WD 99/ 15574 PCT/ EP98/ 05423 PROCESS FOR MAKI NG DI CYCLOPENTADI ENE
POLYETHERESTER RESINS FIELD OF THE | NVENTI ON The invention relates to

pol yet herest er resins nmade by insertion of a carboxylic aci i ve
into a po|yﬁ?%%P5“|n particular, the invention relates to 295 oégégﬁéor
maki ng di cycl opent adi ene-nodi fi ed pol yetherester 5 resins. Resins of the
i nvention are valuable internediates for making polyetherester thernosets
useful in the unsaturated polyester industry. BACKGROUND OF THE | NVENTI ON
Recently, we described new processes for making pol yetherester 10 resins
from pol yethers (see U S. Pat. Nos. 5,319,006, 5,436,313, and 5, 436, 314,

and Appl. Ser. No. O 9 j , ch process, a
pol yet her reacts w t?@@?% %O&Wlﬁﬁgggﬁéﬁiﬁdlgﬁl d, or a diol
diester in the presence of apQLYSPHERESTERRESINS The anhydride,

di carboxylic acid, or diol diester inserts randomy into carbon-oxygen 15

bonds of the polyether to generate ester bonds in the resulting

pol yet herester resin. The pol in-i-5,then conmbined with a

vi nyl nononer, preferably sty?@#if?ﬁﬁEﬁnggﬁ#@H U0 produce a

pol yet her est er t heTh@ffientib:®Ydiateatd @dlyefictbster asdislsmaaeibydnsertiba dfess  than
about 0, and netal salts thereof are effective insertion catalysts. 20 The

i nsertion proaesshpuyliciadiskderivadivaamioea pakyethars dn ipagticwar, the myrBtioRany
uni que pol yetherester interpediates.. More recentl e Ser. No.
08/ 608, 379, fTES BPIREEYS ,mg}fi%gbc_%%e%?ﬁ@ﬁ‘&' s RSB ERer echnol ogy
by develgpi ngrésir&f.OR%%&sf@frthe”iﬁ{iéﬁ‘t%H”'hE&;vﬂﬁn'éB% RSeRedsabhehaghgr resins.

These hi gh-performance 25 resins are nade by chain extending a

pol yet her est epolyetherestentherinpseisnsafiliionhe wnsatusatedipwyesteli iodustry.a di epoxy
compound. The hi gh WO 99/ 15574 PCT/ EP98/ 05423 2 perfornmance resins give
thernosets with i nproved hi gh-tenperature performance, better tensile and

flex properties, and enhapged k8% SUANSE Tﬁ@ll@gﬁf?@{g?”ti ons. -

solutions--particularly aqueous acid and caustic
Recently, we described new processes for making polyetherester

10 resins from polyethers (see U.S. Pat. Nos. 5,319,006, 5,436,313, and
5,436,314, and Appl. Ser. No. 08/619,059, filed March 20, 1996). In each
process, a polyether reacts with a cyclic anhydride, a dicarboxylic acid,
or a diol diester in the presence of an "insertion" catalyst. The anhydride,
dicarboxylic acid, or diol diester inserts randomly into carbon-oxygen

15 bonds of the polyether to generate ester bonds in the resulting
polyetherester resin. The polyetherester resin is then combined with a
vinyl monomer, preferably styrene, and is cured to produce a
polyetherester thermoset. Lewis acids, protic acids having a pKa less
than about 0, and metal salts thereof are effective insertion catalysts.

