CHAPTER |
INTRODUCTION

1.1 Unsaturated Polyester Resin (UPR)

An usauaed payester resin usually cotans a polyrerizable vinyl
nmonomer ad unsaiurated palyester, which is prepared from aglycol and dibesic aods
The linear dhain unsaturated polyester is dissalved in vinyl mononrer, usually syrere,
and the resulting resin is called an ursaturated palyester resin. This resin can ke aured
by the use of cataysts to yield herd insolulde themmoset polyester.

The commerdd production of unsaiurated palyester resins wes arted duiing
World Wer |l for military aircraft.  Typically unsaiurated polyester resins in their
conmreraad form are mixtures of unsalurated polyester with styrene. The ratio of the
unsaiurated polyester to Syrene nononer is usually varied to daain the dverse
aoplications. (1-3)

1.2 Materials

The varations can ke meck in the compasition of the unsaturated palyester to
yield the resrs with a wide rae of popaties befoe, duing ad after
polymerization. The main variades are the type and amourt of dibasic adds, alcohdlic
vinyl monorers, nolecular waights of the polyester resins and the inhibitor system



121 Glycols

Praplere, dethylene, ad dprgpylene gyods ae generally wsed in the
commerda unsaturaied palyester resin manufadure. Gthers less enployed glycols are
ethylene giycol, neapentyl glycdl ard hydrogereted bisphend A Propylene glyeal is
used in generd pupose resirs Since it gves a high degree of compatibllity with the
vinyl monomers. Diethylene glycdl can e ussd when greater resilience or flexibility is
desred

1.2.2 Unsaturated Acics

Most resirs ae nece Y of & leest two dibasic adds In a mixed add
conpasition, the lower ratio of unsaturated aad gves nore fiexible copolyers ad
dlower curing tine.

Meleic anhydride is meinly used for the unsaturated polyester resins. Fueic
aad, tetrahydrophthalic anhydride and carbic aod candso ke used

1.2.3 Saturated Acid

The sinpe polyester resins ae necke from aglycol ad an unsaturated dibesic
aad or anhydride. The high aasslinking density leeds to extrenrely brittle, copalymers
along with high hests during copalymeization. Saurated dibesic adds are Lsed 1o
improve the mechanicd propearties of the produdt. The nost common saturated adds
are phthalic anhydride, isophthalic add and adipic aod

Phthalic anhydrie is the most widely used. The most common unsaturated
polyester is synthesized from propylene glycol, maleic anhydride and phthalic
anhydride. ~ Phthalic anhydride contributes to a decrease of water absorption,



imorovements of the physical properties, inareesad compatibility with styrene ad a
loner cost. Honever, it is difficult to prepare high ndlecular weight polyester with
phthalic anhydiide snce it hes a strang tendengy to reform from phthalic add half
edas Isophthdlic add is free of this limitation ad higher ndlecular waights
polyesters can be prepared Isophthalic payesters dso have excdllent compatibility
with styrere. In conrparison to phithalic anhydiide resins, isgphthalic resins showbetter
srength, toughness and inoreesed heet and dhemicdl ressance

1.2.4 Monomers

Vinyl nonamers are used to copalymerize with the unsaturation units in- linear
payesters in ader to develap the aossinked or themmosat srudure. Befare this
cosslinking o cuing dage these monomers dso save & savert for the high
VISCOSity palyesters.

Syrere is the monorer of dnaice in most of unsaturated palyester resins. Vinyl
tduene, methyl netheaylate, methyl acnylate, ocimethyistyrene, diayl phitelate and
triallyl cyanurate ae less diten usad The ided nononers for unsaiurated palyester
resins shoud have high bailing point ad low visoosity. The reactivity with the
unsaturated payesters should ke high but hes to be contrdliable. Syrere edts these
requireens better then aher monomers. Vaniations in the ratio of syrere to
unsaturated goups in the polyester affect the physical stregth, dherical resstiance
ad electrical properties of the resuiing copolyer. Syrere is generdly usad in the
range of 3 to 45wt % of the unsaturated palyester resin

Vinyl tduere is widely used in the gpdlications where loner viapor fressure
ad higher rate of polymerization ae reguired. (X-Methyistyrene is added in sl
amounts with siyrere to exdend the aure tire and lower the exatherm of large castings
Methyl metheaylate and methyl aonylate are used together with syrere to inprove



light stability and weathering resstance. However, when only these aorylate nonomers
are usd as the aosslinking monoer, thelr poar reactivity tonerds polyester dain
leed to dow cuing. The mgjor goplications of these monomers ae in conuggated
seding Triallyl cyaude ae used with usauded payesters where high
tenperaiure resstance is desired

1.25 Inhibitors

The unsaiurated palyester resirs ate highly readtive, since the het, light ad
contarmination can dart the auing. The inhibitor systemis an extrenely importart pert
of apalyester resin It contrbutes starage stahlity to the resins and reguiates the pat
life and gl time after frree radical initiators have been adbked to the resirs. (1-4)

1.3 Preparation of Unsaturated Polyester

Unsaturated polyesters are usually prepared from a palycondensation readtion
a devated teperature between glyodls ad dibesic adds ar anhyahides as shoan in
Stene 11

