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ABSTRACT

Addition of an inorganic component to polymers |leads to improvements
in various physical and mechanical properties. These improvements are
the result of acomplex interplay between the properties of theindividual
congtituent phases: the polymer, thefiller, and theinterfacial region. Filler
morphology such as the particle size, structure, and aspect ratio (Iength/
diameter) havealargeinfluence on the physical performance of the poly-
mer composites, 5 different rubber compound were prepared by using
(SBR 1502) type of Styrene Butadiene rubber in level and each recipe
reinforced with Titanium Dioxide (TiO,) at constant ratio (60) pphr (part
per hundred), Stearic Acid (S.A) at variableratio (20,40,60,80 and 100)
pphr The physical properties such as Tensile, Elongation, Young Modu-
lus and Compression were Studied. The result show that the hardness,
Fatigue, Compression, wear, increase with loading level of (S.A). But the
Tensile and Elongation that increase with excited ratio of (S.A) and de-
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crease in another Value at 100 %.

INTRODUCTION

Theterm rubber (elastomer) is used to describe
vulcanized polymeric materials, whoseglasstrangition
temperature is sub-ambient and, amongst other
properties, has the ability to be extensively and on
releaseof sress, returntoitsorigina length Thecommon
characteridicsof dastomersarether dadticity, flexibility,
and toughness. Beyond these common characteristics,
each rubber has its own unigque properties, often
requiring additivesto achievethe gopropriatebehaviors.
It is customary when discussing the formulation of
rubber compounds to classify the additives by the
functionthey serve. Rubber compoundingingredients
can becategorized as. vulcanizing or crosslinking agents,
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processing ads, fillers, antidegradants, plasticizersand
other speciaty additives?.

The rubbersin the marketplace are of two main
types: crosdinking system and thermoplastic astomer.
Most of the commonly used rubbers are polymeric
materia swithlong chains, whicharechemically cross
linked during the curing process. Thistypeof € astomer
cannot be reshaped, softened, melted nor reprocessed
by subsequent reheating, onceformed?.

They absorb solvent and swell, but do not dissolve;
furthermore, they cannot be reprocessed simply by
heeting. Themol eculesof thermaopl astic rubbers, onthe
other hand, are not connected by primary chemical
bonds. Instead, they are joined by the physical
aggregation of partsof themoleculesinto hard domains.
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Hence, thermoplastic rubbers dissolve in suitable
solvents and soften on heating, so that they can be
processed repeatedly. Inmany casesthermoplasticand
thermoset rubbers may be used interchangeably.
However, in demanding uses, such asintires, engine
mounts, and springs, thermoset elastomers are used
exclusively because of their better elasticity, resistance
to set, and durability®4. The reinforcement may be
platelets, particlesor fibersand are usually added to
improvemechanicd propertiessuch asgtiffness, srength
and toughnessof thematrix materid. (SatiricAcid) that
areoriented inthedirection of loading offer the most
efficient |oad transfer. Thisisbecausethe stresstransfer
zoneextendsonly over asmall part of the PbO-matrix
interface. Themost common advanced compositesare
polymer matrix composites. Elastomer consist of a
polymer thermoplastic or thermosetting reinforced by
filler (TiO,, A.S)9. These materia's can befashioned
into avariable shapes and sizes. They provide great
strength and stiffnessa ong with res stanceto corrosion.
Thereason for these being most commonistheir low
cost, high strength and smplemanufacturing principles.
Duetothelow density of the constituentsthe polymer
composites often show excellent specific propertied”.

EXPERIMENTAL

Materials

All materialsare used in thisresearch comefrom
Babylon Factory TireManufacturing, Irag. Thestructure
of materiasisasfollows
e Styrene-butadiene rubber (SBR). with styrene

content 23.5 %, Moony viscosity at 100°C = 50,
specific gravity 0.94 (gm/cm), ash content 1 %.
therearetwo typesof E-SBR inthe market. One
of themisthe hot rubber which isproduct at 150
°C, Whereby the molecular weight is high and
depolymerization Can occur at high temperature.
another typeof E-SBR, cold rubber isusing aredox
initiator tolower the polymerization temperatureto
5°C and the chain modifier is applied to control the
molecular weight®9

* Titanium Dioxide (TiO,) isfound in abundancein
nature asthemineraslimenite (FeTiO,), rulite(TiO,),
and sphere (CaSiTiO,) among other. the Theoretical
density of (TiO,) rangesfrom 3895 Kg/m?for anatase