20 The insertion process provides a valuable and versatile way to make
many unique polyetherester intermediates.

‘ More recently (see Appl. Ser. No. 08/608,379, filed February 28,
1996), we extended the insertion technology by developing a process for
making high-performance polyetherester resins. These high-performance

25 resins are made by chain extending a polyetherester resin (made by

insertion) with a primary diol or a diepoxy compound. The high-



conpared with those made using the earlier polyetherester resins. 5

Mor eover, reaction of polyetherester resins with primary diols or diepoxy
conpounds provides a way to reduce the acid nunber of the regsj ci ng
the acid ndB&Y157* a pol yetherester resin by reacting it mﬁ?ﬁhgmgﬁﬁgg or
epoxy conpound can have undesirabl e consequences. Mol ecul ar wei ght can
increase dramatically fromchain extension of the 10 resin, resulting in
resins with increased viscosities and aptered physical properties.
Preferably, the acid nunber of polyetherester resins could be reduced

wi t hout si gnipédermianceC Feuigd Reve fiseridsees lwith WﬁFgmed Nighctemigaratuse ot her
physi cal properties of the resin. A nore crucial concern, however, is
reactivity cop@fagmanca: beltrrdengle aml Bex propesitse and @nhancediresietagaaydri de,

e.g.) into resins promotes good ..cyring and good thernoset pr ties.
Hovever, ¢ oo RSl TomartichiataRatgovdry aufertsts solione-

Pol yet her est egorhpateds withafHdseUhiddey usiiRs the dairlidre BoRetirbal | pesidsom
unsat urated anhydrides |ike malelic anhydride, cah (like unsaturated

pol yest e r esMosdovenrreattion ofgmilyktherdstar resinstvath piitan20iots o digporpnoner to
make a thernoset. Rapid curing can rgrenerate excessi ve heat, .which can
cause t her nosEABPEYGHPIYIdeS, @AWY tgredycr ke aglg mumisiAfithe resifess heat can

def th . .
Ul tured mar bl 6 varray g deiEnitiy 4 DR BRFiSer (i BRI BICh Reat

i s generat ed witl iangly€sirdrrgpoky cdmpbiugidocdn hiee BHEsirdipe opsehudricest he vanity
top can shrink excessiv_eI%/ or crack. One renedy is to reduce the anount of
mal ei ¢ anhydrMeteauaraveight ean inscearfedramnatically frosachaiatedensinp@fitie (e. g.

Phe amolii. of hub Codlas s sy Wik BedaRel i o EN e ARIs0 ARG cur V ng.

Unf or t unat el yprobBhiesaReRASHly GRB RHVRIRBEYof pdRRAErdsh rBSingiceald & operti es
of thernposets nade fromthe resins. Conparative Exanple 10 bel ow

il lustrates triedupedblitbout Sohi§cantlytchanging theonelephtahaeight avikgelityder r educes

resin reactivi s .shown by a reduced 5 peak exotherm tenperature) but
Gotract s fr ordihREPRESER RiApaTeRior The Fesin

A more crucial concern, however, is reactivity control. Introducing

15 ester content (from maleic anhydride, e.g.) into resins promotes good

curing and good thermoset properties. However, too much unsaturation

can make a resin too reactive. Polyetherester resins, particularly those

derived principally from unsaturated anhydrides like maleic anhydride,

can (like unsaturated polyester resins) cure too rapidly when reacted with

20 a vinyl monomer to make a thermoset. Rapid curing can generate

excessive heat, which can cause thermosets to shrink, warp, or crack.

Additionally, excess heat can even deform the molds used to make the

thermosets. For example, when a cultured marble vanity top is made

from a too-reactive resin, enough heat is generated during curing to

25 distort the mold. Upon cooling, the vanity top can shrink excessively or
crack.

One remedy is to reduce the amount of maleic anhydride used or

to include more of a saturated anhydride (e.g., phthalic anhydride) in the

resin, since this reduces resin reactivity and the amount of heat



properties. Preferably, resin reactivity could be controlled w thout
significantly affecting resin or thernoset properties.

