 3: Composition of thestudied rubber compounds
comprising Printex L 6 carbon black

PL1 PL2 PL3 PL4 PL5 PL6
Natural Rubber (NR) 100 100 100 100 100 100

ZnO 5 5 5 5 5 5

Stearic Acid 2 2 2 2 2 2
Carbon black Printex 0 10 20 30 40 50

L6
TBBS' 08 08 08 08 08 08
Sulfur 225 225 225 225 2.25 2.25

ITBBS - N-tert-butyl-2-benzothiazolesulfenamide

Since Printex X E-2B hasahigh specific surface
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area, it was used at amounts lower than those of the
other two typesof carbon black.
Therubber compoundswere prepared on an open

; —
100 nm

Figurel: TEM micrograph of carbon black used and micrograph in SAED regime(on theright): a) Corax N220, b) Printex
L6, c) Printex XE-2B

two-roll [aboratory mill (L/D 320x360 andfriction 1.27).
The speed of the slow roll was 25 rpm. The experi-
mentswererepested for verifying thestatistica sgnifi-
cance. Theready compoundsintheform of sheetsstayed
24 hoursprior to their vul canization.

TABLE 4: Composition of thestudied rubber compounds
comprising Printex XE-2B car bon black

PXE1 PXE2 PXE3 PXE4 PXES5 PXE6

Natural Rubber

(NR) 100 100 100 100 100 100
ZnO 5 5 5 5 5 5
Stearic Acid 2 2 2 2 2 2
Carbon black

Printex XE2B  © 5 75 10 15 20
TBBS' 08 08 08 08 08 08
Sulfur 225 225 225 225 225 225

TBBS - N-tert-butyl-2-benzothiazolesulfenamide

Theoptima curing timewas determined by thevul-
canization isotherms, taken on an oscillating disc
vulcameter MDR 2000 (AlphaTechnologies) at 150°C
according to 1SO 3417:2002.

MEASUREMENTS

Dynamic mechanical thermal analysis

Dynamic properties (Storagemodulus(E”) and me-
chanical lossangletangent (tan 6)) of the NR based
vulcanizateswereinvestigated using aDynamic Me-

e, Research & Reotews On

Polymer



96 A comparative study on the effect produced by fillers specifics

RRPL, 3(3) 2012

Full Paper ==

chanica Thermda Andyzer Mk 111 system (Rheometric
Scientific). Thedatawereobtained at 5Hz frequency,
64 um strain in the temperature range from -80 to 80°C
using ahesting rate of 3°C/min under single cantilever
bending mode. The dimensions of the investigated
sampleswereasfollows: width 10 mm, length 25 mm
and thethickness measured using amicrometer varied
between 1 and 2 mm.

Dielectricthermal analysis

Didlectric properties (Permittivity (¢’)) of theNR
based compositeswereinvestigated using Dielectric
Thermd Andyzer (Rheometric Scientific) at 4 different
frequencies(1 kHz, 10kHz, 100kHz and 1 MHz) in
the temperature range between 20 and 100°C on a
samplehaving adiameter gpproximately 32 mmand 1
mmthickness.

RESULTSAND DISCUSSION

Dynamic mechanical thermal analysis

The properties obtained by DM TA werethe stor-
agemodulus(E’) and the mechanical loss angle tangent
(tano).

Figures 2, 3 and 4 present the temperature de-
pendence of storage modulus (E’) for the vulcanizates
comprising different amounts of Corax N220 (Fig-
ure 2), Printex L6 (Figure 3) and Printex XE-2B
(Figure4).
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Figure 2 : Storage modulus (E’) dependency on the
temperature at various filler content for composites
comprising Corax N220 car bon black
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Figure 3 : Storage modulus (E’) dependency on the
temperature at various filler content for composites
comprising Printex L 6 carbon black
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Figure 4 : Storage modulus (E’) dependency on the
temperature at various filler content for composites
comprising Printex XE-2B car bon black