Physical CHEMISTRY o

({CH: — CH —CH—{H;—CH; —LCH) n

Figurel: Thechemical formulaof SBR

to 4250 Kg/m?® for rutile. The molecular weight is
79.865, mdting point 1843°C, Four naturally occurring
titanium dioxide polymorphs exist : rutile,anatase,
brookite and titanium dioxide. Anataseand rutile are
tetragonal boorkite is orthormbic and titanium is
monoclinict*,

In all four polymorphs, titanium is coordinated
octahedral by oxygen, but the position of octahedral
differsbetween polymorphs. titanium dioxidehasa so
been product asengineered nonmaterial, whichmay be
equidimensional crystals or sheet and composed of
ather titanium dioxide—rutile or titanium dioxide — anats.

A tubular structure hasbeen product from scrolling
layersof titanium dioxide—anats

Whichresultinfiberswith on outer diametr of about
6 nmandinner of about 3nm. Non-scorlled nanofibers
have aso been produced from (TiO,) “anatse” and
(TiO,) with diameter of 20-100 nmand length of (10-
100 um)[lZ,lS]'

* SatiricAcid (A.s) semiconductor nanoparticles
were prepared by Chemical synthesis method The
molecular weight is223.2, melting point 888 °C Satiric
Acid (A.s) semiconductor nanoparticleswere prepared
by Chemical synthesis method. 60 ml of 1.0 M
(C2H30,)2.3 H,0((I1) acetate) agueous sol ution was
prepared using de-ionized water and heated up to 90
‘C. Thissolution was added to an agueous sol ution of
50 ml of 19M NaOH in abeaker and stirred vigoroudly.
Uponaddingthe(11) acetate, thesolutioninitialy became
cloudy, and then turned a peach colour, andfinally a
deep orangered. At thisposition, stirring was stopped,
and the precipitate was allowed to settle. The
supernatant wasthen decanted, filtered onaBuchner
funndl, washed with de-ionized water repeatedly, and
driedfor overnightinadryingovenat 90°C. The sample
wasthen removed and lightly crushed inamortar and
pestle. Itsstructural characterizationswere donefor
confirmation of |ead oxide nanoparticles’4,

e Antioxidant (6PPD) isamaterialsof composition
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[N-(1,3-dimethylbutyl)-N- phynel - P-
phenlenediaming] :specific gravity 1.0 (gm/cm?)i9,
e  Sulfur: Pdeydlow powder of sulfur dement, purity
99.0%, melting point 112°C. specific gravity 2.04-
2.06 (gm/cm)[zel,
e Zinc Oxide : fine powder, purity 99%, specific
gravity 5.6 (gm/cm?).
Theterm rubber (elastomer) is used to describe
vulcanized polymeric materials, whoseglasstrangition

Figure 2 : Vulcanization of rubber. (a); fragments of two
chainsof rubber. (b) Crosdinking of thechainsby sulfur. (c)
sketch of rubber chains with sulfur crosslinks. The
crosslinking inhibitsthe elastic defor mation of the chains
and hardenstherubber.
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temperature is sub-ambient and, amongst other
properties, has the ability to be extensively and on
release of dress, returntoitsorigina length Thecommon
characteristics of elastomers are their easticity™?,
flexibility, and toughness. Beyond these common
characteristics, each rubber has its own unique
properties, often requiring additives to achieve the
appropriate behaviorgs.

Rubber compounding ingredients can be
categorized as: vulcanizing or crosslinking agents,
processingads, fillers, antidegradants, plasticizersand
other specialty additives The production sequencein
therubber manufacturing industry can bedefined into
three stages: mixing (mastication and compounding),
forming, and curing. A general rubber formulationis
giveninTABLE 1.

Rubberswithout fillershavelimited end gpplications
because of the lack of strength. With addition of
particulatefillers, strength could beincreased by 10
times*®. The properties of fillerssuch assize, shape,
surfaceareaand surfaceactivity control theeffectiveness
of thereinforcement’??, Theinteractionsbetweenfillers
and rubbersarea so one of themost important factors
that affect thestrength of filled rubberg?.

