WD 97/ 31965 - PCT/ EP97/ 00631

PROCESS FOR MAKI NG Hi GH PERFORVANCE POLYETHERESTER
RESI NS AND THERMOSETS 5 FI ELD OF THE

| NVENTI ON WO 97/31965 The invention relates to pol yet hepegipsrmoesi ns.
In particular, the i nvention is a process for nmaking a

pol yet herester resin that can be cured 10 with a vinyl nononer to

produce pol yetherester thernosets. Resins t he process are

made b
barticul arly val uabl e | nPROSESSHQR MASINGHIGH-PERFORMANCE
unsat urated pol yester i BACKGROUND OF
TE | NENTIGN 15 - PORVEYHERESTER RESING AND THERMOSETS ces for
maki ng pol yet her est er resins from polyethers (see U S. Pat. No.
5,319,006). The process reacts a pol yether with a cyclic anhydride
(such as | ei ¢ anhydride) in the presence of a Lewws acid
catal yst. The anhydride inserts Fifldy@F THE INVENDEON oxygen bonds
of t'he polyether to generate ester bonds in the resulting 20
pol yet herester resin. The polyetherester resin is then conbined with a

vi nyl MoNO M, inPértiory rRites ’f polpsthersalet reSineLINA paricuirotee a

pol yet herester . t her noset . We later found that, in
addi tion to Leywenioh(S a froeédsCion fridking Jé'%blﬁé%’é?ester resin thét dakebé eGfed han
about 0 and netal salts thereof will catalyze the insertion of 25 an

anhydr i dfg i Nt 0 yithea RitlyY RidHemdrdo %m&%owaﬁézﬁ%%éﬁﬁ%&ée&sR%sHs%aBét :
by the process are particularly valuable in high-performance markets in th?

unsaturated polyester industry.

BACKGROUND OF THE INVENTION

15 Recently, we described a hew process for making polyetherester
resins from polyethers (see U.S. Pat. No. 5,319,006). The process reacts a
polyether with a cyclic anhydride (such as maleic anhydride) in the presence
of a Lewis acid catalyst. The anhydride inserts randomly inte carbon-
oxygen bonds of the polyether to generate ester bonds in the resulting

20 polyetherester resin. The i:olyetherester rasin is then combined with a vinyl
monomef, preferably styrene, and is cured to produce a polyetherester
thermoset.

We later found that, in addition to Lewis acids, protic acids that have

a pKa less than about 0 and metal salts thereof will catalyze the insertion of

25 an anhydride into the polyether to produce a polyetherester (see U.S. Pat.

No. 5,436,313). We also discovered that these strong protic acids and their



,No. 5,436,313). W al so discovered that these strong protic acids and their
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PCT/ EP97/ 00631 netal salts will catalyze the insertion of a
carboxylic a [;1975,3 a potyet her (see U. S. Pat. :"ZH 4).
The ability two maEe‘sgpol yet heresters by randomly inserting anh y ri Jgosg}

many oni que. poTe %%‘#egé'fe’?ﬁ%?%?ﬂe’éf oA Ep bR BBl By et hose

pol yet herester f Vi corrpar ed with conventional unsat urated
pol yest er resﬁg ib% ?gf e%%ié)é de by insertion have sone

di sadvant ages. h t her nbset s de from poI yet herester
resins often have 4§ abmtys‘ﬂb‘é?‘?%?‘“}ﬁ@?fﬁ? r@ ephygrdes

gener al - pur po \p/est er - based t her noset s, sorre pr opert i es

coul d be inpr cﬂﬂéﬁc Axylicracids intg P°'MFB]W"S provides a vailiahls wayof rpakingr nance of
the thernosets (as neasured by defl ection t enper at ure under | oad,
DTUL) i s5 sonevhany ueiguernelvetorresion intermediates. While the gerforroance efithigse and
flex properties could be better. 15 I n addition, thernosets nade
f rom gener al - frelyaikeregtess ispitarctavorable Oomppmwwbmvenﬂtﬁnajmnsaturated

pol yet heresters nade by Insertion generally have only fair or poor

wat er resi st arpolyeskernresimscpolyetharestersmade bydnsertisn dlave sogtpieous
acid or caustic solutions causes these thernosets to deteriorate. In
particul ar, tldisddventagests rapidly | ose a substantial proportion of

flexural 20 strength upon exposure to aqueous solutions. In response
to these Although thermosets made from polyetherester resins often have
10 superior physical properties compared with general-purpose polyester—

based thermosets, some propertties could be improved. In particular, high
temperature performance of the meﬁnosets {as measured by deflection
temperature under load, DTUL) is somewhat less than desirable. In
addition, tensile and flex properties could be better.

15 In addition, thermosets made from general—purpose unsaturated
polyesters or from polyetheresters made by insertion generaily have only fair
or poor water resistance. Exposure to harsh enyironments such as aqueous
acid or caustic solutions causes these thermosets to deteriorate. In
particular, the thermosels rapidly iose a substantial proportion of flexural

20 strength upon exposure to aqueous solutions. In response to these
problems, the unsaturated polyester industry developed two classes of high—

performance resins: iso resins and vinyl esters.



_problens, the unsaturated polyester industry devel oped two classes of high-
performance resins: iso resins and vinyl esters.
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PCT/ EP97/ 00634yq 97/31965 *I'so resins," which incorpor agErE®e006 Ng
units of |sophthalic acid, give t hernosets with better corrosion

resi stance conpar ed+jgbirBsthBOwhith foksdrate recurring unit8NRbBHthRYE RRRE give
pol yester resins. Because isophthalic acid is relatively

expensi ve, ot hgfhefRABREWItNDERet BoffBLiBn rEE5ERNEE (cdmPdrBd $ROCthYRE Fhade Bsing

resi stance are needed. In addition, iso resins are still quite susceptible
Vinyl ester reSPReTEary pORHERY Tedif: BeaRtt JeopBliiic goid o reltively
pertor mance. mudtPRa, SahRERHHE L R T8 Rake B Flosk Wb obor WiBr | oo
overall 5 * " FosRife plt ipadd L RS, SATRORE RS Allin BB HED ..
strengths and gécel ros&ggnéesistance. Unfortunately,

nt coy.
Vinyl ester re&PAE 8"&9}'%13%&%@?“ expensi ve resins.
In sum the unsaturated pol yester Industry has benefitted fromthe 15

i ntroduction of pol YSthestesiesing suresty,prrvids the Bighesligvelefiphysical
properties available in the unsaturated polyester industry. When

performance must be excellent, and low cost is not important, vinyl esters

10 are often used. Vinyl esters give thermosets with an excellent overall ’
balance of properties, including high tensile and flex strengths and excelient
corrosion resistance. Unfortunately, vinyl ester resins are by far the most
expensive resins.

in sum, the unsaturated polyester industry has benefitted from the

15 introduction of polyetherester resins made by insertion. However,
polyetheresters having éharacterisﬁcs of high—performance polyester resins
(iso resins and vinyl esters) are needed. A valuable process would
efficiently give polyetherester resins that can rival the performance of high~
performance resins, but at a lower cost. Preferably, thermosets from the

20 polyetherester resins wouid have improved physical properties, especiaily
high tensile strength, flexural strength, and DTUL. A valuable process would
give thermosets with improved water resistance without the need to include
aromatic dicarboxylic acids, and would give thermosets that better resist

expaosure to aqueous caustic solutions.
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pol yet heresters having characteristics of high-performance pol yester resins
(iso resins and vinyl esters) are needed. A val uable process woul d

efficiently give polyetherester
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The invention 1s”a SF gggglsr%ag}s W&Q.%‘Jﬁ’bﬁrﬁf?ﬁ“éﬁ?ﬁ%g%ge }I;‘Ht e presence

pol yet herester t hernoset . T‘?{E’ﬁpgﬂ

pol yet he? pol y¥I &1 g&g{@r},ﬁ

presence 5

of , an insertio
pol yet her est ers?’e@qﬂ%‘e poﬁregherestg@m

with an extender sel& te

conpounds to pFBBEYE

Finally, the chain-extended res

§'sc$jrss{ HleBaxe remaounds

ocess conprises three steps. First, a

RRAMER fNiacidnternipates priyethaeester nesis.

n cat al }/ast to Br oduce an acid-term nated

reackewp

in reacts with a vinyl

|afeexienden saleqted ifipm eact s
rimary diols and di epoxy
to produge ja chairrederded esi n.

nononer in

the presence dRONEheEsIerIesiva Finally ithe shainoexended cesin ineagts withoa vinyl

performance pol yetherester ther

noset .

The i nvention

i ncl udes a pr doeR@mMedin thekpregendebf a dreeradicat dnitiator to produce a high—

i0 performance polyetherester thermoset.

The invention includes a process for making high~performance

polyetherester thermosets in which a polyetherester resin is co—cured with

an extender and a vinyl monomer. Thermosets made by this process of the

invention are also included.