Depending an the types of gyods ad aads, the unsairaied polyester is a
linear paymer with a nolecular weight ranging from aoout 700 to 20000, They ae
prepared in large readiars with overheed equipment designed to reduice the loss of
volatile components. The add value or acantainetion of add value and viscosity of
the poyester detemines the e pant of polyesterification readion. After the
unsaturated palyester hes been prepered, it must e inhibited ard diluted with vinyd
monone.
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Scheme 1.1 Preperation of unsaiLrated polyesters

1.4 Curing (Copolymerization)

Methyl ety ketone peroxice is the nost widely used of the lontenperature
peraxide (20-60°c) iniiators. Berzoyl peraide is the nost popular of the medium:
tenperaiure peraxdes (s0-120°c). Tertiary butyl peartereoate ad dicumyl peraxide
arewidely used in moulding systens thet reguire tenperature in range of 120-150°c.

An accelerator is sometimes used to react with the peroxide to generate free
radicals at a lower temperature. Metals and tertiary amine are the accelerators that are

widely used.
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The curing of unsaturated polyester resin is a free radical polymerization is
shown in Scheme 2. To date, there are many  dies involving the curing reaction and

kinetics by the use DSC. (6-10)
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15 Literature Survey

Rodiguez (11) investigated the effect of readive nonarers and functional
polymers on the mechanica properties of a themoset unsaiurated palyester. The
unsaturated palyester with 21 ndle ratio of Syrere to palyester unsaturation Wes
modified with three vinyl monamers and two hydroxyl temrineted palybutadienes. The
three nonoers wsed were 1.3 Buylene glycd dimetheanylate, tetragthylene giyed
timethylacrylate and timethylpropane imethylacrnylate. Two hydroxyl temrineted
palybutadienes ussd were paly BD-R-45H ard poly BD-R-45M The resuits indicated
thet an inorease in the aosslinking density resuited in deterioration in the tensile and
flexural sregis.

Ddcaba, Quarrero, Eodiza, and Mondragon (12) investigeted the crosslinking
process by static ad dynarric viscoselry and by differential scaning calonmetry,.
The different catalyst amounts acbied to the unsaturated polyester resin did not drerge
the dass transition tenparaiure. Nevartheless, an inoease in catayst concentration
resUted in a deaeese in gelation tine. However, the difference in gelation time
becare sHler s the catalyst concentration wes ineesad

Many sudes ilnvolved the aure of usaturaied poyesters by variation of
catalyst type ad concentration.(13-16) Hieng ad CGren (17) sudied the effect of
cononaer conpasition an the curing kinetics of unsaturated polyester resins by DSC
ad IR Two commerdd UP resins, UP2821 ard UPS36B, which contained 682 ad
4.16 unsauraed c=c ook per poyester ndecue, respecively. The DSC rae of
UPS36B exhibited a shoulder dfter the peek which it could ke caused by the grafting
reaction of Syrene anc=c bads of the palyester dain inside the Mcrogel partide.

Froehling (18) studied the combination of vinylesters and methacrylates in the
crosslinking of unsaturated polyester resins. The polyester cured by the combination of



these mononers gave meterids with inreesed stiffiness and sregth in- relation to
those datained with the separate nononers.

Other researdas (19-22) studed the nodification of unsatrated palyester
resins by addng poly(mettyl metheanylate) or poly(vinyl aogtate) to reduce the
drinkage of usaturated polyester resin The dange in the proparties of unsaiurated
polyester resins by the addition of blend meterids such as paly(ethylene axide), epaxy
resnor filler was dso investigated (23-25)

1.6 Research Objectives

Unsaturated polyester resin hes received inoreasing attertion from incustry,
espedaly automotive industry. The properties of unsaturated palyester resins, which
ae fadars in their suooessiul goplications, ae corosion resistanoe, lightweight, good
physica properties ad eee of cdor modification. In addtion, resrs can ke
formulated with good eledtrical resstance and ather spedd dharadteristics such as heet
ad dnamicd resgace. In ader to injrove the praperties of unsaturated palyester,
ather ingredients such asvinyl nononers are acked

It is known thet addition of methyl methaanylate to the unsaiurated palyester
resns can inoease the weatheing resstance of the coresponding themoset
payesters. The a@mof this thesis is to study the effect of methyl mrethaanylate on the
proparties of usauraed payester resirs ad nmedhanicd  propatties of  their
corespondng themosats. This siudy dso finds the optinum ratio of methy
methaaylate to syrene mononer in unsaturated polyester resins thet provides the best
medhanica proparties in the themmoset palyesiers.



Scope of the Research

1 Preparation of athophthalic and isophthalic unsaturated polyester resins
with different ratios of UIP SM MVIA

2 Charattenization of unsauraed payester resirs in ader to study the
relationship between the properties of unsatLrated palyester resins and weight ratio of
WP : SM: MMA

3 Investigation of the medhanica praperties of the themosat polyesters in
oder to study the relationship between the nmedenica proparties of themmoset
payesters adweight ratio of UP- SVI: MMA & different %ovimt of MEKPO

4. Determination of the suitalle conpositions for the prepearation of themosat
payesters.
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