Di cycl open i -nodi fied pol yester resins (hereinafter ca y D

pol yest er §@§¥ﬁ§5$ are well known. As those skilled in the g#fﬂp%gggg
appreci ate, the structure of these resins varies considerably dependi ng
upon the conditions under which they are made. For exanple, acid- catal yzed
addition reactions (of carboxylic acidépnd hydr oxy groups to the

nor e-reactive carbon-carbon doubl e bond of dicycl opentadi ene) prevail at

reaction te S ut |l C j 15
cycl opent adi ng%éo}tﬁﬁo%ﬁﬁlgg%@@l Slgrﬁﬁgpaal ditﬁso%éﬁ@raggoéngnngtgg g{e&]i gher
t enper at ur es impaet tHedphgsizap peopsified/Rfetherripseisc middenfrBroties sesigs. (1976)
235. Thus, a variety of_ DCPD pol yester resins can be made sinmply b

: P ] Si I y
varying the CuBpamive &xaanple fidcbelowriliéstiates dhe prefip@ndBulbsiitulingin i ni ng of

botyest er - sysPHEBR AARE iloes Bl reroRYiyl 8 ThRtkle S8R e wicn
t he one smade pykacR6PeRSS tdpfiteld) "Bstt defradls! fren ttherReEE physiedred

following an initial polyesterification. An advantage of conventional DCPD
pol yest er regrogerties! oWretesably, Irasiaddadtivity ¢dudd ebe exintrollgdnwithblily of f er

| ow vi scosit equat e, physi cal 5 properties, and good curing and
surface pr opéigﬂa'fdéf?% wr??f(?F{}églé‘F%FﬁrWPWM'%sets f rom DCPD pol yest er
resins tend to beg; i PN | 0§ T e?r% or water
resistance. In sunql%ﬁéepﬁ %lsetnfgyrh%%ﬂggg dn%&&gggg%lﬂgzgﬁg I omé}gc\éélte%?esi ns
that have t NeCAD ipotyestat regirfsdc arep wei ekriowradvantiagesskileditPhealtyest er WO
99/ 15574 PCT/ EP98/ 05423 4 resins and also have the flexibility, toughness,
and wat'€r redPpfegiele Hie sipgtyea pkthesedesips yarss Fepsidsyably depenging A
val uabl e pro u Y |- LNS-\W trolled
ﬁgéﬁst‘?%né(quogﬁones ullu(%Y' \%lcﬁb@% 'arﬁr%o'ﬁ"?é!ﬁt ,thég?ar%gl?e a%&—

nol ecul ar we Vi scosities. t7l art e"process woul d of fer
resin pr OdUC@ét‘aly”ﬂéﬂﬁadmiﬁrfr@bcﬁbf@(&gé%k?ﬁd&ﬁ@th'hty?dro%ytgr@@p'é_fbtfh'e' m nate
thernoset part cracking and nold distortion caused by excessive heat
gener ati on dindrageacivencarbandaron double hsinidesf ditedepentadiensyeseudili | e
mai ntaining g i af | eyl e 2l Hdits Shout 150°C, while cracking of DCPD to

15 cyclopentadiene followed by Diels-Alder additions predominate at higher

temperatures. See, for example, W. Meyer, Hydrocarbon Processing

(1976) 235. Thus, a variety of DCPD polyester resins can be made
simply by varying the reaction temperature. Structure also depends on
the timing of the DCPD addition. Charging all of the DCPD at the start of
20 the polyester synthesis produces a distinctly different product compared
with the one made by a process in which most or all of the DCPD is
added following an initial polyesterification.
An advantage of conventional DCPD polyester resins is low cost.
In addition, these resins generally offer low viscosity, adequate physical
25 properties, and good curing and surface properties. Unfortunately,
however, thermosets from DCPD polyester resins tend to be relatively
brittle, lack toughness, and have poor water resistance.
in sum, the industry needs new ways to make low-cost resins that