15 We surprisingly found that chain extension of polyetherester resins

with a primary diol or a diepoxy compound produces resins that give

superior thermosets. Thermosets made from primary diol-extended resins

have higher DTUL and retain a much higher percentage of flexural strength

on exposure to boiling water compared with those made from propylene

20 glycol-capped resins. Epoxy-extended resins of the invention give

thermosets with physical properties rivaling those of expensive vinyl ester

systems, and also outperform iso resins in flexural strength retention on

exposure to aqueous caustic solution. In sum, the invention is a low—cost

route to high—performance resins and thermosets.
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.pol yetherester thernpsets in which a polyetherester resi nis co-cured with
an extender and a vinyl nononer. Thernosets made by this process of the

i nvention are also included. 15 Ve surprisingly found that

chai n extensi | yet herester resins With a pripgRppefiéeeds Or a
di epoxy corrpo%g&‘gﬁguces resins that give superior thernosets.
fnermosets made | romyprAfREy sESCRFHONIGE PREFERRED EMBODI i gher
DTUL and retain a nuch hig er percentage o exura? st rengt on

exposure to boiling water conpared ? Eqw from propyl ene 20
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EMBODI MENTS OF THE | NVENTI ON
The invention iigsetien satalysy to, praduse an agidfeppinated B?'Yﬁﬁ!@F‘Pﬁjehﬁﬂﬂ
performance pol yetherester thernosets. In the first step, pol yet her
polyol 5 r eac tRolygther peivels isyiiable for use i wfm;tqpcma!@ﬂa these he

presence of an insertion catalyst to produce an acid-term nated
pol yet her est er desived from ring—opening polymerization of cyclic ethers such as epoxides,

oxetanes, oxolanes, and the like, and mixtures thereof. The polyols

10 preferably have oxyalkylene repeat units (—O—A—) in which A has from 2
to 10 carbon atoms, preferably from 2 to 4 carbon atoms. Suitable polyether
polyals include, for example, polyoxypropylene polyols, polyoxyethylene
polyols, ethylene oxide—propylene oxide copolymers, polytetramethylene
ether glycols, and the like, and mixtures thereof. Typically, the polyois have

15 average hydroxyl functionalities of about 2 to about 8, and number average
molecular weights from about 250 to about 25,000. Preferred polyether
polyols have an average hydroxyl functionality of about 2 to about 6, a
hydroxyl number of about 28 to about 260 mg KOH/g, and a number
average molecular weight of about 400 to about 12,000. Particularly

20 preferred are polyoxypropylene diois and triols having a number average
molecular weight of about 1000 to about 4000. Other examples of suitable
polyols appear in U.S. Pat, No. 5,319,006, the teachings of which are
incorporated herein by reference.

Anhydrides useful in the process include cyclic anhydrides, which may

~5-



_Pol yether polyols suitable for use in this first step include those
derived fromring-opening polynerization of cyclic ethers such as epoxi des,
oxet anes, oxol anes, and the like, and m xtures thereof. The polyols 10
preferably hgve oxval kyl ene repeat units (-0-A-) in which A_has from2

to 10 car bona'g’t%%é;@preferabl y from2 to 4 carbon atons. Suil’tqﬁpg7'ﬁ‘6ﬁ3§/et her

pol yol s incl ugde, _f e |l e | yoxypr.opyl ene.pol yol s, pol yoxyethyl ene

pol yol s, et hySgr?@‘t‘g%tﬁsgﬁﬁﬁw%g%a{oggﬁ%‘ccéﬁgywﬁs%’ﬁﬁ'ﬁ@tﬁﬁﬂﬁ?I ene
ether glycols, and the |jke and o xtures thereof. Typically, the polyols
have 15 Bynana i i (xapRies e luge gRthal Anhyarigd s matsic and
nunber aver age . +olecular weights fromabout 250 to about 25, 000.
Preferred pol §abydide. “Saturated; anfydddes ¢entain AQ &thyjenisymsatyrationruti onal i ty
of about 2 to about 6, a o hydroxyl nunmber of about 28 to about 260
ng KOH g, andM@ayreqfiain aromatic ringg. lee include phihalig lanbpdride) ropimts t o
about 12,000. Particularly 20 preferred are pol yoxypropyl ene diols and
triols Bavi ngaahydrides trimeliitic.gohydride, and suskimici bahydridey htUnsfatanated™ 1000 to
about 4000. O her exanples of suitable pol yol s appear in U S. Pat.

No. 5, 319, 006aniydridessexntaig etioflenit unbatration that becoines ingrpoiatdd toahs by
ref erence. Anhydri des useful in the process include cyclic

anhydri des, wpolgbtherester resin. Maleic anhydride is an example. Other examples of 5-
WD 97/ 31965

PCT/ EP97/ 006 33uitable anhydrides sppledr #i BISOPal ING1S/436,893, theltehtkingawtydr i des
contain the anhydride
which are incorporated herein by reference.

10 Dicarboxylic acids useful in the process are saturated or unsaturated.
Preferred dicarboxylic acids are linear, branched, or cyclic C,~C,, aliphatic
dicarboxytic acids and C~C,, aromatic dicarboxylic acids. Examples include
adipic acid, maleic acid, succinic acid, isophthalic acid, and the like, and
mixtures thereof. Additional examples of suitable dicarboxylic acids appear

15 in U.S. Pat. No. 5,436,314, the teachings of which are incorporated herein
by reference.

The first step is performed in the presence of an insertion catalyst.
By "insertion catalyst” we mean a catalyst that promotes random insertion of
anhydrides or dicarboxylic acids into carbon—oxygen bonds of a polyether

20 ' polyal to produce a polyetherester, Sulitable insertion catalysts have been
previously described. They Include Lewis acids (see U.S. Pat. No.
5,319,006 for a general description and exampies), protic acids that have a

pKa less than about 0 (see U.S. Pat. No. 5,436,313 for examples), and

metal salts of these protic acids {see U.S. Pat. No. 5,436,313). Organic

-6 -
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functionality wthin a ring. Exanples include phthalic anhydride and mal eic
“anhydride. "Saturated" anhydrides contain no ethylenc unsaturation, but
may contain aromatic rings. Exanples include phthalic anhydride, propionic

5 anhydri |gellitic anhydride, and succinic anhydri §@y/eperi00631
"Unsat ur at ed"a}a5'."}:&!*5';‘"3 anhydrides contain ethylenic unsaturation that

becones i ncor peipdiie deiisOsuchas p—toxuenesmn]gﬂid Qbiﬂ%@sﬁé?ﬁcqlﬂ Freféﬁési c
a

anhydride -is an exanple. Qher exanples o Sui e anhydri des
appear in U S ;Rahio taﬁ(s$361 313, the teachings of whi ch are
I ncorporated herein by reference. 10 Di carboxyl I ¢ aci ds useful

'n the process are ﬁétﬂrgf:@s‘ls I%%d%srﬂ%g%ﬁ%rgcigytarﬁnén%f% PrBIy% reSter resin

di carboxylic acids are*l'rnear, Dbranc err]. aliphatic

di b i ' d. - CA ii ' W j ds, Ex I
netude - “prerorsy roBier heshog i RoidRRar bafielarif REak e 8o e
id, d the like,. and ] Xt .th f. Addifti I I f
Ui t bl 63ci car BORIEE Bpharapmss of 4 serion ey=afiagly 8 FSTAM { ne_

t eachi ngs of whj i ncorpor ated her ef erence.

et ree el pel 08, S5 Tand, 5.436.31¢s Db nsatrEed

By "Insertion catal yst" we nean a catal yst that pronotes random insertion
of an P?Uﬂsé& this apid-iempivatad-pelyetherestergesia gstaipg wimaibnds of a
pol yet her 20 pol yol to produce a polyetherester. Suitable insertion
cat al ysts havecadwxylic acid end grpups.dhe|resinds esseflinlly frag of hudrawd endyi s aci ds
(see U. S. Pat No. 05,319,006 for a general description and
exanpl es), prograupsci The atidtnumier is typically of abok 404e bokiti200 e KQH/igs ee
U S. Pat. No. 5,436,313 for exanples), and ) nmetal salts of these
protic d6ids (Aemote Srefémed range IS, ftds ab0BY 60 @ ghoutc180 mg KOH/g.
-6 -
The acid-terminated polyetherester resin will preferably have
recurring polyether blocks that have, on average, from about 3 to about 6
oxyalkylene (e.g., oxypropylene, oxyethylene) units. Generally, the resin has
an ether/ester mole ratio of at least about 0.75. Preferred acid-terminated
15 polyetherester resins have ether/ester ratios of about 1 to about 3. The
resins generally have number average molecular weights within the range of
about 500 to about 10,000.
Iin the second step, the acid—terminated polyetherester resin reacts
with an extender selected from primary diols and diepoxy compounds to
20 produce a chain-extended polyetherester resin.
Primary diois have two primary hydroxyi groups (-CH,OH) available
for reaction with the acid groups of the acid—-terminated polyetherester resin.

The diols may include other functional groups that do not interfere with the

WARIRLAEAY W T L T



. WD 97/ 31965
PCT/ EP97/ 00631 sul fonic acids such as p-toluenesulfonic acid are
particularly preferred i nsertion catal ysts. The

process used“)‘ocﬁ.,g%gg the acid-term nated pol yetherester resippyrpornesst’
preferably involves heating a pol yether polyol and dicarboxyl ;rc acnlwg or 5

anhydride in CRgINPGHAERSIER rédctiRf, koS sthePgrotpbalPratertRSAmbhyY dRfs afe Eaught
In : U.S. Pat. Nos. 5,319,006, 5,236, 313, and 5, 436,314. Unl i ke

unsaturated o, diols. PReN8d Cugﬁ;yHta'téirﬁﬂd&‘éﬁ%@u&f%ﬁ%g,?ﬂ-{rﬁgiﬂfﬁ§l¢r resin

contains primartly oxyl1c acid e _ sin is
Cypi cal |y of  Bihiesly hethendBlcol. dietnyieps ShAE netipriaod TS0 5 e
pol yet her et ePArRnEdsh,F gl 5 fighexanedimethagl, 1 00T vet ner
b HB I
15 pol yet her est ?%%‘?’ﬁ?fm%%%?é?’ﬁg‘g%%P%%@@eﬁQg%ﬂ%csl"ﬁ eeadTouf1 g.