Asthefigures show, inthetemperatureinterval -
80°C +-45°C all vulcanizates studied are in the glass
sateregardlessof thefiller used. No significant changes
inthevaluesof storagemodulus (E’) as a function of
filler amount have been observedinthe said tempera-
tureinterval. The storage modulus (E’) values of the
compositesin that interval are commeasurabl e (about
9- 9.2 Pa) no matter thetypeof thefiller anditsamount.
At about -40°C coinciding with the transition from the
glassto high dagtic statethe storagemodulus (E’) val-
uesstart to decrease. Thereisanincreasein the stor-
agemodulus(E”) values with the increasing filler amount
for dl compositesstudied intheinterval -30°C + 80°C
when the compositesareinthehigh elastic state. That
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ison account of the restricted, decreased mobility of
themacromol eculesfollowingthe rimmobilization onto
thefillerssurfaceandfirst of dl because of theimmobi-
lization onto carbon black particles. In correspondence
with!” the effect may be used asameasurefor fillers
reinforcing activity, becausewhenthefiller reinforcing
activity isstronger, themotion ismore hampered, hence
theincreasein E’ is also stronger.
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Figure 5 : Storage modulus (E’) dependency on the

temperature for composites comprising different type of
fillersat 10 phr
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Figure 6 : Storage modulus (E’) dependency on the
temperature for composites comprising different type of
fillersat 20 phr

Figures 5 and 6 present the temperature depen-
denceof goragemodulus (E’) of the vulcanizates filled
with all thefillersstudied at 10 phr (Figure5) and 20
phr (Figure6). Thefiguresillustratethe changesin the
composites dynamic properties caused by thediffer-
encesinthe carbon black used.

—= Fyl| Paper

AsFigures5 and 6 show intheinterval -30°C +
80°C the composites studied being in the high elastic
stateand having the samefiller amount those compris-
ing Corax N220 possessthelowest storage modulus
(E’) values. In the particular temperature interval stor-
agemodulus(E”) values increase in the following order:
Corax N220 < Printex L6 < Printex XE-2B. Theresult
isexpected havingin mind that the specific surface area
determined by thefiller’s particle size increases in the
sameorder. As said abovethe higher specific surface
areaof thefiller particlesbenefitsthed astomer-carbon
black interaction reved ed by higher storage modulus
(E”) values.
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Figure7: Dependency of mechanical lossangletangent (tan
0) on the temperature at various filler content for composites
comprising Corax N220 carbon black
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Figure8: Dependency of mechanical lossangletangent (tan
0) on the temperature at various filler content for composites
comprising Printex L 6 carbon black

e, Research & Reolews On

Polymer



98 A comparative study on the effect produced by fillers specifics

RRPL, 3(3) 2012

Full Paper ==

2.5+
| h —=—PXE 0
204 || ; —0—PXES5

| o -&—PXE 7.5

ali —o—PXE 10

1.54 (el %—PXE 15

80 60 40 20 0 20 40 60 80
Temperature, o

Figure9: Dependency of mechanical lossangletangent (tan
0) on the temperature at various filler content for composites
comprising Printex XE-2B car bon black

Tan & being the ratio between the dynamic loss
modulus (E”) and dynamic storage modulus (E’) (tan &
=E”/E’)illugratesthemacromoleculesmohility aswell
asthephasetransitionsinthe polymers®. Figures7, 8
and 9 pl ot the dependencies of mechanical lossangle
tangent (tan &) on the temperature at avarious content
of Corax N220 (Figure7), Printex L6 (Figure 8) and
Printex XE-2B (Figure9).

Asseenfrom Figures7, 8and 9inthe0°C +80°C
interva thereareno significant differencesin mechani-
cd lossangletangent (tan 8) dependency on the amounts
of carbon black used. It isknown the mechanical loss
angletangent (tan o) peak for the composites studied
to bein accordancewith theglasstrangtion tempera-
ture(Tg). Inal casesstudied achangeinthefiller amount
leadsto achangeinT ; of about 2-3°C. Evidently, the
type of carbon black has no considerabl e effect upon
T, of thevulcanizatesinvestigated. It isabout -40°C.
Figures7, 8and 9 show the customary decrease of tan
d peak intensity with theincreasing amount of al three
fillersthat iscaused by thereinforcement effect of car-
bon black.

