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ABSTRACT KEYWORDS
This work deals with synthetic modifications of unsaturated polyester Low styrene emission;
resin (UPR) in order to achieve better fire resistance and mechanical prop- Acrylic monomers;
erties, lower styrene emission, better styrene solubility and lower pro- Unsaturated polyester.
cessing viscosity. These new ecological unsaturated polyester resins will _ Reg n
be used for marine, automotive, electric and electronic, building construc- Fireresistance.

tion, sport and lei sure, domestic and sanitary appliances, furniture aswell
asmilitary applications. Two concepts were used for devel opment of these
new ecological unsaturated polyester resins; Introduction of acrylic mono-
mers viz; Methyl methacrylate (MMA), Butyl methacrylate (BMA) and
Acrylonitrile (AN) into the unsaturated polyester resinsto reduce styrene
emission and use of halogen free fire resistance fillers (Zinc borate and
antimony trioxide) in place of halogenated fillers. The main disadvantage
of halogenated fillersisthat afire could create toxic and possibly corro-
sive smoke. Liquid crystalline unsaturated polyester resins were possible
to synthesize and it was also possible to prepare solutions of unsaturated
polyestersin styrene. By modification with acrylic monomersitispossible
to prepareresinswith astyrene content aslow as 20 wt %. The mechanical
and fire resistance properties of the cured samples depending on the type
of acrylic monomer and amount and type of filler. Modification of unsatur-
ated polyesters in this way is a possibility to get unsaturated polyester
resins with low styrene emission, better fire resistance and mechanical
properties, lower shrinkage, reduced brittleness and increased flexibility.

© 2007 Trade Sciencelnc. - INDIA

INTRODUCTION process, first unsaturated and saturated acids or anhy-
dridesarereacted with diolsin apolycondensation re-

Unsaturated polyester resinsareoneof themost  action, secondly the resulting linear polyester
important matrix resinsfor commodity glassfiberrein-  prepolymer isdissolvedin styreneinto syrup-likeresin
forced composites?. They areobtainedinatwostep 3. Theresinisfindly processedintoarigidthermosetin
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afreeradical co-polymerisation between styreneand
the double bondsin the polyester chain.

In the composite the unsaturated polyester holds
thereinforcementin place, it transferstheexterna loads
tothereinforcement and protectsthere nforcement from
theenvironment. If individual fiber arefractured, the
matrix will redistribute theload to the surrounding fi-
bers, thus preventing the completefailureof themate-
rial. Thecomposite product will exhibit abroad range
of mechanical, chemica, thermal and physica proper-
ties, depending on the composition of the unsaturated
polyester®, Important product areas for unsaturated
polyesters are marine, automotive, electric and elec-
tronic, building, congtruction, sport andleisure, domestic
and sanitary appliances, furnitureaswell asmilitary
applicationg>19,

Theunsaturated polyester blended with styreneto
areactive resin solution. The styrene acts both asa
cross-linking agent and as aviscosity reducer so that
theresin can be processed. In conventional unsatur-
ated polyestersthe styrene content variesbetween 35
- 45wt %.

The styrenemonomer inthe unsaturated polyester
resinisan environmenta and occupationd hedth prob-
lem dueto evgporation and emiss ons, which occur dur-
ing the processing of theresin. In 1992 it was found
that about 75% of theworkersinthereinforced plastic
industry in Finland are exposed to styrene concentra-
tionsexceeding the current occupationd exposurelimit
of 20ppmi*Y, Much improvement of thework environ-
ment has been made by using proper ventilation sys-
temstogether with styreneabsorbing collection systems,
by improvement of thework practice and the house-
keeping, by using personal respiratory protection and
by usinglow styreneemissionresinsintheindustry.

During the end of the 1980’s the environmental
problems caused by styrene emission from the process-
ing of unsaturated polyesterswere debated alot inthe
society, especialy inthe Nordic countries. The pro-
ducersof unsaturated polyesters started therefore to
search actively for dternativesto styreneand started to
develop additivesinhibiting styrene emission. Today
much of the styrene debate has silenced, instead the
devel opment of unsaturated polyestersisfocused on
resnformulationsfor resntransfer mouldingand vacuum
infusion processing, on resnswith superior surface qua-
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ity, on halogen-freeflameretarded resinand onresins
with improved mechanical properties.