The resing generally have nunber average nol ecul ar wei %ht S wthin
the range of nature of the ggidrterminated,palystiierasier; de type of primary diol, the i t he
second step, the acid-term nated polyetherester resin reacts W th
an ext ender sé@psiEedprapesties,ef therchain-extended polvetosrpstas resionthe viimate
produce a chai n-extended pol yet herester resin. Primry

di ol s have twthgrmoseat prapgifiesxsdught, andsothetactars] Giypically amiamwount of
10 about 1 to about 20 wt.%, and preferably from about 5 to about 10 wt.%, is

used based on the total amount of acid-terminated polyetherester resin. The
diol-extended polyetherester resins generally have broad molecular weight
distributions compared with the acid-terminated polyetheresters from which
they are made; the Mw/Mn ratios are typically greater than about 5.

15 As Examples 1-6 below show, it is important to use a primary diol.
Earlier, we showed that polyetherester resins can be capped with propylene
glycol to lower the acid number of the resin (see, e.g., U.S. Pat. No.
5,436,313). However, propylene glycol is an ineffective chain extender
because it imparts relatively unreactive secondary hydroxyl groups to the

20 polyetherester resin. We found that a significant amount of chain extension
occurs when a primary diol is used instead of propylene glycol. This is
apparent from the substantial increase in the weight average molecular
weight of the primary diol-extended resin (Examples 1-3) compared with a

propylene glycol-capped resin of the prior art {Comparative Exampie 4).

~8-



for reaction with the acid groups of the acid-term nated pol yet herester

"resin. The diols may Include other functional groups that do not
interfere with the - 7-
WO 97/ 31965 PCT/EPS7/00631
PCT/ EI 97/ 00630 9731965 chai n extension reaction, e.g., ether groups.

g
Preferred primggy A lecul iS5 'dongi wi red
primary di-ols incl (?gb’g{rﬂ{ﬁgﬁ[e‘ﬁgﬁ/%fom? egyﬁaétme;ﬂ 1, 3- nSisteri w'ﬂaff)érquanedi ol ,
neopentyl glyc L et e gl | e b G I 4 1A
but anedi ol , 1, %&W&gﬁ’é%%a igh%c%&%é@%g%uemﬁg%mh&ﬁa megwl 1,3
amount of pri merPAeae it ey Seie Ot Pebk Sy B eana opRp- T
nature of the acjd-termnated polyetherester, the e of primry.dio t he
desired proper dﬁg W%‘Ff& -'ég‘gﬂﬁﬁgﬁ”ﬁm%gwgrtbéga s%&' ,s‘gﬁ‘g"ﬁ‘f“k‘){ mat e
t hernmoset properties._sought, and other factors. Typically, an appunt of 10
Hbout 115, aboanss DRV AN Rl JRyovac itk Rrestts TeraBn RIORNG, | s
used based on the total anpunt of acid-term nated pol yetherester resin. The
di ol - ext ended FofgvmwatercBeibtestingi ns general |y have broad mol ecul ar wei ght
di stributions conpared with the acid-term nated pol yet heresters from whi ch
they are made; the RigRgxyreompoungdscanaise he|ysedrasextendaegnindbe progess afs
As Exanples 1-6 bel ow show, it is inportant to use a prinmary diol.
Earlier, we shiheeinventon.pSuitablsddiepaxyrcomepaungsdiayeswaepprodoreuph ayailalgieene

glycol to lower the acid nunmber of thée resin (see, e.g., US. Pat. No.
for reaction with the carboxylic acid groups of the acid-terminated

10 polystherester resin. Epoxy resins, such as bisphenol A diglycidyl ether, are
preferred diepoxy compounds. Suitable epoxy resins include Sheli
Chemical's "EPON" resiﬁs such as EPON 828 resin, and Dow Chemical's

. "D.E.R." resins, such as D.E.R. 330 and D.E.R. 331 resins. Other suitable
diepoxy compounds include novolak resins (phenol/formaldehyde

15 condensation products}, brominated epoxy resins, aliphatic diepoxy
compounds {e.g., diepoxides derived from 1,3—-butadiene or
cyclopentadiene), advanced epoxies thigh molecular weight diepoxy
compounds), ether—containing diepoxy compounds (diepoxide from dially!
ether, diglycidyl ethers of polyoxypropylene diols such as D.E.R. 732 resin),

20 epoxidized fatty acids, and the like, and mixtures thereof.

The amount of diepoxy compound used is not particularly critical.
Generally, the amount used depends on the nature of the acid-terminated

polyetherester, the type of diepoxy compound, the desired properties of the

chain—-extended polyetherester resin, the ultimate thermoset properties
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5,436, 313). However, propylene glycol is an ineffective chain extender
because it inparts relatively unreactive secondary hydroxyl groups to the

20 pol yet herester resin. W found that a significant anount of chain
ext ensi on gccurs when a primary diol is used instead of sJoro%g_l ene
gl ycol . Thi s W@&%731965 apparent fromthe subst antial incr 2 S¥ERH

(B o5 1- 3ol aePps frotors. UK otteatn il Btk i rocin of -

n :
E 8_e prior art cgmp%%%wgg%gng on thL amount of acid-terminated polyetherester

PCT/ EP97/ 00631 approxi mate doubling of nol ecular weig i
consi stent wi f@sign&l rﬁferably, the diepgxeempaundiscysad i amampuat of abgéﬁ"ﬁ&
et hyl ene glycol or 2-nethyl-1, 3- propanedi ol is used instead of
propyl ene gl yabput 60 wt%stmore ngefgmlmf-rom about 10 tocghoat #8awh %), paskdopst er
resins surprisingly give thernosets with significantly 5 hi gher DTUL
and dr afat i cathe/amoeunt ot dciti-termindted polyethdrester eegin.oThiecépaxy-extended

6-day water boil testing. Di epoxy compounds can al so be
used as ext enpelyethefrester resins geserally have much bioadenmetedusar. wéight abl e

di epoxy conpounds have two epoxy groups available for reaction

wi th the car bdistibutionsicdmpared withf theletidterminatet pelyettleresiers from which
pol yet herester resin. Epoxy resins, such as bisphenol A diglycidyl ether,

are ﬂ{@f&brmddd* mwwmarfammdﬁa typldalipiratePan AlHit'E dracdaile
Shel | Chem cal ' "EPON'" resins such as EPON 828 resi n and Dow

Chemical's  pe as high as 30 or more.

S

10 The chain-extended polystherester resins have reduced acid
numbers compared with the acid-terminated polyetherester resins from
which they derive. The chain—extended polyetherester resins typically have
acid numbers less than abouit 80 mg KOH/g, preferably less than about 60
mg KOH/g. These resins are suitable for use in making polyetherester

15 thermosets.

in step three, the chain—extended polyetherester resin reacts with a
vinyl monomer in the presence of a free-radical Initiator to produce a high—
performance polyetherester thermoset.

Vinyl monomers suitable for use in the invention include, for example,

20 vinyl aromatic monomers, vinyl esters of carboxylic acids, acrylic and
methacrylic acid esters, acrylamides and methacrylamides, acrylonitrile and
methacrylonitrile, alkyl vinyl ethers, allyl esters of aromatic di- and polyacids,
and the like, and mixtures thereof. Preferred vinyl monomers are vinyl

aromatic monomers, methacrylic acid esters, and diallyl esters of aromatic

-10 -



"D.EER " resins, such as DDE.R 330 and D.E.R 331 resins. Qher suitable
di epoxy conpounds i ncl ude novol ak resins (phenol/fornmal dehyde 15
condensati on product s), brom nated epoxy resins, aliphatic diepoxy
conpounds (e. g, ﬁgé)m des derived from1, 3- but adi ene or PCT/EP97/00631
cyclopentadiene vanced epoxies (high nDIecuIar wei ght di epoxy

cther. i gl yei AT SOHGHAGE] PoRRAGHy SRR d HhERAKE R are A ele
resin), 20 R%Q’)él m&mounh&{?&% d&'dnéﬁﬁ%?“%é'é and m xtures thereof.

