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ABSTRACT

In this study TiO,-poly (methyl methacrylate-co-butyl acrylate) core shell nanoparticles were synthesized using
microemul sion polymerization technique. Prepared nanoparticleswere utilized asatoughening agent in Poly (vinyl
chloride) inorder to improve itsimpact properties. 5% loading of Impact modifier gave the 41% improvement in
tensile strength and 33 % improvement in modulus. Impact strength also increased constantly, result shows no
break even at 1 % loading. Core-shell nanoparticleswere found to have very good toughening effect on PV C, due
to better interaction happening between acrylate and PV C polymeric chains.
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INTRODUCTION

Fillershaveimportant rolesin modifying the prop-
ertiesof variouspolymersand lowering thecost of their
composites. Theeffect of fillerson propertiesof com-
posites depends on their level of loading, shape and
particles ze, aggregate s ze, surface characteristicsand
degree of dispersiontl. Recently, polymer-matrix
nanocomposite have attracted considerabl e attention
owingtotheir uniquemechanical, optical, eectricand
magnetic properties; and strong interactionswith the
matrix resulting from the nanoscale microstructureand
extremely largeinterfacial areabetweenfiller and ma:
trixi29., [tiswell known that the mechanica properties
of compositesare strongly related to thefiller aspect
ratio. Thus, layered silicate, likemontmorillonite, has
been extensvey studiedinrecent yearsduetoitsfairly
large aspect ratio™. The polymer/intercalated or ex-
foliated montmorillonite nanocomposites possesshigh
strength, superior modulus, good heat distortion tem-

perature and superior barrier properties, but their low
fracturetoughnesshasgreetly limited their goplications.
Thechallengeistofind novel methodstoincreasethe
fracturetoughness?. In contrast, nano-sized particles,
such assilicaand calcium carbonate, filled-polymer
compositeswill possesssignificantimprovementsinboth
rigidity and toughnessif the ultra-finephasedimensions
of the nanoparti clesare maintained after compounding
with agiven polymer matrix!’®21, The homogeneous
dispersion of nanoparticlesin polymer matrix isvery
difficult because they have astrong tendency to ag-
glomerate. The sol-gel process providesamethod of
preparation of inorganic metal oxidesunder mild con-
ditions starting from organic metal akoxides?- and
alowsdtructurd variation without compositiond ater-
ation. But theformation of across-linked network of
organic meta oxidesmakesit difficult to process, which
isadisadvantagethat circumscribesthe application of
this method!*?. Some efforts have been focused to
modify the surface of nanoparticlesto prepare homo-
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geneoudly dispersed nanocomposites.

Hergeth and co-workerg?% firgt applied an emul -
sion polymerization processto encapsul ateinorganic
particlesby apolymer layer, so-called core-shell par-
ticles, wherethein-stu polymerization of themonomer
occurred mainly at the surface of unmodified particles
dueto the adsorption of monomer onthe surface, fol-
lowed by polymerizationin the adsorbed layer.

The polymer of the selected monomer isthermo-
dynamically misciblewith the composite matrix; the
polymer shell on the particlesincreasestheinterfacial
adhes on of theseinorganic particleswith, and dso pro-
motes particledispersionin, the composite matrix#.
The preparation of core-shell structureshasbecomea
fast-growingtopicincolloid and materia s science®.
Particleswith core-shell structures havediverse appli-
cationsin coatings, impact modification, bio-separa-
tion, drug delivery systems, etc®-34, A well established
meansto improvethetoughnessof brittlepolymer isto
incorporate adispersed rubber phasein order toim-
provetheimpact strength®29, Core-shell modifierscan
toughen polymer matrix moreeffectivdy and arewidely
used in PC, PMMA, PVC, and SANE™, Modern
polymerization method haveled to the possibility of
preparing core-shell modifierswith arangeof different
particle size and desired morphol ogies. Many of the
emulsion polymerization process parameterslike hy-
drophobicity of monomer, the addition sequence of
monomer, theinitiator type have aninfluence on the
particlemorphol ogies“-#1. Methyl methacrylate- buta-
dienestyrene (MBS) graft copolymer isknown asone
of themogt efficient impact modifiersfor polyvinyl chlo-
ride (PVC) andit isadded in amount of up to 20944
%I, Thismaterial hasfavorable propertiesfor studying
rubber toughening, sinceit providesopticd verification
of rubber particlecavitations. in spite of thevery wide
goplicability of MBS, dataregarding theshd | thickness
inthecoreshd | impact modifier onthetoughening effi-
ciency of PVC aremissing. Thereasonfor that isprob-
ably themoredifficult preparation of 1aboratory samples
and MBS®Y,