Thiswork dealswith the devel opment of low sty-
rene emission unsaturated polyester resinswith im-
proved fireres stanceand mechanica properties. These
studiesshowed clearly that the styrene emission cannot
beavoided aslong asthebasic chemical composition
iskept unchanged. Structural modificationsarethere-
fore needed.

Thefirebehaviour of compositescan aso beim-
proved by using ahalogenated resini* in place of a
traditiona resin. Themain disadvantage of thissolution
isthat afire could createtoxic and possibly corrosive
smoke™®, Recently, environmenta problemsreaingto
brominated flame retardants (BFRs) have becomea
matter of greater concern than ever before, because of
therecent markedincreasein leve sof polybrominated
diphenyl ethers(PBDESs) foundin human milk in Swe-
den and North America4,

Itisshowninthiswork that non-haogen flamere-
tardantsarevery effectiveand doesnot createany toxic
and corrosive smokein unsaturated polyester resins.
Their advantageslieintheir high effectiveness, which
enablesvery low concentrationsto be used, while at
the sametime meeting themost stringent requirements.

Theexperimental work inthisarticledea swithtwo
important topics. devel opment of low styreneemission
unsaturated polyester resin by introduction of acrylic
monomersandimprovement of fireperformanceby use
of halogen-freefillers. Theaim of the synthetic work
wastotailor the chemica structure of the unsaturated
polyester in order to achieve lower styrene emission
and improved mechanica propertiesand enhancefire
performance.

EXPERIMENTAL

Materials

Phthalic anhydride, Maleic anhydride, Propylene
glycol, Styrene, Methyl methacrylate(MMA), Butyl
methacrylate(BMA), Acrylonitrile(AN) Hydro-quinone
and p-Toluenesulfonic acid have been purchased from
S.D.Fine Chem.Ltd. Vadodra, Gujarat, India. Zinc
borate and antimony trioxidewere obtained from Chiti-
Chem Ltd. Vadodara, Gujarat, India
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SCHEME 1: Unsaturated polyester resin (UPR)

Synthesisof theunsaturated polyester

Unsaturated polyester resn(UPR)(SCHEME 1) was
prepared inthe present work by thetechniquereported
by B.Parkyn™. A mixtureof 1.25mol Propyleneglycol
(PG), 0.5moal Phthalic anhydride, 0.2% p-Toluene sul-
fonicacid (PTSA) and Xyleneasdidtillating solvent was
charged in athree-neck reaction kettle equipped with
dirrer, thermometer, nitrogen-gasintroducing tube, Dean
& Stark apparatus, and water condenser. Themixture
wasmechanically stirred and heated at 120°C under ni-
trogen gasstream, and estexification wascarried out while
removing weater formed by thereactionfromthereaction
system. When reaction mass becomesclear, it was al-
lowed to cool. When thetemperature was dropped to
80°C, 0.5mol Maeic anhydride (MA) wasadded and
continues heating at 150-200°C until an acid number of
20 werereached. The Xylenewascompletdy ditilled
out and reaction product wasalowed to cool. Whenthe
temperature was dropped to 160°C, 20mg of hydro-
quinonewasadded. When thetemperaturewas dropped
to below 100°C, an amount of styrenewasaddedto a
styrene content of 20%.

L ow styreneemission unsaturated polyester resin
(LSEUPR)

Unsaturated polyester res n(UPR) wasmodified by
replacing 15% styrene(TABLE 1) by acrylic monomers
viz. Methyl methacrylate(MMA), Butyl methacrylate
(BMA) andAcrylonitrile({AN) and resultant resinwas
named as|ow styrene emission unsaturated polyester
resn(LSEUPR).

M odification of unsaturated polyester resin was
carried out in three neck flask equipped with stirrer.
Firstly required quantity of styrenediluted unsaturated
polyester resin (20% styrene) was added and than 15%
of acrylic monomerswere added with constant tirring
at room temperature. The resultant modified unsatur-
ated polyester resin was named aslow styreneemis-

TABLE 1: Composition for low styreneemission unsatur-
ated polyester resin (L SEUPR)

Low styrene emission Styrene(20% ) diluted Acrylic
unsaturated polyester unsatur ated polyester monomer

resin code resin (15%)