The arrloimt 01;] epoxy ticu arI y critical. 4
Ce :
ol yet her est er, ¢ he TR e GHPEREARRPRaommEL ASe FRaStns oF sBVorkl idiene of ¢ ne

chai n- ext ended pol ye t}gre er5°f%§.e L _?gmlfnéteg%o‘?yett#eerggt%??éSllQrt?'lpe [iLes

PCT/ EPO7/ 00631 ht, and other factors. Usually, at |east about
1 W. % of3di epo%ﬁe"de" used thec‘é?ﬁ&‘i%‘rf@f@°§%éﬂ‘¥§‘&§bﬂ'°@ﬁ“ﬁ$et*}?nB%WPU@F viny
aci d-term nated pol yet herester resin. Preferably, the di epoxy
conpound i s usemonpmgnused And ethepfastarss Generally, the amauns ysed wilhbeogbatdr e
preferably from about 10 to about 40 wt.% based on 5 t he anount of
aci d- t er mi nat edi(?s soutciGewt- ¥r based on thenamepok 9t eured poivetherester
pol yetherester resins generally have nmuch broader nol ecul ar wei ght
di stributions dbapoesat, aimeretprefesreddrange i$ fratncabqus|2pctorabaid ©65rwt.%: om whi ch
Preferably, from about 35 to about 75 wt.% of the polyetherester
10 thermoset derives from the acid-terminated polyetherester resin; a more
preferred range is from about 45 to about 65 wt.%. Preferably, from about 1
to about 30 wt.% of the polyetherester thermoset derives from the extender;
a more preferred range is from about 5§ to about 20 wt.%.
Free-radical initiators useful in the invention are any of the peroxide
15 and azo-type initiators that are well known in the art for curing conventional
unsaturated polyester resins, Peroxide initiators are preferred. Suitable
examples include benzoyl peroxide, methyl ethy! ketone peroxide, tert~
butylperbenzoate, AIBN, and the like. The amount of free—radical initiator
used will typically be within the range of about 0.1 to about 5 wt.% based on
20 the weight of cured polyetherester thermoset.
Fillers, glass fibers, pigments, or other additives may be included in
the polyetherester thermosets of the invention. Suitable fillers include, for
example, taic, calcium oxide, calcium carbonate, aluminum trihydrate,

magnesium silicate, alumina, carbon, clays, diatomaceous earth, and the

-11 -



they are made; the Mv Mh ratios are typically greater than about 8, and can

be as high as 30 or nore. 10 The chai n- ext ended pol yet herester
resins have reduced acid nunbers conpared with the

acid-term nat ed et herester resins from whi ch the derive. The
chai n- ext end®¢ %P therester resins typically have i) ers

KO g. Theee. i Queah Bt SRR ik ot ot ARt ol afh seranames ™

t her noset s cha| n- ext ended

pol yet heresteFa'l’55%@5&6?@%?%’%8"ye{he'ésm(/ fNo88honer in the presence
of a free-radical jnitiator to produce a per f ormance

pol yet her ester t heFhénH@ thereste thermosets are\ynﬂs}q: bﬁdﬁﬁmtwhﬂme for use
in the invention include, for exanple, 20 vinyl aromati c nononers,

vinyl esters %GBQ%GQVPF"@'%PG?S"&M@W imongiger, and free—radicalipitiatorc aci d
esters, acrylam des and nmethacryl am des, acrylonitrile and
met hacr §1 oni t acgarding|ta ynethpds wed tknows, maheyﬂn efsmakingdhemmaesats fromil - and

pol yaci ds, and the like, and m xtures thereof. Preferred vinyl

mononer s ar e unsaturated polyestearesins.i Typivaliyrar esimmiXtarer Yhiat contains dayler s, and

diallyl esters of aromatic -10
monYd@ied T 3dMbined with the free—~radical initiator at room or elevated

PCT/ EP97/ 00631 di - and polyacids. Particularly preferred vinyl

(rjrpnlolrrelr S ﬁ: ﬁ tlu?ﬁmre,\aﬂamb cured to give 4 sblidepraductthay mayché pesi-oured ifand
R adssifed by heating at elevated temperature. The examples below illustrate ’
10 suitable procedures for making the thermosets.

Polyetherestér thermosets of the invention are preferably made by
first chain extending an acid-terminated polyetherester resin with a primary
diol or a diepoxy compound, and then reacting the chain—extended
polyetherester with a Qinyl monomaer as described above. In another

15 process of the invention, the acid-terminated polyetherester resin is co-
cured with the extender and vinyl monomer in a single process step. The
advantage of this process is simplicity; the components are simply combined
and heated to effect the duat cure. Exampies 24-30 below illustrate the co-
curing approach.

20 The co-cure process is less preferred, however. Because free-
radical curing occurs rapidly at much lower temperatures compared with
chain extension of an acid-terminated polyetherester, it is more difficult to

consistently produce thermosets with a high level of physical properties

when the co—curing process is used. it is difficult to get the proper

-12 -



_The amount of vinyl nononer used depends on several factors,
I ncl udi ng the nature of the acid-term nated pol yetherester resin, the type

of 5 extender used, the desired thernoset physical properties, the
particular vin mononer used, and other factors. Gppggpdiasssit he
anmount used w‘¥+9'f5%19%500ut 10 to about 70 wt. % based on the anount

of cured polyetdps free-radical ERRRRE Chairl-d@ersich eh@lysedr kapge is from
about 20 to about %ééﬁvénf% ree-radica e Preferably, frlf)rom%aboiaﬁt9 35 to

b 75 . % : 1Q . '
Bor - t o nat edeabRSLREhYERRTE S bost uring 1IrFEIRIE rdstbl 33 préfiBd oC |

0wt % of | fﬁetsge&% ; %w?@%fﬁ?%%h g’i %é@@?%%ﬁ?é%%@%@mé% g b7 20
Froo- radi cal | MTEAGLNS DesPoruREhaorR VAR TS b fese protucra s feps 15

and azo-type injtiator are well known in the art for curin
P! than Bholf 1604, ’

convent i rated pol yester resins. Peroxide initiators
are preferred. Suitable . exan?l es_ i ncl ude benzoyl peroxide, nethyl
ethyl ketone peroxi e susprisingly found that ghaipy %?'b%ﬁ%&i@é!yemﬁﬁﬁeéﬁ%ﬁmﬁe

| i ke. The anount of free-radical initiator used will typically be
within the rangethop piisoary dicliornadigpeny compoung pigddcesresing that givee wei ght

of cured pol yet herester thernoset Fillers, glass fibers,

pi gnents, or otsuperigtthermpseisnalhasmosats made frain primary diol+exdepdeq cegies est er
t hernosets of the invention. Suitable fillers include, for
exanpl e, taic, havedhigherRTUb andatetaina meachhigher, pertentage of flexinati sength
magnesi um silicate, alumna, carbon, clays, diatomaceous earth, and the
10 on exposure to beiling water compared with those made from propylene
glycol—capped resins. The 6-day water boil test is an accelerated aging test
used in the polyester industry to screen resins and evaluate their likely
performance in long-term corrosion testing. Resins that do hot perform well
in the water boil test are unlikely to exhibit favorable long-term corrosion
15 resistance in actual use.

Examples 1-3 and Comparative Exampie 4 show that primary diol-
extended resins from, e.g., ethylene glycol or 2-methyl-1,3—propanediol give
polyetherester thermosets with higher DTULs compared with one made from
a propylene giycol—capped resin (228 or 221°F versus 184°F). Even more

20 strikingly, the thermoset derived from a primary diol retains 71 to 95% of its
initial fiexural strength after the 6-day water boil test, while one made using
propylene glycol retains only 26%. Importantly, thermosets derived from

primary diols show exceilent water resistance without incorporation of any

aromatic dicarboxylic acid recurring units.

- 13 -
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"PCT/ EP97/ 00631 | i ke. A ass powder, spheres, fibers, or chopped

gl ass of any size or shape can be used to reinforce the

pol yet herest er t her noset . The pol yet herester thernposets are
made by reacVPIF1M2 chain- ext ended pol yet her est BFVEEEYHO3L i ny|

" Che art of  maki FROPRerissaEH B of tie invendSd EE R SedE MR BriSiar """

resins. Typically,. ' | Xt th | s, vinyl nononer is
Conbi ned v { FOERENERAEPLG AgE of SrmelBlye IV Ml Aistene. and.aso

tenperature, and i.,s cuyred to give a solid product that may be post-cured if
desired by he%{{qpﬁﬁ"ﬁ? 9 @\?Hlse'g flexuial srefel reteptionemBResuse ot | | ustrat e
10 sui tabl e procedures for naking the thernosets. .

Pol yet her est eRauaabis Raustic sgiution dsaehjablei Pn Taklep Sthequah § shawehypical

first chain extending an acid-term nated pol yetherester resin with a

pri marys propertigs Af epoxy—extended resinsovade fram @cidréerminatedi ng t he

chai n- ext ended pol yet herester with a vinyl nononer as descri bed
above. | n andqaiystherester resigsodhesthermoses igenerallyoshow ar exceltent dalencet ed
pol yetherester resin is co- cured with the extender and vinyl

monomer i n a ofihagtdness, bighsBTULepnd Hoed tensile propediesnt lagadditiort, the process is
sinpicity; the conponents are sinply conbined and heated to effect

the dual cur ehefmosets eetaiia MyHopeéreentdge ufitheir origlral bardness and flextidl Ng
approach. 20 The co-cure process is |ess preferred, however.

Because free-strength even &ftdi 6lostty tdBoiling Wetter. a[h Gulh, Ahe TM@RtIGANEER
tenperatures conpared with chai n extension of an acid-term nated

pol yet fer est aow—tésti r&utﬁ)roehi?hiﬁérwﬁh'tanb@ resins and thémnesers.ent |y produce

thernosets with a high level of physical properties when t he

CO-curing process e #6i6Wing éxantplés tidrely ilusthate Hhe IMRnBSR.P Those skilled
in the art will recognize many variations that are within the spirit of the

invention and scope of the claims.