Thecore-shell impact modifier hasasignificant ef-
fect onitsblend with PV C or other polymers, whichis
the dueto thefact that the shell thickness of the core
shell modifier influencessignificantly theinterfacid in-
teraction and interfacial layer thickness between the
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modifier and PV C and other polymer™®. The modifi-
cation of hard poly (vinyl chloride) (PV C) by adding
another polymer isawell-known method currently in
practice. Thenumber of polymersand copolymersap-
plied asPVC modifiersisquitelarge. Acrylic polymers
can beused asPVC modifiers. Theacrylic modifiers’
comprise homo- and co-polymersof various esters of
acrylicand methacrylic acids, graft copolymersof me-
thyl methacrylate, styreneand vinyl chlorideonacrylic
elastomerg®*. These modifiersmay bedividedinto
two categories. Thefirg oneisanimpact modifier which
isadded to PV C to improve mechanical properties,
particularly toughness. Theother groupisthe process-
ing aid, whichisused to reduce melt viscosity and to
provide process ng conditionfor milling, clendaringand
extruson blow moulding.

The present work deal swith synthesisand charac-
terizationof TiO,/ (MMA: BA) core-shell nanoparticles
by microemuls on polymerization, anditsuseasimpact
modifier for polyvinyl chloride (PVC).

MATERIALSAND METHOD

Methyl methacrylate (purity 99%), butyl acrylate
(purity 99%), n-pentanol, ammonium persul phate, so-
dium lauryl sulphate, toluene and liquor ammonia(30
%conc.) wereal procured from S.D Fine Chem. Pvt.
Ltd., Mumbai, India. Titanium dioxidewas obtained
from Kerr McGee Pigments Pvt. Ltd, Austraia(rutile
grade). Distilled water wasused for thereaction. Poly-
vinyl chloride (K57) was procured from Reliance In-
dustriesPvt. Ltd., Mumbai, India; wheress, |ead based
one pack stabilizer wasobtained fromALA Chemica
Pvt. Ltd., Mumbai, India

Surfacetreatment of titanium dioxide (TiO,) pow-
der

The coupling agent aminopropyltriethoxy silane
(APS) wasmixed in 500 ml of toluene. Titanium diox-
ide particles(silane coupling agent: TiO,: 1:3 weight
ratio) was added in to the above mixturewith continu-
ousstirring a 500 rpm for 10 minutes. Mixturewas
then subjected to sonication viaan ultrasound horn
(ACE, 22 kHz) for 1 hour with 5 second pulseand 2
second rel axation at 40 % amplitude. Thenthe mixture
was subjected to mechanical stirring at 1800 rpm for
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15 hrs. Findly the surfacetreated titanium dioxide par-
ticleswerefiltered and washed. Resultingmodified nano
particlesweredried a 110 °C for 24 hours in a vacuum
oven.

Monomer destabilization

The monomer methyl methacrylate (MMA) and
butyl acrylate(BA) contain hydrogquinone, whichisan
inhibitor. Hydroquinoneis used to stabilizethe mono-
mer because they react at room temperature. There-
fore, toremovetheinhibitor before polymerizationthe
monomerswerewashed twicewith 10 % NaOH solu-
tion and digtilled water using aseparating funnel.

Preparation of (MM A-co-BA) pre-emulsion

The pre-emulsion was prepared in a250 ml bea-
ker in presence of water, surfactant (sodium lauryl sul-
phate, SLS), co-surfactant (n-pentanol) and monomer
(MMA & BA) lisgedin TABLE 1. Weighed quantity of
water was charged in 500 ml beaker and surfactant
was added gradually under high speed stirring (1000
rpm). Thereafter, the co-surfactant was added. Then
thetotal quantitiesof destabilized monomer (methyl
methacrylate and butyl acrylate) were added dropwise
at 1000 rpm. After complete addition of destabilized
monomer the mixturewaskept for 1.5 hoursat 1800
rpmto get astableemulsion.

Preparation of TiO, coreand poly (MMA-CO-BA)
shel by microemulsion

The synthesisof core-shell nano particleswascar-
ried out by microemulsion polymerizationinfour necked
glassreactor equipped with firrer, thermometer, nitro-
geninlet and acondenser fitted with CaCl,, drying tube.
Abovereactor was charged with distilled water, core
(titaniumdioxide), surfactant (sodium lauryl sulphate),
co-surfactant (n-pentanal), initiator (ammonium per sul-
phate), were added in sequence. Thenlig. ammonia
was added to maintain thepH (7 to 8), tothisaddition
of 15wt. % pre-emulsion wascommenced toinitiate
seed polymerization. Then after the completion of ad-
dition, the solution was heated to 75°C to decompose
theinitiator. Then hesting wascontinuedtill adight blue
tint was observed in the reactions mixturewhichindi-
catesformeation point of oligomeric speciesin solution.
Theremaining pre-emulsion wasthen added drop wise
over aperiod of four hours. After the compl ete addi-
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tion of pre-emulsion, solution was further heated to
80°C and kept as such for one hour at this point 99%
conversion of reactants were obtained. The extent of
reaction wascomputed by determining thenon-volatile
matter content of the emulsion Ethanol wasused asde-
emulsfier for thispurpose.

