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ABSTRACT

Nano silica was synthesized by a sol-gel technique and the size of the
particles was confirmed to be of 50-60nm using transmission electron mi-
croscopy (TEM). Nanocomposites of unsaturated polyester with silicawere
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prepared by using casting technique. Unsaturated polyesters containing
different proportionsof nano silica(1, 3, 5, 7 and 9 wt %) was prepared and
cured using methyl ethyl ketone peroxide (MEKP) and cobalt naphthenate
asinitiator and accelerator respectively. Themechanical properties(tensile
strength and modulus, flexural strength, hardness and impact strength)
and thermal properties were analyzed by using dynamic mechanical ana
lyzer (DMA) and thermo gravimetric analyzer (TGA). Mechanical and ther-
mal properties of nanocompositeswere found to beimprove with the addi-
tion of silica, but declineif the nano silicawas the excess of 5 wt%.
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INTRODUCTION

Nanocompositesareattracting increasing research
and market interest because of their potential of pro-
viding nove performance. Thetremendousinterfacial
areain polymer nanocomposite helpsto influencethe
composite propertiesto agreater extent even at rather
low filler loading®. Themechanica and thermal prop-
erties of polymer and composites structurecan beim-
proved through the use of variouskindsof fillers. Mi-
cronsizefillersusualy cause decreasein strength, im-
pact resi stance and processability!2®l. Nanocomposites
show superior physica and mechanica behavior over
conventiona micro composites®. Theinorganic nano
filler drasticaly improvethe physica, mechanical and

mi croscopic properties of polymers, even though their
quantity isless.

Nano sized compositemateria sare containing two
(or) moreméaterids, inwhichthemateridsarenano sized
(1-100 nm).Thanksto the specid structureof nano sized
materias, itispossibleto changetheoriginal physica
and chemica propertiesfor ahigher degreeof strength
and toughness®®l. Nano sized composite materid sare
prepared using methods such as hot pressmethod, sol-
gel process, molecular compostegeneration method and
ultrafine particledisperson method.

Unsaturated polyester isavalableasliquidresin. Itis
relatively chegp and widely used for structural applica:
tions. Exploringthe possibility of improving the proper-
tiesof isophthalic polyester by nano clay incorporation
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Figurel: TEM imageof nanosilica  Figure2: TEM imageof unsaturated  Figure3: TEM imageof unsatur ated

particles

will beuseful for both commercid andindustria aspects.

Inthisstudy, the nano silicaparticleswere synthe-
sized by an sol —gel technique. The size of the silica
particle and formation of nanocomposites have been
analyzed by transmission el ectron microscopy (TEM).
The nanocompositeswere prepared with nano silica
particleasthefiller in an unsaturated polyester resin
matrix and characterized for mechanical and thermal

properties.
EXPERIMENTAL

Materials

Thegenera purpose unsaturated polyester resin,
cobalt naphthenate (accel erator) and methyl ethyl ke-
toneperoxide (cata yst) were procured from GV SAgen-
cies, Madurai (Tamilnadu), India. Tetraethoxy
orthosilicateand dichloromethanewere obtained from
Merck chemicalsLtd., Mumbai, (India).

Synthesisof nano silica

Thenano silicawas synthesized by asol-gel tech-
nique Water (3mL) and dichloromethane (4mL) were
takeninathreenicked round bottom flask and mildly
heated for proper mixing. After proper mixing the
tetragthoxy orthosllicate (TEOS) (0.76mL) solutionwas
added and the mixture was stirred at room temperature
for 10 hours. The precipitatewasfilteredand driedina
vacuum oven. Thismaterial wasused for the prepara-
tion of the nanocomposites.

Prepar ation of nanocomposites

Unsaturated polyester resin composites containing
different proportionsof nano Silica(1, 3,5, 7 and 9wt
%) were prepared by the procedure given below. Un-
saturated polyester resin (400mL) wastakeninaclean
glassbeaker. Thentherequired quantity of nano silica
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polyester / nanosilica(5wt%)

polyester / nano silica(7 wt%)

was added. Theresultant mixturewasstirred usinga
mechanical stirrer for 1 h at 1000 rpm followed by
ultrasonication for 6 h. Exactly 1mL of 6 % cobalt
napthenate sol ution was added as an accelerator tothe
abovemix and blended thoroughly. Tothisthecatayt,
methyl ethyl ketone peroxide, 4mL was added and
stirred. From this, sheets of size 350 x 350 x 3mm?3
werecast usngaglassmold. Themateria wasa lowed
tocurefor 24 h at room temperature and post cured at
70°Cfor 3h.