15 EXAMPLE 1

Preparation of a Chain—~Extended Polyetherester Resin:
2-Methyl-1,3—propanediol as the Extender

A three-liter reactor equipped with mechanical stirrer, thermocouple,
nitrogen sparger, and overhead condenser is charged with a 3000 mol. wi.
20 polyoxypropylene triol (1532 g) and maleic anhydride {825 g). The mixture
is heated to 65°C to melt the anhydride. A solution of p-toluenesulfonic acid
(1.8 g) in water (151 g) is added. After the exotherm from the reaction of
water and maleic anhydride subsides, the reaction mixture is heated to
190°C over 1.25 h. The mixture is heated for 14 h at 190°C, and the acid
25 number drops to 137 mg KOH/g. This intermediate is an acid-terminated

- 14 -
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'PCT/ EP97/ 00631 conbi nati on of free-radical catalyst,

chai n-extension catalyst (if any), reaction tenperature, and
post-curing t es needed to produce a sati sf )
t hernoset In %??’?‘%ﬁg products with high DTUL are hard to lﬁaé}lt/gl@l’'ml;r?zgtke

using the co-c Pdtsyasint Ypi cal DTULs of these products are |ess 5
t han about -160?%‘?},%@.% Sin- We surprisingly found that chain

ext ensi on of pol yet hg_fﬂéﬂ-@f_ﬂf.ﬁj'sﬂﬁ%%etdicgi(e/'zéo g) W 58‘59“'@5”{5’3@‘?%‘8‘%? gﬁ\kgggts_

di epoxy conpound produces-resi
Ther noset s nade rinar | oL: ext ended. resins ave. hi gher
DTUL and ret ai néé%ﬁaﬁ?%ﬁqbehp&ﬂc&g@uwef aMrtﬁlsssﬂge'ﬁBr{zg' %6'9 on
exposure to boiling water co red with those nmade fro ropyl en
gl ycol - capped r'@’?f‘ﬁ'é‘.g #ﬁ@'@- ® tpRyeptef Ee3inig caﬂeg]@@\g '8¥89%§“5’§i ng
t est used i he | yest er indust to screen resins and eval uate
their 11k8ly Stmene (ot fadiy 8l permention chiomatoaranh (GE Geanaives oRis ne
that do not perform wel | in the water boil test are unlikely to
exhi bit favor abMeAYT8HG-Shews: JMp 3P Mws= 15230, MW é3i n actual use.
Exanpl es 1-3 and Conparative Exanple 4 show that primary diol-
extended resins from e.g., ethylene glycol or 2-nethyl-1, 3-propanedi ol
gi ve pol yet herester thernosets with higher DTULs conpared with one
made from a propyl ene glycol - EXAMBLEeSI n (228 or 221[err]F versus
184F). Even nore .
Preparation of a Chain-Extended Polyetherester Resin:
10 Neopentyl Glycol as the Extender
The procedure of Example 1 is generally followed. Heating the
reaction mixture at 190°C for 10 h gives an acid-terminated polyetherester
having an acid number of 129 mg KOH/q.
Neopentyl glycol (174 g) is added, and heating continues at 190°C for
15 4.5 h. The acid number drops to 60 mg KOH/g. The resuiting chain—
extended polyetherester resin is cooled and blended with styrene (60%
resin). GPC analysis of the neat resin shows: Mn = 1850, Mw = 12330,

Mw/Mn = 6.65.

20 EXAMPLE 3

Preparation of a Chain—Extended Polyetherester Resin:
Ethylene Glycol as the Extender

The procedure of Example 1 is generally followed. Heating the
reaction mixture at 190°C for 15 h gives an acid-terminated polyetherester

25 having an acid number of 133 mg KOH/g.
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20 strikingly, the thernoset derived froma primary dial retains 71 to
"95% of its initial flexural strength after the 6-day water boil
test, while one made using propyl ene glycol retains only 26%

| mportantly, h?gg&&set s derived from primary diol ﬁﬁf%?’%\{y”%%ﬁl'l ent

wat er resi st'a hout incorporation of any aro

f“lgaf boxylic acid étﬁﬁgw@%og%g) is added, and heating continues at 190°C for

PCT/ EP97/ 006 . Eppoxy- ext rgsins of the invention give
t her noset s vm:gn YR Agid number drops’ 9%¥%;5'é9 S iﬁé? f?%’?tl%géa'BT‘ expensi ve
Vi nyl ester ﬁqstrg{rﬁs alnd al so o out'g)erform iso resins in flexural
strength ret Egensedpeikethgtaster reginjgcooled and blengdedMith stysera (89%ol ut i on
(see Table 9). Tables 3 thr ou%h 8 show physi cal properties of

. » 5
epoxy- ext endd@sifbs GRC apalysis ofiiha feat resimshewsd Mn = 2180, Myt J4688s est er
resins. The thernosets generally show an excel | ent bal ance of

har dness, hi dWwibhn= 6.68d good tensile properties. In addition, the
t hernosets retain a high percentage of their original hardness and fl exural
strength even after exposure to boiling water. In sum the invention is a
10 | ow-cost route to high-performance resins and thernosets.
The foll owi ng exanpl es nerely COMBRARATSVE EXAMPEE40on. Those skilled
in the art will recognize many variations that are within the spirit of the
i nvention and scopeepdratitve of kcPropylene Glycol-Capped Polyetherester Resin
A twelve-liter reactor equipped as in Example 1 is charged with a
10 3000 mol. wt. polyoxypropyiene triol (5000 g) and maleic anhydride (2692 g).
The mixture is heated to 65°C to melt the anhydride. A solution of p-
toluenesulfonic acid (7.7 g) in water (494 g) is added. After the exotherm
from the reaction of water and maleic anhydride subsides, the reaction
mixture is heated to 190°C over 1.25 h. The mixture is heated for 7 h at
15 190°C, and the acid number drops to 134 mg KOH/g.
Propylene 'glycol (500 g} is added, and heating continues at 190°C for
another 5 h. The acid number drops to 58 mg KOH/g. The resulting
propylene glycol-extended polyetherester resin is cooled and blended with
styrense (60% resin}. Gel permeation chromatography (GPC) analysis of the
20 neat resin shows: Mn = 1770, Mw = 6390, Mw/Mn = 3.62.
The resuits of Examples 1-3 and Comparative Exampie 4 show that
significant chain extension occurs only when a primary diol is used. Note

the much lower weight average molecular weight of the resin of Comparative

Example 4 compared with the Mw values of the resins of Examples 1-3.
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.15 EXAMPLE 1
Preparati on of a Chai n- Extended Pol yet herester Resin:

2- Met hyl - 1, 3- propanedi ol as the Extender A three-liter
reactor equip j mechani cal stirrer, thernocouple, 8;0' Jespaen
sparger, and gﬁg? ég condenser is charged with a 3000 nol. vﬁmmf of

pol yoxypropyl ene triol (1532 g) and nmal ei ¢ anhydride (825 g). The mixture
i's heated to 65[err]Cto nelt the anhydride. A solution of

p-tol uenesul foni c acid (1.8 Q)(G. er (151 g) is added. After
the exothermfromthe reaction of b"ﬂ:’fT/\\@/;&tser and mal ei ¢ anhydri de

subsi des, the re i m .S heat to .190C 0 1.25 h. The
mxture i s heat eSﬁ%e@%???'ﬁ&%&lé%féﬁfr?‘%sfﬁ%ﬁgm larlmggcbao\{fl%ﬂﬁﬁé?d dr ops
to 137 ng KOH/ g. This internediate is an acj d-term nat ed

- 14 - WO 97/ 31965 Hesins

PCT/ EP97/ 00631 | yet herester resin. .

2- Met hyl 31, 3- pr opangﬁﬁdﬁs%zs%'e@? blendgpfdfexampigs He: and) ComnarativesExample
19[err]C for another 8 h. The acid nunber drops to 55 ng KO/ g. The
resul ting chai 4 #%tferpeiatebinie payetherester thermosetsamfallgwand el ended with

5 styrene (60%resin). CGel perneation chr omat ography (GPC) analysis of
t he resib/shuene blaneis combired gbpomiempearsige, withcobalt: 7. 3.
EXAMPLE 2 Preparation of a Chai n- Extended

Pol yet her est er nRpbthenate and methyl ethyl ketone peroxide (MEKP) to give a cured
thermoset. The thermoset is post-cured at 100°C for 5 h. Physical

10 properties of the thermosets appear in Table 1.

- 17 -
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.10 Neopentyl dycol as the Extender

The procedure of Exanple 1 is generally followed. Heating the

reaction mxture at 19[err]C for 10 h gives an acid-tern nated

pol yet herest er havi ng an acid nunber of 129 ng KOH g.

Neopentyl gl YOI™ %4 g) is added, and heating continues at P‘l'g@?’%m% for
15 4.5 h. The acid nunber drops t%&&@ﬁg‘%b OH g. The resulting chain-
ext ended pol yet herester resin is cool ended with styrene (60%

in). ' h ' : = My = 12
LM,GSW L SPE AN Relisthie S Bllydtatebter hitnosats: She-Day, NaterBan 15t
Preparation of a Chai n-Extended Polstyet herester Resin: .
Et hyl ene d ycol asﬁ"ﬁe‘@i‘éﬂa gxural strength test specifgns, (45 e i@’ ¢ HB8" )Bfanpl e 1

is generally followed. Heating the . reaction mxture at 190C for 15 -
h gives an acflgar 6ash PF&Y@HEfﬁégeféhmtéfe immpersed iRfdistilgd watatinlanunber of
133 KOH g. 15 -

VO 9r7n]J 359659- sealed glass tube and are heated at 100°C for 6 days. The specimens are

PCT/ EP97/ Q0631 Et hyl ene gl ycol (104 g) is added, and

heati ng cont i cesledatemi@ddrarh thd water, and wiped Bnh. Thésampies anenweighédops t o
59 ng KOH/ g. The resulting chain- ext ended pol yet herester resin

i s cool ed andamd ¢tested fan Bdrcsl hardness(within 1 h of removakfsom the @Wfeanal ysi s of
the neat resin shows: Mh = 2180, Mv = 14430,
Flexural strength is tested according to ASTM D-790. Table 2 contains the
results of physical testing of these samples.
10 The results show superior retention of flexural strength for thermosets
made using primary diol-extended polyetherester resins (Exampies 1-3)

compared with that of a thermoset made using a propylene glycol-capped

polyetherester resin (Comparative Example 4).