LSEUPR-1 UPR MMA

LSEUPR-2 UPR BMA

LSEUPR-3 UPR AN

TABLE 2: Compostionsof FRC
Styrene . Fillersin wt
Compo Giluted RSN Reinfo- % Catd
~ unsaturated SOPO rcement ™ o & %St
site olvester sitionin inwt% Sb.0 Zinc inwt%

code P r)e;in Wt % 2-3 porate
FRC-1 LSEUPR-1 100 100 - 2
FRC-2 LSEUPR-1 100 70 30 - 2
FRC-3 LSEUPR-1 100 70 20 10 2
FRC-4 LSEUPR-1 100 70 10 20 2
FRC-5 LSEUPR-1 100 70 - 30 2
FRC-6 LSEUPR-2 100 100 - - 2
FRC-7 LSEUPR-2 100 70 30 - 2
FRC-8 LSEUPR-2 100 70 20 10 2
FRC-9 LSEUPR-2 100 70 10 20 2
FRC-10 LSEUPR-2 100 70 - 30 2
FRC-11 LSEUPR-3 100 100 - - 2
FRC-12 LSEUPR-3 100 70 30 - 2
FRC-13 LSEUPR-3 100 70 20 10 2
FRC-14 LSEUPR-3 100 70 10 20 2
FRC-15 LSEUPR-3 100 70 - 30 2

FRC=Fire resistance composites of L SEUPR

sion unsaturated polyester resin (LSEUPR).

Fireresistanceformulations

In present study low styrene emission unsaturated
polyester resinswere used with antimony trioxideand
zinc borate(TABLE 2). Several combinations were
tested to determine effects of additivesinthe polymer
formulations. Freres sanceformul ationswere prepared
by adding these additivesin different anounts (10 to
30wt%) inlow styreneemission unsaturated polyester
resin.

Additivesindifferent amount weremixed with low
styrene emission unsaturated polyester resininaround
bottom flask equipped with high speed agitator by
meansaf agitation. Theresultant formul ationswerecom-
pounded with glassfiber asreinforcing materialsand
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benzoyl peroxide as curing catalyst for composite
preparation.

Compositeswere prepared by hand lay-up tech-
nique using about 50 weight percent of glassfiber and
filler. After application of resin on glassfiber, thecom-
positeswere cured by compress on moul ding technique
at 100 ps pressureand 120°C temperaturefor 30min-
utes. 1% Benzoyl peroxide(BPO) wasused asan ini-
tiator.

Thecomposites obtained from fireresistancefor-
mul ationswere characterized by Limiting oxygenindex
accordingtoASTM D-28631%¢,

Fireresistance propertiesof composites

Many proceduresexist to eval uatefire behaviour
of the composite materia §129. Thekey fireresistance
propertiesof interest for plasticsto beusedinfirere-
Sstance gpplicationsareease of ignition, flame spread,
ease of extinction, smoke obscuration, smoketoxicity,
heat release rate and limiting oxygen index. In the
present study limiting oxygenindex (ASTM D-2863)
was determined to characterize the composites.

Limiting oxygen index (LOI)ASTM D-2863

Fennimoreand Martin devel oped thismethod. This
isvery simple and advantageous method for assessing
fireresistance of polymers. LOI isdefined asmeasure
of minimum amount of oxygen in an environment
(O,+N,) necessary toinitiate and support the burning
(flame) under specified conditions.

Inthistest amixtureof O, and N, wasburned. The
flow of the gaseswas adjusted in such away that mini-
mum amount of oxygen was required for combustion.
Any further decreaseinthe oxygen amount extinguished
theburning materid. Thecritica amount of oxygenwas
measured. LOI isexpressed in percentageas.
LOI=[0,]/[O,]+[N,]x100

Theresultsof theLimiting Oxygen Index of dl com-
posites under study has been obtained and reportedin
TABLE3

M echanical propertiesof composites

Mechanical propertiesmeasuredinthisstudy in-
cludelzod impact, Rockwell Hardness and Flexural
strength. A study of 1zod impact strength was carried
out intermsof resistanceto breakage under high ve-
locity impact conditions, accordingtoASTM D-25621,