have the curing and surface-property advantages of DCPD polyester



physi cal properties. 10 SUMVARY OF THE | NVENTI ON Thi s invention provides a
| ow- cost way to nodul ate the reactivity and acid nunber of polyetherester
t hernoset resins, |n particular, the invention is a proces ,ng a
di cycl opent@@?@iﬁy‘t DCPD) - nodi fi ed pol yetherester resin (hefpéTzéang@grngal | ed
"DCPD pol yetherester resin"). 15 The invention includes "beginning" and
"end" nethods for nmaking the resin. The "begi nning" nethod conprises
first. heating a polyether, DCPD, a digl, an insertion catalyst, and a
carboxylic acid derivative at a tenperature within the range of about 25C
to about 160GdsthsPaAd R RavdTthd féBbiifakoGeHHedsNank atBPragiéfanEe Jfat al yst,
and a DCPD-di ol diester 20 adduct. The carboxylic acid derivative is an
anhydri de or polgéthardsteniesins raadel by Msertiomt &l ygluabldipsbcelsewosrld giveused
instead of the m xture of di.ol d arboxylic acid derivative. . The
reaction m xBGWéa?‘g'W”H@?rH%%{F%H’%Btcoagrﬁ['%‘ﬁB%"ect%ﬁfd%?'ﬁgt&r%n IB¢7518%he range
of about 120 about ic { i Qe

i nsertion of q'yllg?gt 1b's m&?gﬁgﬁfﬂeﬁgséwg‘%%”rggﬁipﬁ{’% ca%ﬁg)ﬁ%gg%@%gnds of
the pol y®t herrelsin peactivite. at Wil einlivgtehtieanbest pesicrackihg dnu emdld on

i ncludes an "end" nethod for nmaking a DCPD pol yetherester resin. This

net hod conpr i distPriieratcanged Moryesssdre heat denseationodudnrg Auyisg, aaddita

per/ Epba 05433018 et et by e SRS ok et at B foaset 1 on
effective to pifspEpPopsragst i on of the carboxylic acid derivative into

car bon- oxygen ‘bonds of the polyether to produce a pol yet herester resin.
The polyetherester resin is then heated with DCPD at a tenperature within

resin. Riditional Ty, the i nouRtARY e UaedRYEREREs for Making & DoPD
pol yet her est er 1 ey, Jigati ey BEED ANowRRLYE! BBt e RiOMASYR)

DCPD- pol yet her adduct. the adduct 1 n t'he presence of a
car boxyl i c acant deid nanbgeof polygthardster therardsex yésins.adn gpartosulat, dhe di est er)

/1

invention is a process for making a dicyclopentadiene (DCPD)-modified

polyetherester resin (hereinafter called “DCPD polyetherester resin”).

15 The invention includes “beginning” and “end” methods for making the

resin. The “beginning” method comprises first heating a polyether,

DCPD, a diol, an insertion catalyst, and a carboxylic acid derivative at a

temperature within the range of about 25°C to about 160°C to produce a

mixture that contains the polyether, catalyst, and a DCPD-diol diester

20 adduct. The carboxylic acid derivative is an anhydride or a dicarboxylic

acid. Alternately, a diol diester is used instead of the mixture of diol and

carboxylic acid derivative. The reaction mixture is then heated at a higher

temperature within the range of about 120°C to about 300°C under

conditions effective to promote insertion of the DCPD-diol diester adduct

25 into carbon-oxygen bonds of the polyether to produce a DCPD
polyetherester resin.

The invention includes an “end” method for making a DCPD

polyetherester resin. This method comprises heating a polyether, an

insertion catalyst, and a carboxylic acid derivative at a temperature within



and an insertion catal yst gives a DCPD pol yetherester resin. The invention
i ncl udes resins nade by the processes described above. In addition, the

i nvention includes thernosets derived from polyner bl ends

conbi ni ng MEEPUSSBE the invention with DCPD 15 pol yester rggfﬁlf%’.%-‘ﬁ‘?
process of the invention offers surprising and val uabl e advantages. Mbst

i nportant, the process gives resin producers nore control over resin
reactivity, elimnates problens causedsgyy excessive heat generation during
curing, and offers these advantages while 20 rmaintaining a high | evel of