Figures 10 and 11 present the temperature depen-
dence of mechanica lossangletangent (tan 6) for the
vul canizates comprising thethreefillersstudied at 10
phr (Figure 10) and 20 phr (Figure 11).

According to Figures 10 and 11 inthe 0°C + 80°C
interval at thereareno significant differencesin me-
chanical lossangletangent (tan 8) dependency on the

type of carbon black used at the same amount. The
Figuresreved that thesmaller thefiller’s particles the
higher their specific surface area, hencethelesser the
intensity of tan 6 peak. The effect is more pronounced
at higher concentrationsof thefillersused (Figure 11).
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Figure 10 : Dependency of mechanical lossangletangent

(tan 8) on the temperature for composites comprising
different fillersat 10 phr
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Figure 11 : Dependency of mechanical loss angle tangent
(tan ) on the temperature for composites comprising different
fillersat 20 phr

The dataobtained alow the conclusion that at the
same concentration Printex X E-2B carbon black hasa
more pronounced beneficiary effect upon the mechani-
ca propertiesof the natural rubber based compositesif
compared to that of the conventiona Corax N220 car-
bon black.

Dielectricthermal analysis
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Thedidectric permittivity (¢') of thecompositeshas
been determined by DETA.. Figures 12, 13 and 14 plot
thefiller amount dependenceof thedidectric permittivity
(") of theinvestigated natural rubber-based composites
comprising thethreetypesof filler whoseparticlessize
and structurality are absol utdly different. Thedieectric
permittivity (¢') valueshave been determined at 1 Khz,
10kHz, 100kHz and 1 MHz, and at 30°C.
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E 504 L A
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Figure12: Dependency of thedielectric per mittivity (¢) at
variousfiller content and temper atur e 30°C for composites
comprising Corax N220 carbon black at four different
frequencies
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Figure 13: Dependency of thedielectric permittivity (g”) at
variousfiller content and temper atur e 30°C for composites
comprising Printex L6 carbon black at four different
frequencies

Theplotsin Figures12, 13 and 14 reved that at al
Sudied frequendesthedidectricpermittivity (€”) increases
a ahigher amount of eachfiller. Inthecaseof highsruc-
ture Printex X E-2B carbon black theeffect ismore pro-
nounced. Thechangeinthedidectric permittivity (¢’)

—= Fyl| Paper
vauesfor compogtescomprisingthisfiller occursonly a
7,5 phr. Inthecase of Printex L6 carbon black &’ values
start toincreaseat afiller amount over 10 phr, whilefor
Corax N220 carbon black the processis observed at
about 30 phr. In all casesthefrequency doesnot havea
sgnificant effect uponthedidectric permittivity () since
theelastomer matrix isthedetermining factor. At filler
concentrations higher than the one mentioned for each
filler theincreasing frequency causesadecrease of the
dielectric permittivity. AsFigures 13 and 14 show the
percolaionthreshol d for compositescomprising Printex
XE-2B carbon black to be at about 10 phr, while for
thosefilled Printex L6 carbon black it isat about 20 phr.
AccordingtoFgure12 thecritical concentration of Corax
N 220 carbon black ishigher than 30 phr. Such concen-
tration fadilitatestheformeati on of € ectroconducting path-
wayswhichfavour the polarization of thesystem. That
meansinthecaseof compos tescomprising conventiond
Corax N220 carbon black the percolation thresholdis
reached and passed at afiller amount higher than 30 phr.
Asseenthediéectric permittivity (¢”) valuesfor com-
positescomprising maximum Corax N220 carbon black
areacoupleof orderslower than thoseof therespective
compositesfilled with Printex XE-2B and Printex L6
carbon black. That might beexplained by thelower spe-
cdficsurfaceareacf theformer carbon black whichlimits
theinteractionsbetween thefiller particles, henceahigher
filler amount is necessary for the formation of