15 EXAMPLES 7-12

Preparation of Epoxy-Extended Polyetherester Resins
and Thermosets from the Resins

A twelve-liter reactor equipped with mechanical stirrer, thermocouple,
nitrogen sparger, and overhead condenser is charged with a 2000 mol. wt.
20 polyoxypropylene diol (5440 g) and maleic anhydride (2560 g). The mixture
is heated to 60~-80°C to melt the anhydride. A solution of p~toluenesulfonic
acid (6.0 g) in water (470 g) is added. The mixture is heated to 190°C over
2 h. The mixture is heated for 12-14 h at 190°C, and the acid number

drops to 90-105 mg KOH/g. This intermediate is an acid—terminated

- I8 -
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5 Mv Mh = 6. 62. COVPARATI VE EXAMPLE
4 Preparation of a Propylene dycol -Capped Pol yet herester
Resin A twelve-liter reactor equipped as in Exanple 1 is

charged with 3000 nol. wt. polyoxypropylene triol ( d
mal ei c anhydri%&(é%?%gsz g). The m xture is heated to g%?g‘r’ﬁo&%?o
nmelt the anhydr}] L.on ~f D= . tal sulfonic acid (7.7 Q)
in water (494 @O%F%thég%fegé%ﬂﬁt g?]et'ﬁg‘ttgfﬁﬁg?ﬁdﬁwe' fromthe reaction of
wat er and mal eic an ' | e [ ' [el
heated to 190[err] c%#@%ﬁﬁ&d@%@ ﬁ\gi?ér%gg%‘ssﬁggﬁ eaf ?8?" Efqh%"ﬂfgl) ﬁat
190[ err] C, and, he_aci r, draps .to .13 . o
Propyl ene gl ycd]as(e%%ﬁf' &eﬂgg@&ag@% gﬁ%aﬂéﬁél%& Wﬁ@s’sﬂeﬁ%ﬁgﬂﬁ?& for
anot-her 5 h. The acid nunher drops to 5 K ~ Ih esulting .
propyl ene gl ychf g%?%&%b@ﬁﬁ!‘ﬁﬁ@?ﬁ@? g&gitﬂgi’%@daggﬁé’é@ﬂj HYBFR%H”W? h
20" " ncht 1 cdDTliidRaadR, and IomonrelSGHTRY TRuAkeast Sogan. ‘The |
20 neat re . ) & mi =5 { St 33U gDin.

The results of Exanples 1-3 and Conparative Exanple 4 show that

si gni fi cant chdeauling shainoaxtepded polyatheregtenresinpis eraied i 310+12Q76ed. Note
the much | ower wei ght average nol ecul ar wei ght of the resin of Conparative

Exanpl e 4 conpdientied with shieng 5% resinueentaininghi-bubdeatechnl (E42mprysand 3.
-16 -

methyl-t~butylthydroquinone (430 ppm), and is cooled quickly to room
temperature.

10 The polystherester resins are diluted to 40 or 50% styrene (see Tal;le
3) and are cured ﬁsing 0.12 wt.% of cobalt naphthenate solution (6% Co
naphthenate in minerat spirits} and 1.2 wt.% of LUPERSOL DDMS9 initiator
{methyi ethyl ketone peroxide, product of Atochem) at room temperature
overnight, followed by a post~cure at 100°C for 5 h. Properties of the cured

15 thermosets appear in Table 3. Results of water-boil testing of these
thermosets appear in Table 4.

The resuits in Table 3 show generally higher tensile and flexural
strength for thermosets made from the epoxy-extended polyetherester
resins (at a lower maleic anhydride level) compared with the strength

20 properties of a thermoset made using a propylene glycol-capped
polyetherester resin. As Table 4 shows, flexural strength retention is also

much better in the epoxy-extended system.

-19 -
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EXAMPLE 5 Preparation of Pol yetherester Thernosets from Primary
Di al - Ext ended Resins 5 The
resin/styren of Exanples 1-3 and Conparative Exanple 4 are
fornul ated i 47%3?‘%& herester thernosets as follows. The FPCTEP97/00631

resin/styrene blend is combined at roomtenperature wth cobalt

napht henate and nethyl ethyl ketone peroxide (MEKP) to give a cured
t hernoset. The thernpbset is post- cult ed at 1OOCfor 5 h. Physical 10
properties of the thernbsets appear

Preparation of Epoxy-Extended Polyetherester Resins
and Thermosets from the Resins

1 The procedure of Examples 7-12 is generally followed. The reactor
| is charged with 2000 mol. wt. polyoxypropylene diol (5525 g) and maleic
anhydride (2975 g). The mixture is heated to 60-80°C to melit the
anhydride. A solution of p-toluenesulfonic acid (8.5 g) in water (546 g) is
added. The mixture is heated to 190°C over 2 h. The mixture is heated for
10 13 h at 190°C, and the acid number drops to 98 mg KOH/g. This :

intermediate is an acid—terminated polyetherester resin. The mixture is
cooled to 160°C.

EPON 828 epoxy resin (10-40 wt.%) that has been preheated to
100°C is added, and the mixture is heated at 150°C for 3 to 4 h until the acid

15 number drops 1o 20-65 mg KOH/g (the more epoxy resin, the lower the acid
number). The resin is combined with styrene and stabilizers as described
above.

The epoxy-extended polyetherester resins are diluted to 50% styrene
and are cured as described above. Properties of the cured thermosets

20 appear in Table 5. Results of water~boil testing of these thermosets appear
in Table 6.

The results generally show the effect of increasing the wt.% of epoxy
resin from 10 to 40 wt.%. Note, in Table 5, the increase in Mw/Mn of the
resin, and the increase in tensile and flexural strengths of the thermosets.

25 The properties of thermosets derived from the epoxy-extended

- 20 -



- 17 - [err] WD 97/ 31965
"PCT/ EP97/ 00631 EXAMPLE 6
Wat er Resistance of Pol yetherester Thernosets: Six-Day Water Boil Test

Five standardvgﬁﬁgﬁgl strength test specinens (4" x 1/2" X 3cSmepoibosst
cl ear cast polyetherester thernoset are imrersed In distilled water in a

5 seal ed 9@§§&P@&e§%i@%§re¢§%§§gﬁ%%€9{e‘? thad tid¥e & ntﬂé‘%nt%h

e
speci nens -are mthe water, and w ped dry. The

sanpl es are We.hgf‘ﬁmgfe.%ti, which use£8Pr éﬁéigfyeélt—rﬁghgtgﬁ ppgﬁﬁ{égéégw npt h of

i \d
renoval fromt exur according to

these sampi es. Tais ® SRBNE, Abulsyengn rotentciy 3 e lerBiRs iEind BRbnP

flexural strength for thernosets made using primry diol-extended
pol yet her est er EXE8ARd SYBE| o5 1-3) conpared with that of a

t her noset. made using a propyl ene gl ycol - capped pol yet herester
resin (Cénparative Exanpl e 4). 15

EXAMPLES 7-12
EXAMPLES 18-20

Preparation of Epoxy~-Extended Polyetherester Resins
and Themmosets from the Resins

A five-liter reactor equipped as described in Exampies 7-12 is

10 charged with 2000 mol. wt. polyoxypropylene diol (2470 g) and maleic
anhydride (1330 g). The mixture is heated to 60-80°C to melt the
anhydride. p-Toluenesulfonic acid (1.14 g) is added. The mixture is heated
to 190°C over 2 h. The mixture is heated for 25 h at 190°C, and the acid
number drops to 119 mg KOH/g. This intermediate is an acid—terminated

15 polyetherester resin. The mixture is cooled to 160°C.

EPON 828 epoxy resin (10-20 wt.%) that has been preheated to
100°C is added, and the mixiure is heated at 150°C for 1.5 to 2 h until the
acid number drops to 60-80 mg KOH/g. The resin is combined with styrene
and stabilizers as described above.

20 The epoxy-extended polyetherester resins are diluted to 50% styrene
and are cured as described above. Properties of the cured thermosets
appear in Table 7. Resuits of water-boll testing of these thermosets appear
in Table 8.

The results again amply demonstrate the advantages of epoxy—

25 extended polyetherester resins compared with a conventional propylene

-21 -
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.Preparation of Epoxy-Extended Pol yet herester Resins-

and Thernosets fromthe Resins A twelve-liter reactor

equi pped with nechanical stirrer, thernocouple, ni trogen sparger,
and over head _condenser is charged with a 2000 nol. w. 20 _

pol yoxypr opy ER&APH (5440 g) and nal ei ¢ anhydride (2560 g)PCHERETRPIE ure

Is heated to 60-8[err]C,to |t the anhydrde. A solution of
p-t ol uenesul f&%ﬂ?@uﬂa ed p%&%’pqeﬁg_rgeﬁl?. in water (470 g) is added. The

m xture is heated to 190[err] C over 2 h. The mxture is heated for
12-14 h at 190[err]C, and the acid nunber drops to 90-105 ny

KOH g. This internediate is an acid-term nated WO 97/ 31965
PCT/ EP97/ 00631 pol yet her est EEXAMELE 2TThe mixture is cooled to
160[err] C. EPON 828 epoxy resin (15-20 wt.% product of

Shel | Chenical) that Preparation ochans Eposy-Extendad BalyetherestpeRebib i s added,
and the smi xture is heated at 1Z0deFhgrdoset from the Resin2 to 5 h until the
aci d nunber -drops to 35-50 ng KOH g. Hydroqui none 5 (0.70 g) is
added, and the m x{utwelve-litdr reaetdr Bquipped lasaddsctibedimExdmples 7-12 is

resul ti ng chai n-extended pol yetherester resin is cooled to 110-1 20[err]C,

bl ended with shar 2000 enolnivt. g ciypiopyisnebdibly {6680 &) epid inafkic ppn) and
met hyl -t - but yl hydr oqui none (430 ppm), and is cooled quickly to room

tenperature. ghRydride (3400 g). THEmpaLdcka8sd & 60580°CStoahEltdhe Ut ed to 40 or
50% styrene (see Tabl e 3) and are cured using 0.12 w.% of cobalt

176", heL b T Menentoic i tPBU) W ulh (YT o ke ) o1
10 The mixture is heated to 180°C over 2 h. The mixture is heated for 15 h at
190°C, and the acid number drops to 80-120 mg KOH/g. This intermediate
is an acid-terminated polystherester resin. The mixture is cooled to 160°C.