TABLE 3: Fireresstancepropertiesof FRC

Compositecode  Limiting oxygen index (LOI) in %
FRC-1 21
FRC-2 25
FRC-3 28
FRC-4 30
FRC-5 32
FRC-6 22
FRC-7 26
FRC-8 29
FRC-9 31
FRC-10 34
FRC-11 21
FRC-12 25
FRC-13 27
FRC-14 29
FRC-15 31
TABLE 4: Mechanical propertiesof FRC
Compositel zod impact in Flexural Hardness
code Jicm strengthinMPa (M scale)
FRC-1 5.09 238.85 59
FRC-2 4,15 230.85 57
FRC-3 7.25 242.00 61
FRC-4 10.10 246.15 63
FRC-5 11.80 247.90 66
FRC-6 4.90 240.00 58
FRC-7 4.00 231.85 56
FRC-8 7.15 242.25 60
FRC-9 10.00 246.55 62
FRC-10 11.55 248.10 65
FRC-11 5.65 235.90 60
FRC-12 4.85 228.15 58
FRC-13 7.65 240.00 63
FRC-14 10.20 244.35 66
FRC-15 11.85 246.15 68

Zwick model no. 8900 impact machinewas used for
present study. Rockwel | hardness study wascarried out
at room temperature according to standard method of
testingASTM D-785?2, In the present study rockwell
hardness Tester Moddl RAS/Saroj Engg. Udyog, Pvt.
Jaysingpur wasused. A sudy of Flexurd propertieswas
carried out intermsof stress-strain relationship accord-
ing to standard method of testingASTM D-79013. A
Dutron’s Tensle Tester, Model - 130 was used in present
study.

TABLE 4 representsizodimpeact strength, Rockwel l
hardnessand flexura strength. M echanical properties
of laminatesimproveremarkably with introduction of
acrylicmonomersandfillers. Increasein strength with
increaseinfiller content isdueto thereinforcement ac-
tion provided by thefiller particlesto the polymer ma-
trix. Laminatesprepared usng LSEUPR andfillersgive
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better mechanica performancethantraditiond unfilled
laminatesand a so thereisincreasein mechanicd prop-
ertieswithincreasein amount of filler.

Also acrylic modification by using variousacrylic
monomersviz; methyl methacrylate, butyl methacrylate
and acrylonitrile of unsaturated polyester resnsgreatly
influencesmechanica propertiesand a so reduced sty-
rene emission. Butyl methacrylatemodified LSEUPR
givesbetter flexural strength than methyl methacrylate
andAcrylonitrilemodified LSEUPR. Methyl methacry-
latemodified LSEUPR giveshetter flexurd strengththan
acrylonitrilemodified LSEUPR but lower than butyl
methacrylate modified unsaturated polyester resin. Acry-
lonitrilemodified LSEUPR shows better 1zod impact
strength and Rockwe | hardnessthan methyl methacry-
late and butyl methacrylatemodified LSEUPR.

Characterization of unsaturated polyester resin
Spectral analysisof unsaturated polyester resin

An IR spectrum of unsaturated polyester resinis
showninfigure2. A Nicolet Impact 400D FT-IR Spec-
trophotometer was employed for the measurements.
The spectrum wasrun by applying resin sampleon KBr
cdl coveringtherangeof frequenciesfrom 4000-400cm
1. A strong absorption band at 755.97cm™ and aweak
band at 1004.48cm'* can be arributed to—C-H bend-
ingarisingfrom 1 and 3 positionin benzeneringand—
C=CH bending arising from isomerization of maleic
anhydrideto fumarate during polymerization. A broad
spectrum absorption bend at 1145.52cmr confirmsthe
presence of —C-O-C- of ester linkage. A strong ab-
sorption peak appearing at 1306.72cm*wasassigned
to —C=C- group of polyester. A medium absorption
band at 1461.19cm* can be attributed to—C-H bend-
ing. The presence of —-C=0 and symmetric—CH dtretch-
ing was confirmed by the presence of strong bend at
1736.57cm*and 2985.82cm respectively.

Gel permeation chromatography (GPC) of poly-
ester resin

Gel permeation chromatography of unsaturated
polyester resinisshowninfigure 3. Gel permeation
chromatography of polyester resnwasdoneby using
Perkin Elmer 200 GPC instrument. PL GEL mixed B
typeof column, Tetrahydrofuran as solvent and refrac-
tiveindex detector wasused inthisanaysis. Volumeof

—=== Fy/| Paper

Figurel: Limiting oxygen index appar atus

Figure2: Infrared spectraof unsaturated polyester resin
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Figure3: Gd permeation chromatography (GPC) of poly-
ester resin

sampleinjected was20ul/min. with retention time9.309
minutes. Thenumber average(M ) of polyester resin
sample is 1554, weight average(M ) is 3576 and
polydispersity(M /M ) is2.301.
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RESULT AND DISCUSSION

Inthiswork, fire behaviour of unsaturated polyes-
ter resin wascarried out. Limiting oxygen index was
evaluated for all the compositesfilled with different
weight percentageof fillers. TABLE 3 represents|imit-
ing oxygenindex of filled and unfilled composites.