CHARACTERIZATION

Transmission electron microscopy

Particlesizeof sllicaand slicainthe cured unsatur-
ated polyester-silicacompositeswere observed using
JEOL 1200 EX transmission electron microscopy
(TEM).

M echanical properties

Tenslletest specimenswere prepared according to
ASTM D 638 and the tests were performed at room
temperatureusing Instron 4301 Universal TestingMa-
chine(UTM) with crosshead speed of 5mmmin. Hex-
urd test specimenswere prepared accordingtoASTM
D 790. Test was performed at room temperatureusing
Instron 4301 Universa Testing Machine, athreepoint
loading system, support span length was adjusted to
60 mm and the cross head speed was2 mmmin'. 1zod
impact propertieswereeval uated using Frank Impact
Testing Machineasper ASTM D 256. Thehardness of
thenanocompositesweretested asper ASTM D 2240
and the hardnesswas reported inshore D scale.

Thermal properties
Thermogravimetricandysis(TGA) wascarried out
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Figure4: Tenslestrength of unsaturated polyester / Silica
nanocomposites
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Figure6: Flexural strength of unsatur ated polyester / Silica
nanocomposites

using Netzsch STA 409PC thermogravimetric andyzer.
Samples were ground to fine powder and placed in
aluminasample pan. All sampleswereheatedinnitro-
gen atmosphere at a heating rate of 10°C min from
ambient to 600°C. Dynamic mechanical analysiswas
performed using Netzsch DMA 242C in three point
bending mode at afrequency of 10 Hz and amplitude
of 120 pm over a temperature range of 20-180°C at a
heating rate of 2°C min'.

RESULTSAND DISCUSSION

Transmission electron microscopy

The TEM imageof syntheszedsilicaispresentedin
figure1. Thesizesof theparticlesarefound tobe59nm
andtheparticlesarenot showingany agglomeration. In
figures2 and 3, the TEM imagesof cured unsaturated
polyester resnmatrix containing 5 and 7 wt% of nano
dlicaare presented respectively. Fromfigure 3, itisobvi-
ousthat presenceof 7 wt% of nano silicain unsaturated
polyester resn matrix leadsto aggregates.
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Figure5: Tensile M odulusof unsaturated polyester /Silica
nanocomposites
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Figure7: Impact strength of unsaturated polyester / Silica
nanocomposites

M echanical properties

Thetenslepropertiesof unfilled cured unsaturated
polyester, nano slicabased compositesareinvestigated.
Itisevident that thetensile strength of unfilled cured
unsaturated polyester isfound to be 58 MPa, whichis
increased to 69 M Pawith the addition of nano silicato
thetuneof 5wt%. However, in compositescontaining
high silicacontent (> 5wt%o), theva ueof tenslestrength
decreased (Figure4).

Thetenslemodulusof theunfilled polyester isfound
tobe2.8 GPa Addition of nano slicashowssignificant
improvement inmodulus. A maximum vaueof 4.8 GPa
Isobserved at anano silicacontent of 5wt% and there
after itisdecreased (Figure5). Theincrementintensile
propertiesisdueto uniform dispersion of nano silica
into polymer matrix. Theintercaation of thenano par-
ticlewith polymer matrix increasesthe degree of cross
linking”. Higher loading of silicaintheresin matrix re-
sultsmoredifficult for dispersion, and easier for nano
sized particle agglomeration. Sincethe agglomerated
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Figure 8 : Hardness of unsaturated polyester / silica
nanocomposites
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Figure10: Lossfactor of nanocomposites

particlesmakesit possibleto generate defectson the
materia surface, stressconcentrationwill likely occur
withintheresin, or agglomerated particleswill generate
dippagewithinthematerialsdueto externa force, re-
sulting in adecreased tensile propertiesd.

Theflexura strength of nano compositesisshown
infigure6. Theflexura strength of thenano silicaloaded
cured unsaturated pol yester resn wasfoundtoincrease
withincreasein the content of nano silica(< 7 wt %).
Thebetter interfacial bonding may occur between silica
particlesand unsaturated polyester resin, such that the
improved surface property of particlesand unsaturated
polyester resin can help absorb someenergy for anin-
creased flexural properties of composites. Inthe case
of excessivesilicacontent (> 5wt %), itispossibleto
result inahigher occurrence of agglomeration under
thegravitationd interaction between slicaparticlesand
unsaturated polyester resin substrate. When the mate-
riasarebent, silicaparticlescannot lead to transfer for
an enhancement of unsaturated polyester resin, but
hinder the extrusion of unsaturated polyester resin’s
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Figure1l: Sorage modulusof nanocomposites

molecular chains. Thisleadsto stress concentration
withinthematerias, so that thebend fracture strength
of materiashasadecliningtrend®.