This work aim to improve the properties of

TABLE 1: Ageneral rubber formulationt*¥

Parts per hundred partsof rubber

rubber (SBR) 100
TiO, 60
Satiric acid variable
Antioxidant 1
Zinc oxide 3
Accelerator 0.6
Sulfur 2

/\/K/\/\/\/\/\\\/\\/\/\/
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Figure3: Sructural featuresof an acceler ated sulfur vulcanizate of SBR Rubber (X=accelerator fragment.
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compositemateriasby adding thereinforcingfiller (TiO,)
at constant ratio 60 %, (Satiric acid) at different loading
leve inaddition (20,40,60,80,100), other materiaslike
(ZnO, Rubber SBR ....ctc) to Elastomer Styrene
Butadine rubber SBR and show the Effect of (PbO)
loading inpphr of SBR.

RESULTSAND DISCUSSION

Many testsiscarried onto definetheextent of The
addition effect of thedifferent of (PbO) ontheproperties
of (SBR) rubber,such of thistest are:

Tensile test

Thistestisdoing on accordingtoASTM D-471-
57T specification. Thetest result for tenslestrength are
showninFigure(4). in addition to Rubber Compound
Distinguishing that having (TiO,) at ratio (60% pphr)
that best compound because have best properties of
Tendle, Elagticity Modulusand Elongation, (Satiricacid)
adding to compound and fromefigurethat show smple
increasing from Tensilein smpleratio of (Satiric acid)
but crosslinkingincrease between (Satiric acid, TiO,)
and cross linking between (Setiric acid, TiO,) and
Rubber Chain, but after (80% pphr) from (Satiric acid)
notice tensile decrease When Rubber chain cannot
having Filler practice.

Modulusof elasticity

Thistestisdoing on accordingtoASTM D-471-
57T specification. Thetest result for tenslestrength are
showninFigure(5). in addition to Rubber Compound
Distinguishing that having (TiO,) at ratio (60% pphr)
that best compound because have best properties of
Tengle, Elagticity Modulusand Elongation, (Satiricacid)
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Figure4: Effect of (Satiricacid) onthe SBR Tensile
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Figure5: Effect of (Satiricacid) onthe SBR Elagticity

adding to compound and fromefigurethat show smple
increasing from Tensilein smpleratio of (Satiric acid)
but crosslinking increase between (Satiric acid, TiO,)
and cross linking between (Satiric acid, TiO,) and
Rubber Chain, but after (80% pphr) from (Satiric acid)
notice tensile decrease When Rubber chain can not
having Filler practice.

Elongation

Thetest result for Elongation areshownin Figure
(6) itisseen Elongation increasewith percent of (Satiric
acid) at second tow va ue and become decrease because
Physicd interaction between (Satiric acid) and Rubber
chan, Whenthegrainszeof filler res sance Elongation.

Hardness

Figure (7) shown the shore hardness is plotted
againg theloadinglevd of reinforcingfiller (Satiricacid)
for SBR respectively. From thisfigureit can be seen
that rubber hardnessshowssignificationincrement with
theincreeangloadingleve of renforcingof (Satiricacid).

Titaniumdioxidereinforcingfiller havefinegraen
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Figure6: Effect of (Satiricacid) onthe SBR Elongation
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Figure7: Effect of (Satiricacid) onthe SBR Hardness
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size, thismeanthat (Satiric acid) haslarger surfacearea,
whichin contact with rubber mostly by physica bond
compositewith strong bond madeit harder by impeding
thematrix motion dong thestressdirection

Resilience

Therdation between Resinonance and hardnessis
inversrelation, from Figure (8) show the Resilience
decrease when (Satiric acid) percent increase, because
the cross linking between rubber chain that absorb
energy and transford it to heat among the rubber chain.
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Figure9: Effect of (Satiricacid) on the SBR Compression

vaue of resinonance decrease when hardness or cross
linkingincrease
Compression

Thistestiscaeeied onaccordingtoASTM D-471-
57T specification. Thetest result for Compression are
showninFigure(9).

Becauseinteraction betweenfiller (Satiricacid) and
rubber (SBR) that |ead toincreasing of crosslinking at
3-dim. (Satiricacid) propertiessamegrainszethat mean
it havelargesurface areahe ped it to connected with all
chain polymer and resistance the load and pressure
instead of cova ent bond or hydrogen bond when keep
surfacewithout Buckling.
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Figure8: Effect of (Satiric acid) onthe SBR Resilience
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