Inthepresent study valuesof limiting oxygenindex
of filled compositesareintherangeof 25-34. Materia
isnormally considered asflameresistanceif LOIl is
greater than 2612421, Thustheresults of present study
arein good agreement with thereported values. The
results clearly indicate that the composites of present
study canbeusedindl fireres stance applications.

Composites prepared usingfillersgive better fire
resistancethan unfilled compositesand dsothereisin-
creaseinfireresstancewithincreaseinamount of filler.
Thefirebehaviour of polymeric matricescan beim-
proved by adding minerd fillerssuch asantimony triox-
ideand fly ash. Testsshow that thefireresultsaregood
with adecreasein heat and smoke production during
combustion and a so decomposition does not rel ease
additiond toxic gases.

Mechanica propertiesof compositesimprovere-
markably withincreasein thefiller content exceptin
antimony trioxide. Increasein mechanica propertieswith
increaseinfiller content isdueto thereinforcement ac-
tion provided by thefiller particlesto the polymer ma-
trix.

Composites prepared using fillersantimony triox-
ideand zinc borate gives better performance than un-
filled compositesand d so thereisincreasein mechani-
ca propertieswith increaseinamount of fillers. Anti-
mony trioxidegives poor results compared to zinc bo-
rate and al so mechanical performance decreaseswith
increasein amount asantimony trioxideispoor in me-
chanicd performance.

Theresultsrevea ed that concentration and type of
filler remarkably influencesthe mechanical andfire
behaviour of composites. Also cost effectivefireress-
tance composites can beformulated with competitive
performance by using chegper and widely availablefill-
ers. Also hal ogen free compositeswith good mechani-
ca performancewere prepared by acrylic modification
withvariousacrylic monomers. Thecompositescan be
used for facade elements, domelight crowns, in the
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transportation sector, intheelectrical industry, e.g. for
cabledistribution cupboards, for boats and shipbuild-
ing, tanks, tubes, vessels and otherselectrical, elec-
tronic and electro technical applicationslike circuit
breakers, switch board cabinets, automotivedistribu-
tor caps, printed circuit board etc.

Alsoacrylicmodificationgreetly influencesmechani-
ca propertiesand aso reduced styreneemission. Butyl
methacrylate modified L SEUPR gives better flexural
strength than methyl methacrylate and Acrylonitrile
modified LSEUPR. Methyl methacrylate modified
LSEUPR gives better flexural strength than acryloni-
trilemodified LSEUPR but lower than butyl methacry-
late modified unsaturated polyester resin. Acrylonitrile
modified LSEUPR showsbetter [zod impact strength
and Rockwel | hardnessthan methyl methacrylateand
butyl methacrylate modified LSEUPR.

CONCLUSION

Thestudy reveal sthat acrylic modification of un-
saturated polyester resin by partialy replacing styrene
monomer drastically reduces styrene emission and
greatly influencesmechanica properties.
Acrylicmodification by using variousacrylicmonomers
viz; methyl methacrylate, butyl methacrylate and acry-
lonitrileof unsaturated polyester resinsgreetly influences
mechanical propertiesand aso reduced styreneemis-
son.

Mechanicd propertiesof filled compostesimprove
remarkably withincreasein thefiller content. Compos-
ites prepared using fillersantimony trioxideand zinc
borate givesbetter performance than unfilled compos-
itesand dsothereisincreasein mechanical properties
withincreaseinamount of fillers Antimony trioxidegives
poor resultscompared to zinc borateand al so mechani-
cal performancedecreaseswith increasein amount as
antimony trioxide has poor binding property. So, cost
effective composites can be prepared by using both
thesefillers.

Composites prepared usingfillersgive better fire
resistancethan unfilled compositesand dsothereisin-
creaseinfireres stancewithincreaseinamount of filler.
Methyl methacrylate, butyl methacrylate and acryloni-
trileshow dmost sameresultsinfireresistancy but there
issgnificant differencein mechanica performance.
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Zinc borate gives good results as compared anti-
mony trioxide. Testsshow that thefireresultsaregood
with adecreasein heat and smoke production during
combustion and a so decomposition does not rel ease
additiona toxic gases.
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