electroconducting pathways.
| |
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Figure14: Dependency of thedielectric per mittivity (¢”) at
variousfiller content and temper atur e 30°C for composites
comprising Printex XE-2B carbon black at four different
frequencies
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Figures 15 and 16 present the frequency depen-
denceof thedidectric permittivity (¢”) at 30°C for the
compositescomprising different fillersat 10 phr (Fig-
ure 15) and 20 phr (Figure 16).
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Figure 15 : Frequency dependence of the dielectric
permittivity (¢’) at 30°C for the composites comprising
different fillersat 10 phr
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Figure 16 : Frequency dependence of the dielectric
permittivity (¢’) at 30°C for the composites comprising
different fillersat 20 phr

AsFigures 15 and 16 show at any of the studied
frequenciesthecompostescomprising conventiond low
structure carbon black Corax N220 have the lowest
dilectric permittivity (€”) values. Inthosecasesthedas-
tomer matrix isthefactor determining the parameter
discussed. When the particle size of the carbon black
studied decreases, its specific surface areaincreases
what leadsto significantly higher dielectric permittivity
(€”) values. At thesame concentrationsof thefillersstud-

ied thoseva uesfor the compositesfilled with high struc-
ture carbon black aretwo-three ordershigher thanthe
onesfor thecompositesfilled with Corax N220. Hence,
for thethose compositesit isthe phase of thefiller that
determinesthedidectric permittivity (€”).

Figures 17 and 18 present the frequency depen-
denceof thedidectric permittivity (¢”) for the compos-
itescomprising different fillersat 10 phr (Figure 17)
and 20 phr (Figure 18) studied at 80°C.
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Figure 17 : Frequency dependence of the dielectric
permittivity (¢’) at 80°C for the composites comprising
different fillersat 10 phr
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Figure 18 : Frequency dependence of the dielectric
permittivity (¢’) at 80°C for the composites comprising
different fillersat 20 phr

Thefigures show the tendency of changein the
dielectric permittivity (¢’) valuesat 30 °C to be sus-
tained at 80 ° C. Inal the casestheincreasein tem-
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peratureleadsto asignificant increaseinthosevalues.
The effect is more pronounced for the composites
comprising agreater amount of carbon black andin
particular for the ones comprising the high structure
type Printex XE-2B.

The explanation of the effects observed under all
other identical conditions (the same el astomer matrix,
the samefiller concentration, the same preparation of
the compositesand their vul canization) could befound
inthespecific characteristicsof eechfiller. Asseenfrom
TABLE 1thevaluesfor those parametersdiffer com-
pletely. Hence, thefactorsdetermining thegreat differ-
encesinthecompositespropertiesare:

o Paticle-paticleinteractions, aggregation and
agglomerdtion.

o Fillerparticlesdectrical conductivity and didectric
permittivity.

¢ Particlesurfacemorphology and roughness.

e Specificsurfacearea.

o Surfacefreeenergy.

CONCLUSIONS

Theeffect that the specific characteristicsof three
completely different carbon black have upon the dy-
namic mechanical and dielectric propertiesof natural
rubber based compositesfilled at different concentra-
tions has been established experimentaly. A compari-
son of the effect produced by carbon black of super
high specific surface areaand the oneresulting from
conventiona carbon black has been made.

It hasbeen found that the size of carbon black par-
ticles, itsspecific surface area, respectively, aswell as
theability of carbon black particlestoform variousag-
gregates and agglomerates affect both the dynamic
mechanical and dielectric properties of the prepared
composites Atthesame concentration of dl fillersstud-
ied thedynamic mechanical propertiesof the compos-
itesfilledwith high structure carbon black having super
high specific surface areaare much better than those of
the compositesfilled with conventional carbon black.
Thesameisvaidfor their dielectric permittivity (g”)
valueswhich are of about two-three ordershigher.

The comparative study demonstratesthat the dy-
namic mechanical and dielectric properties of rubber
composites can betailored viaan appropriate selection

—== Fyl] Paper

of thefiller which specific chemical natureand structure
arecapableof yieding the parametersrequired for the
particular gpplications.
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