EPON 828 epoxy resin (20 wt.%) that has been preheated to 100°C is
added, and the mixture is heated at 150°C for 4 h until the acid number

15 drops to 45 mg KOH/g. The resin is combined with styrene and stabilizers
as described above.

The‘epoxy-—extended polyetherester resin is diluted to 50% styrene
and is cured as described above. Comparative Example 22 is a thermoset
made from a commercial iso resin. Comparative Example 23 is a thermoset

20 made from a commercial vinyl ester resin. Properties of cured thermosets
and results of water—boil testing of these thermosets, including 5% aqueous
HCJ and KOH boil test resuits, appear in Table 9.

The results show that thermosets made from epoxy-extended

polyetherester resins exhibit much better resistance to hot, aqueous base

25 compared with a conventional iso resin system (normally considered a

- 22 -
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(methyl ethyl ketone peroxide, product of Atochenm) at room tenperature
overnight, followed by a post-cure at 100[err]C for 5 h. Properties of the

cured 15 t hernosets appear in Table 3. Results of water-boil testing
of these é%er nosets appear in Table 4. BSHo0631
results in TaBY@*%¥%Row general ly higher tensile and fl exural PCTE

sLrengLh Tor {Hetal oy S0 WBAR e ULGRICH 1L Sk s

resins (at a | ower mal el c anhy conpar e g

Bglosg{ thiarGZs? ]:ar %@gﬁ%ﬂﬁi@%ﬁg #é%@%%ﬁ%ﬁ%‘?@%? ﬁﬁ%ggg%ﬁ—on Is al so

Mo better i B R e ntes oSt By8tEm is unharmed.  In addition, the

PCT/ EP97/ 0031 . . . . EXAWFLES -17
Preparation of "eSRICERIRAILSS ebihpthrEPessis of g jygntion fival those ot the

and Thernosets fromthe Resins 5 The procedure of Exanples
7-12 is gener afSrereXResRie Viny esteresi system. is charged with 2000 nol .
wt. pol yoxypropyl ene diol (5525 g) and naleic anhydride (2975 Q).

The m xture is heated to 60-80[err]Cto nelt the
EXAMPLES 24-27
Preparation of Polyetherester Thermosets by Co-curing Polyetherester
Resin, Epoxy resin, and Vinyl Monomer

10 A polyetherester resin is prepared as described previously from a
2000 mol. wi. polyoxypropylene diol, maleic anhydride (20 wt.%), and p-
toluenesulfonic acid (0.2 wt.%). The polyetherester resin (125 parts),
styrene {68 parts), EPON 828 resin (amount shown in Table 10), benzoyi

15 peroxide (2.5 parts), tert-butylperbenzoate (0.9 parts), and 2-ethyl—4-
methylimidazole (catalyst for epoxy resin curing, amount shown in Table 10)
are combined, poured into a mold, and cured ovemnight at 55°C, then post-
cured for 2 h at 75°C, 2 h at 105°C, 2 h at 135°C, and 4 h at 150°C.
Physical properties appear in Table 10.

20 The results show how tensile and flexural strength properties increase

with the amount of epoxy resin extender.

EXAMPLES 28-30

Preparation of Polyetherester Thermosets by Co—curing Polyetherester
25 Resin, Epoxy resin, and Vinyl Monomer

A polyetherester resin is prepared as described previously from a

-23 -
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anhydride. A solution of p-toluenesulftonic acid (8.5 g) in water (546 Q)
i's added. The m xture is heated to 1900C over 2 h. The mxture is
heat ed for 10 13 h at 190[err]C, and the acid nunber drops to 98 ngy

KOH g. This intermediate is an acid-term nated pol r
resin. The m%Par&*f% cool ed to 160C. %)}g%’%&‘ﬁszs
100C i s

i - 40 . O h h b . h d .
B <o {80 Tott o¥ oShelaB SRR bt o5 e B
- h i he | h
I g T G R %Ea 8 R SBI SA R P L

as descri bed ab%e. . The epoxy- ext ended
pol yet her est et Styfeng, dhg; negincblend, EBGN 898 gpsin (0-20 Wt.%, rpguat shawh ed as
descri bed above. Pr oggrti es of the cured thernosets appear in Table

20
5. Resul ts of imdable Boicrbalt saphijepate (18 Wbl difpsibybaniipe 4.3 wi.%), and in

Tabl e 6. The results generally show the effect of
i ncreasisSng t hanathyloetbyl ketone peroxide (1.5 maSkhafer combiredpparedtints a doald, i n
Table 5, the increase in MV Vn of the resin, and the increase in

tensil e and f laegwunéd st ronmg témpefatutecfor 1624 e then pa&t—curedforSpt aperti es of
t hernosets derived fromthe epoxy-extended

- 20- 100°C. Phgsied! SropeRies appear in Table 11. Resuits of water--boil
PCT/ EP97/ 00631 pol yet herester resins are significantly greater

than those of tédlingasfithése samples also appeanmSFabie Wi CICampsrisanisaipnpies e
gl ycol -capped pol yet herester resin. As
with commercial iso resin and vinyl ester resin-based thermosets are
10 included.
The preceding examples are meant only as Illustrations; the following

claims define the scope of the invention.



Tabl e 6 shows,
epoxy-
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fl exural
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t he Resins
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VD 97/ 31965
PCT/ EP97/ 00631

gl ycol - capped pol yet herester

resin.

EXAMPLE 21 Preparati on of an Epoxy- Ext ended
Pol yet her ester [ 5 and Thernpset fromthe
Resin ‘%09735?%9 A twelve-liter reactor equi pped as dedi it
Exanpl es 7-fEZ TS [  Jchprged W ] 2000 nol. wt. pol yoxypropyl ene di ol
(6600 g) -and mal piLC c a hyoridf (3400 g). The mxture is heated to
60-80[err]@ to nel he anhyjiri de. p- Tol uenesul fonic acid (7.5 g)
and water (f56 g) Qe added. | 10 he m xture is heated to 190[err]C
over 2 h. The m K ey e ? "-‘- 15¢ h at - 190[err]C, and the
aci d nunberj drops 8 @P0- 120 "ng HOH |g. hIS I nternediate s an
aci d-terni rptgd p&f &} herdst g rlesijn. frhe mixture is cooled to 160[err]C.
EPON 828 efpky rest €{ 20 vt %} t Hat |has§ been preheated to 100[err]C Is
added, and | xturge is jhedted at] 159P[err]C for 4 h until the acid nunmber
15 droge .l o B5 ny| KOT]g. Ing rgsi Lis conbi ned with styrene and
stabilizerq =« s Bps dgscrfi bdd gbovie. The epoxy- ext ended
polyetheref & rest B} s di|l utled Jt o |50% st yrene and is cured as
descri bed gpbeye. %?E?arativ% Exqule 2% is a thernoset made from a
commercial § v rlegd E)rmamatg\;emﬁxa ble 23 is a thernoset 20 made
froma comjeesi I&?@b&l eqterf rgsinf. Hroperties of cured thernosets
and resultd & %@15,4 boi | |tedtirg ({f these thernosets, including 5% aqueous
HCl and KOH fipi I Test resultq, gppgqar gn Table 9.
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The results show that thernosets nade from epoxy-extended
pol yet herester resins exhibit nmuch better resistance to hot, aqueous base

25 conpared with a conventional iso resin system (normally considered a
-22 - wo 9731965 VO 97/ 31965 . . PCT/EP97/00631
PCT/ EP97/ 00632 ~corrosion-resistant” svstem . \Wile the surface of
the iso resi les s . . __ sifgniff i qant|l y jdeg ¥ by aqueous base
treatnent, "tifat of{ the [e@oByZ| &1 2| S{eXt|eRded [pB |yet hef ester resin system
i s unharned. §fln additidnic EnE| @ ¥ ¥ r 8di Stlafide™dr operg i es of the
t.her noset s off the }i nvent+en—rveit—tHosqg—oft—tHe—15 pr e- expensi ve vinyl
ester resin gystem : .=l ol ol vl ~] & @ EXAMPLES 24- 27
Preparati on d§f Pol yet herfsﬁeﬂ Taqragset sm'tyro(Eo quedijng Pd] yet her est er
Resin, Epoxy fresin, and %i ny¥{Vbjomgr—40" | ~f | I\ pol yet herester
resin is pregared |as dgse+-bed—pHeviHodsyt—gH- I 2000 nol. w.
pol yoxypr opyljlene di ol , mal i g fanliydrdi dg¢ (40 wt. 9%, fand
tol uenesul fofic adid (4.2 §ts5PS|1Be Bl FdtBdr&dt drf resith (125 parts),
styrene (68 flarts)l, EPGN 8®8“desiin (armjunt] sfowd in Tabw 10), benzoyl 15
per oxi de (2. artisys tlert-putyt ger genqoage (0. 9 part sag and 2-et hyt-4-
met hyl i m daz@l & ( dawal \¥st O Rk rqgi L curi,n.d,,,ermugt shown in Table 10)
are conbined} Bourleg irjto 13} Ehd2¢uRddRqvBrinEght &tf 550C, then post -
cured for 2 | & 'S,E, 2 h At josferq]cl 2th 3t 35[err§ and 4.h at
150[err]C. f 2 et
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Physical properties appear in Table 10. 20 The results show

how tensil e and flexural strength properties increase with the
anount of epoxy resin extender. _