TABLE 1: Recipefor synthesisof core-shell nanoparticles

Reactant Quantity
MMA 45 ml
BA 12ml
SLS 3.2gm
N-Pentanal Igm
APS 0.6gm
TiOo2 1.67gm
Distilled water 90 mi

Aboveformulationisbased ontheoretical Tg, be-
cause applicationismainly based on Tg of final prod-
uct. If Tgisbelow that of room temperaturethen the
formation of filmof final demulsified emulsionispos-
sble, however if Tgisabovetheroomtemperaturethen
itisuseful information of powder of fina demulsified
emulsion. Theoretical Tg of thecopolymer issupposed
to be42°C.

Thetheoretical Tgcalculated by FOX equation

UTg(copolymer)=M1UTg+M2/Tg+...
M ethod of preparation of PVC nanocomposite

Mixer physicaly mixed al ingredients (core-shell
nanoparticles, |ead based stabilizers) and PV C, inorder
to prepareahomogeneous mix. After physically mix-
ing, dl ingredientswere compoundedin atwao-roll mill
at 160°C. After compounding, the mixed materials were
compression moulded intheform of asheet at 170°C.
Compressed sheet was cut as per ASTM standards
for mechanica testing.

CHARACTERIZATION

X-ray diffraction (XRD) analysis

XRD patternsweretaken to anaysetheTiO, and
poly (MMA-co-BA) core-shell systems % crystallin-
ity onaRigaku mini-flex X-ray diffractometer. Scans
were taken in the range from 10° to 60° at a scan
speed of 3°/min.
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TABLE 2: Recipefor PVC nanocomposite
Di-butyl Lead DibasicLead

Moater VG PhophaeSuphae o IR,
0% 100 30 25 2
1% 100 30 25 2
3% 100 30 25 2
5% 100 30 25 2

Differential scanning calorimeter (DSC) analysis

DSC of core-shell nanoparticleswascarried out to
andyzeitsglasstrangtiontemperature, meting tempera-
tureand crystallization temperaturewith aTA Instru-
ments DSC Q 100. Sampleswere heated from 0°C to
250°C at a heating rate of 10°C/min.

Fourier transformsinfra-red spectroscopy (FT-IR)
analysis

FT-IR analysiswasused to carry out thefunctional
group andysisof MMA, BA and treated

TiO,. Thetest was carried out on a PerkinElmer,
Spectrum GX equipment. Sampleswere scanned from
400 to 4000 cm'™.
Particlesizeanalysis

Particlesizeof emulson (core-shell) wasestimated
by Beakman Coulter N-4 plussubmicron particlesize
andyse.

Mechanical properties
Tensleproperties(tendlestrength, tenslemodulus
and e ongation at break) was measured at ambient con-

80

ditionusing aUniversal Testing Machine (LR-50K,
LloydsInstrument, UK) accordingtoASTM D638, at
a crosshead speed of 5 mm/min. Charpy Impact
Strength was determined at ambient condition accord-
ing to ASTM D256, using Impact Tester (Avery
Denison, UK) employinga2.7 Jstriker having striking
velocity of 3.46 my/s.

RESULT AND DISCUSSION

X-Ray diffraction analysis

XRD pattern hd psknow the percentage crystallin-
ity of the prepared TiO, core-shell nanoparticles. The
XRD patternof TiO,/ poly (MMA-co-BA) core shell
nanoparticlesisshowninFgure 1. Theestimated vaue
of percentage crystalinity is33.21%. Therutile phase
titanium dioxide showed an intense peak at 2¢ =28°
which can be seen fromthe XRD patternin Figure 1.
Thereisadecreasein crystallinity inspite of the pres-
ence of TiO2, becausethe shell material aspoly (me-
thyl methacrylate) and poly (butyl acrylate) are amor-
phousin naure,

Thetitanium dioxidea one has percentage crysta -
linity of 45.86 % as seen from literature. Owingtothe
coating of shell onitssurfacethe percentagecrystdlin-
ity decreased up to 33.21%.

Differential scanningcalorimetricanalysis

Differentia scanning caorimeter (DSC) isgener-
aly used for the determination of glasstransitiontem-
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Figurel: XRD pattern of core-shell nanoparticles
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Figure3: FT-IR spectra of core-shell nanoparticles.

perature (Tg), melting temperature (Tm), and crystdli-
zation temperature (Tc). From DSC we concludethat
thetheoretica Tgisequd to practica Tg, making ussure
that 100% convers on of reactantsto product hastaken
placethrough thereaction. FromtheFigure2 it shows
that the practical Tgisequa totheoretical Tg.