Theimpact strength of the unfilled cured polyester
sampleisfound to be 20 Jm™. Addition of nano silica
exhibitssignificantimprovementinimpact srength. The
maximumimprovement inimpact srengthwasobserved
for nanocompositesprepared using 3wt%of nanosilica
(Figure7). Therearetwo influential factors associated
withtheimpact strength of materias: (1) dispersibility
of unsaturated polyester resin against impact energy and
(2) absorption degree of inorganic rigid nanosi zed par-
ticlesagainstimpact strength®. Inthe case of agglom-
eration within silicaparticles, stress concentrationis
likely to occur. When theimpact energy isgpplied within
thematerials, the materials can neither uniformly dis-
persethe applied force, nor enablesilicaparticlesto
fully adsorbthe stresswithin thematerids, thusleading
to apossible damage*Y.

TheHardnessof the unfilled polyester sampleis
found to be 56. Addition of nano silicaexhibitssignifi-
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cantimprovement in Hardness. Hardnessincreaseswith
increaseinfiller amount (Figure 8)

Thermogravimetricanalysis

TheTG curveof nanosilicafilled unsaturated poly-
ester isshown infigure 9. The degradation tempera-
ture of nano silicafilled unsaturated polyester
nanocompositesincreaseswith theincreasein nano
silicacontent of 5wt%. The onset of thermal degra-
dation temperatureat 10 % weight lossincreaseswith
nano Silicacontent (<7 wt%) and it is304, 314, 347,
346 and 337°C for nano Silicacontent of 1, 3,5, 7
and 9 wt% respectively. The maximum decomposi-
tion temperatureof thematrix polyester resinincreased
from 267°C to 347°C in the nanocomposites prepared
using 5wt% of nano silica Theenhancement intherma
propertiesisprimarily dueto restriction of the nano
particleon thelong range chain mobility of the matrix
phase with in the nanocompsites*?-

Dynamic mechanical analyzer

Thetemperatureat which tan 6 curveshowsapesk
maximumistakenasthe T ] of thecomposite. Thefig-
ure 10 showsthat lossfactor (tan 8) Vstemperature
for unsaturated polyester / sillicananocomposites. The
compositeup to 5 wt% showed ashiftin T,to theright
side, it confirmsthat well dispersion of nano particle
restrict themotion of nanoparticlesegmentd chain, while
the reverse is seen in the case of 7 and 9 wt%
nanocomposites. Themaximumincreasein T ] of 124°C
isobserved for 5% nano silica., on further addition the
T, valuedecreasedto 123°C and 114°Cfor 7% and 9
wit% of nano silicarespectively. Onfurther increasein
slicacontent (>5wt %), T ] decreasedueto poor inter-
facial bondingand crosslinking™.

Figure 11 showstheeffect of nano silicaon storage
modulusof unsaturated polyester. Pureunsaturated poly-
ester show modulusof 6787 Mpa. Itincreasescontinu-
oudy up to 5wt% of nano silicain unsaturated polyester
matrix. Unsaturated polymer with 5wit%o of silicashows
maximum va uestoragemodulusof 10385 Mpa Onfur-
ther addition of nano silica, thestorage modul uscontinu-
ously decreases. For unsaturated polyester with 9wt%
dlica soragemodulusis8168 Mpa Thecompostewere
prepared with nanofiller and matrix filler interactionis
responsiblefor increasein storagemodul us.
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CONCLUSION

Nano silica-unsaturated pol yester compositeshave
been prepared using casting method. Transmission Elec-
tron Microscopy anayses confirmed thesizeof thenano
particleand formation of nanocomposites. A significant
improvement intenslestrength, tensilemodul us, flex-
ura strength, impact strength and hardnesswere noted.
Thethermd stability of unsaturated polyester matrix in-
creased withincorporation of nano Silica Theglasstran-
sition temperature of nanocomposites showed higher
value as compared to pristine polyester. Thus,
nanocomposites possess better properties than neat
polyester shests.
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