EXAMPLES 28- Preparati on of Pol yetherester Thernosets by

Co- curi ng Polagigtyﬁ@gggt er 25 Resi n, EPSXFPYA8Y  and

Vi nyl Mononfffr 1 7 AW oL A AmaL s S resin is prepared as

descri bed-p isly from a

.23 - 5 E)0 P7/ 319¢5 ;

PCT/ EP97/ 00 c ] 3p00jnmok. . |polyokypfopylene triol, maleic
anhydri de ( qg,g and{ p- ol Jengsufoni c acid (0.1 wm.%. The
pol yet her es§er 3%%’ S bIRhdRy B B B & W . % styrene. The resin

bl end, EPONI 828 [e@i%| (0t 20{wt { % j anpunf showf in Table 8), cobalt
napht henat efl ¢9. 5{ug ¥4, Hirpethyl [an|lipe (0. w%, and 5 net hyl

et hyl - ket ong @er pXi (115 m. 99 hrejcopbi hedf poured into a nold,

5

erptufe for]| 16} 24| h,{ thgn post-cured for 5 h at

and cured af Toomte
100[err] C. t%si Cal Py OpErvfesjfappear 11 Tabl B 11. Results of water-boil
testing of fl®se [es al po pppgar}in] Tapl ef 11. Conparison exanpl es

wi th conmer}

ig.l

esip ahd Vinyl pster yesfn-based thernosets are 10

i ncl uded. { The arefed ngl exfanp§ es are neant only as
illTustratiof WiPeo| o] «1 | @™ Pefine the scope of the
i nvention. f§ Qlojala]ata
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Table 4, Physical Properties of Polyetherester Thermosets after £-D
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1. A process for nmaking a chain-extended pol yetherester resin useful” in

"hi gh-performance thernosets, said process conpri sing: (a) reacting a
pol yet her polyol with a dicarboxylic acid or anhydride in the presence of

an insertion_catal yst to produce an acid-term nated pol yetherester resin,;

and (B‘jo?@&§iﬁ ng the polyetherester resin with an ext BAHEF708¢3ct ed

frompri %\yﬁj ol s and di epoxy conpounds to produce the chai n-extended

pol yet her “resin. 2. The process according to claim1 wherein

t he pol yether polyol has,an _averagqe. hydroxyl, K functionality, of out 2 to
about 6, a hydrofAroResHEr 'B?k"é%&f{?‘% e#@wy%grﬁermrgyséﬁhl% nunmber
average nol ecul ar wei ght of about 400 to about 12, 000. 3. The
process dhightharfarmapee thamasets,feidpiecest comPisinger pol yol is a

pol yoxypropyl ene diol or triol having a nunber average nol ecul ar wei ght of
about 1000 arfd) dBactingia@olyether polyd withha digasbexdicscidiey aphydride i tiens 1 to
3 wherein the insertion catalyst is selected fromlLewis acids, protic

aci ds t hgresence of grkinsedion catalysbiooprodoce an dacidrdetiningtad polyéthiehaster ot i ¢

aci ds. 5. The process of any one of clains 1 to 4 wherein the
ext ender resinpangri mary di ol and the resulting chai n-extended pol yet herester
resin has Mv Wh of at | east about 5. 6. The process of any one of

claims 1 to 5 (pheaeatting the polyethdmsteryesin with BRlextehdsr sedoted edni pamanye
group consisting of ethylene glycol, 2-nethyl-1, 3-
-36 - diols and diepoxy compounds to produce the chain-extended polyetherester
resin.
2. The process according to claim 1 wherein the polyether polyol has an
average hydroxyl functionality of about 2 to about 6, a hydroxyl number of about 28
to about 260 mg KOH/g, and a number average molecular weight of about 400 to
about 12,000,
3. The process of claim 1 or claim 2 wherein the polyether polyol is a
polyoxypropyiens diol or triol having a number average molecular weight of about
1000 and about 4000. |
4. The process of any one of claims 1 to 3 wherein the insertion catalyst is
selected from Lewis acids, protic acids that have a pKa less than about 0, and
metal salts of the protic acids.
5. The process of any one of claims 1 to 4 wherein the extender is a
primary diol and the resuiting chain~extended polyetherester resin has Mw/Mn of at
least about 5.

8. The process of any one of claims 1 to 5§ wherein the extender is a

primary diot selected from the group consisting of ethylene glycol, 2-methyi-1,3-

-36-
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[err] WO 97/ 31965
- PCT/ EP97/ 00631 propanedi ol , neopentyl glycol, diethylene glycol,
triethylene glycol, 1,4-butanediol, 1,6-hexanediol,

1, 4- cycl ohexa anol, and 1, 4- benzenedi net hanol .
Wodh 3
2 dr

process of any on clains t to 4 wherein the extender is a diepoxy
conpound agdp rahadibﬁwobenm gtyaomd@mﬁmglyﬂel teéthelenatgiyed e unbiRmediol, MV Mh

of at |east about : . The process of any one of claims 1 to 4 or

claim?7 V‘hfbﬂhaxéﬁédi&xﬁWl%élohéﬁwﬁ—aﬂh&hﬁhoﬁaﬁﬂgﬂ ¥chéhdenthidssthanol. 9.

The process of any one of clains 1 to 8 wherein the acid-term nated

pol yet herester Fosthib fibtedofhyloRbBPEIaINL UMios WIRréATAE derth?l 210 0

about 200 rocess accor to any one o clalnB 1

to 9, addi i ”cXm o %hﬁ'tﬂ& esultin ﬁ EH BSI St8 es”r??\gsa

ponethereFP RO havrﬁ?r‘rt% b |y &h A

free-radi Cﬁllw/Mrllx' g#%'&é)arﬁt%oglggduce the hi gh perfor mance pol yet her est er
) r

t her noset . §s according to any one of clainms 1 to 9
wherein step (b), is.. .nodified and c | se CO-curin

pol yet her est er ?ﬂesf‘ﬁeﬂcf‘??sa ‘&WI" ﬁ%@l"s ﬁa‘)gnm elzim £ Jeherein é’@t%ﬂ ’F‘?%Tm
the group caonsistin primary diols and di epoxy conpounds in the
presence o‘F%&s %Qi%‘dwﬁ &fat or to produce the

9. The process of any one of claims 1 to 8 wherein the acid-terminated
polyetherester resin_ has an acid number within the range of about 40 to about 200
mg KOH/g. '

10. A process according to any one of claims 1 to 9, additionally
comprising:

reacting the chain—extended polyetherester resin with a vinyl monomer in
the presence of a free-radical initiator to produce the high—performance
polyetherester thermoset.

11. A process according to any one of claims 1 to 9 wherein step (b) is .
modified and comprisés:

co~curing the polyetherester resin with a viny! monomer and an

extender selected from the group consisting of primary diols and diepoxy
compounds in the presence of a free—radicat initiator to produce the
high—performance polyetherester thermoset.

12. The process of claim 10 or 11 wherein the vinyl monomer is styrene.

13. The process of any one of claims 10 to 12 wherein from about 35 to

-37 -

) 0 I



hi gh- per f ormance pol yet herester thernoset. 12. The process of clai m

10 or 11 wherein the vinyl nonomer is styrene. 13. The process of
any one of clainms 10 to 12 wherein from about 35 to
-37 - [err WO 97/ 31965

PCT/ EP97/ 0063YC ZBBHT 75 wt. % of the pol yetherester ther moseFCHEFPY®EY [ om

one of - ol 3ol 7eovEe SRR SN e Ribes deriyes IR dSTRBRIhe

pol yet her es‘te Eﬁhér noset derives fromthe vinyl nononer. 15. The
process 0‘?°¥1?F§7e e ai ns 10 to 14 wherein fromabout 1 to about 30

wt. % of the po\hgeirp‘erest er thernoset derives fromthe_extender.
The process of MinyngPreressf any eng ebciaims 10 1o d3wherein framabritay to

pol yetherester resin has an acid nunber within the range of about 40 to
about 20@bayy 68 %. of the polyethereaterthgrmaset defivesEopothgaimd renamet. her noset
made by the process of any one of clains 10 to 16. 18 The thernoset
of claim 17 halg.ndhe proesssxafranygere ofclaims 90 tgrndawbereirhfrom athoutt’ ©0%
following a 6-day water boil test. _
about 30 wt.% of the polyetherester thermoset derives from the extender.
16. The process of any of claims 10 to 15 wherein the acid-terminated
polyetherester resin has an acid number within the range of about 40 to about 200
mg KOH/g.
| 17. A high—performance polyetherester thermoset made by the process of
any one of claims 10 to 16,
18. The thermoset of claim 17 having a flex strength retention greater than
about 70% following a 6-day water boil test.
19. The thermoset of claim 17 or 18 having a higher DTUL compared with a

thermoset made in the absence of the extender.
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19. The thernoset of claim 17 or 18 having a higher DTUL conpared w th CGFY
t hernbset nmade In the absence of the extender.
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