Fourier transformsinfra-red spectroscopy (FT-IR)
analysis

FT-IR spectra of the core shell nanoparticlesis
shown in Figure 3 which corresponds to the
aminopropyltriethoxy silanetreated TiO, withapoly
(MMA-co-BA) shdll.

Thevibration absorption at low frequency such as
751.4 cm* and 842.2 cm* showsthe existence of Ti-
O-Ti backbone. The peak around 3400 cm? and
3600cm? isthe characteritic pesk for surfacehydroxyl
on TiO,. The absorption band in 1149.6 and 1243.6
cmr* occursinthespectrum of silicacoated TiO, which
isdueto the presence of aminopropyltriethoxy silane.
Thestretching at 1646.6 and 1731 cm* showsthepres-
enceof C=0inMMA and BA backbone, and diphatic
functiona group suchasCH,,, thestretching at 2951.2
and 2996.7 c! showsthe presence of themethyl group
CH,, also the absorption peaksat 1149.6, 1193.9 and
1243.6 cmrt shows the C-O bond which present in
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Figure4: Particlesize of core-shell nanoparticle.

backbone of MMA/BA. The peaks at 2951.2 and
2996.7 cm are characteristicsfor PMMA/BA. The
stretching at 3483 cm™ ischaracteristic peak of NH,
whichispresentin aminopropyltriethoxy sllane.

Particlesizeanalysis

Particle size and polydispersity index of the pre-
pared core-shell is75.21 nm and.0132 respectively.
From Figure 3, itisconfirmed that the particlein nano
szed dueto the microemulsion polymerization.

M echanical property

Themechanica propertiesof nanocompositesde-
pendson many factors, including the aspect ratio of the
filler, thedegreeof digpersonof thefillerinmatrix resin
andtheadheson at thefiller matrix interface and extent
of exfoliation. TABLE 1 showstheloading of synthe-
sizedimpact modifier wereadded at diff ratio from 0%,
1%, 3%, and 5 %.

From TABLE 3 it can be seen that with the in-
creaseinloading of the synthesi sed impact modifier
modulus of PV C nanocomposite also increased (in-
creased up to 33.04 %) because the synthesised im-

TABLE 3: Mechanical propertiesof PVC nano composites

% loading Young Tensile % Elonaation I mpact
of thecore-shell Modulus Strength 0 at Br%ak Strength
nanoparticle (MPa) (MPa) (J/Im)

0 1502.2 41.25 12.24 11.2

1 17195 47.77 17.25 No Break
3 19634 57.6 21.25 No Break
5 1998.4 58.20 22.05 No Break

flano Soienoe and flano Teohnology

pact modifier hasthe core—shell geometry and the shell
ismadeup of copolymer of methyl methacrylate and
butyl acrylate, whicharecompatiblewith polyvinyl chlo-
ride. Soitincreased theinteraction between each other
improving theinterfacia adhes on between polyvinyl
chloride and copolymer of methyl methacrylate and
butyl acrylate.

Tensledrength asoincreased withincreaseinim-
pact modifier concentration and it increased up to
41.09%. Impact modifier containsbutyl acrylateand it
isamorphous materid and it showstherubber like na
ture after polymerization a so the butyl acrylate having
Tg-45which aso showstherubber likenature. PMMA
having the good compability with PV C dueto specific
interaction of ahydrogen bonding type between car-
bonyl group (C=0) of PMMA and hydrogen from
(CHCI) group of PVC.

Impact strength of PV C nano compositeincreased
withincreaseinimpact modifier content from. TABLE
3 showsthewithout (0%) impact modifier thesamples
brokeat 11.2 Ym; however astheimpact modifier con-
centration increased thereisno break even at 1 %1 oad-
ing of impact modifier, duetothecoremateria content
inorganic maerid andtheinorganic partidesact asstress
concentration pointsand retard crack propagation to
becomedestructive. When particle volumefractionin-
creases, the distance between particles superimposes
each other, which isimportant for local plastic defor-
mation withinthe composite and the absorption of im-
pact energy.

e Tntian fnal, e —



NSNTAIJ, 7(5) 2013

Shashank T.Mhaske et al.

195

CONCLUSION

TiO2/ poly (MMA-co-BA) nanoparticlewith core-
shell structurewas synthesi zed by microemul sion poly-
merization. Synthes zed impact modifier hassignificant
effect on Tenglestrength andimpact strength. 5%l oad-
ing of Impact modifier gavethe41% improvementin
tensile strength and 33 % improvement in modul us.
Impact strength dsoincreased constantly, result shows
no break even at 1 % loading.
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