thernoset phygé ¢ghg®oPREbhLt §30°C b a8t BORC LiRGer LovvEfidnPBIf8BRARl &5 t he
preparation of | ow acid-nunber polyetherester resins that also have | ow

mol ecul ar weipgbmetairsdriion of St sathoylic Bgid deatjver iatd cgrdoDPDygere process

gi ves | ow cost ther ets with good surface propertiges. Resins.nmade by the
process offe Oﬁ‘ﬁéxﬁggtf‘édpg ef® t RrodyCenar H‘BB’ st ntEshar ﬁr&' arly

those that usephandsicdledilR inslWoafy W BFDOPHAL, RARRL BRI SHA tHeesi ns.

Finally, the on o ene or par ar end uses; for

exanpl e 5 t he ramyeof aissutoleC to aboutn30CaoprofiucbtDCRD palydtheresten ty t ops
i nproved toughness and nore control over resin curing. WO 99/15574
PCT/ EP98/ 05428SIN6 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The process of the

i nvention includes, i_nni.ng" "end” t f ' %EB

pol yet herest er _re?fdr@%g]ﬁﬂy’ttﬁg 'm\geg'gf)ﬂﬁ&ﬂlddegg p?r@?%@d@@{%é)gt er,B DCPD, a
diol, an i nseolycAReredict! i8in bpMbaAingabPry lang D%gpcqyaﬁér Y&tpr¥€udd & heated to
forma m xture ‘of polyether, catalyst and a D-di ol diester adduct.

Heat i ng t hi s DERDwpalyethen addylbr IHeatirg dheraddyst dnothes pressscei oh aof t he

D00 i O eShe oS 5] kb eL S B . P oM e st
oL o b S TR Rl YTBL O P SLaRLig Rl S Such o5,
pol yet hers have oXywl ikyestien ircheids esinssmad©-by-thei proshssas dedmibeldr om
above. In addition, the invention includes thermosets derived from
polymer blends made by combining resins of the invention with DCPD
15 polyester resins.

The process of the invention offers surprising and valuable
advantages. Most important, the process gives resin producers more
control over resin reactivity, eliminates problems caused by excessive
heat generation during curing, and offers these advantages while

20 maintaining a high level of thermoset physical properties. In addition, the
invention enables the preparation of low-acid-number polyetherester
resins that also have low molecular weights and low viscosities. By
incorporating DCPD, the process gives low-cost thermosets with good
surface properties. Resins made by the process offer unexpected

25 benefits in thermoset systems, particularly those that use blends of the
subject resins and DCPD polyester resins. Finally, the invention offers
benefits for particular end uses; for example, the invention offers
formulators of cultured marble vanity tops improved toughness and more

control over resin curing.



2 to 10 carbon atons, preferably from2 to 4 carbon atons. The 15

pol yethers can have different end groups, dependi ng upon how t he

pol yet hers_are made or nodified. For exanple, the polyether

hydr oxyl , S5 her, acid, or amino end groups, or the |F§3&P§?X£‘23
conbi nations thereof. Mxtures of different types of polyethers can be
used. 20 Preferred polyethers for use in the process of the invention are
pol yet her polyols. Suitable polyether $olyols include, for exanple,

pol yoxypropyl ene pol yols, pol yoxyethyl ene pol yol s, ethyl ene oxi de-

propyl ene oxi de copol ynmers, polytetranethyl ene ether glycols, and the

i ke, and m xtures thereof. Ty[gi cal lE'(’ t he pol yol s have average hydroxyl 25
functionalities from BEJAILEDRESERIPTHONL TrﬁﬁrﬂéVEWé@é’ge nol ecul ar

wei ghts from about—250 to abaut, 25, 000,. Pr. d et he ol yal.s have
an average hydr oxyTr_‘Ef LB{B??%?‘ngl%lit{‘? \’Pvivgﬁp%#t'ﬁé%é gQEQW‘Mu%nQ t%](a about 6,
a hydroxyl numBffodd fohiMakiRg HEPYE pBlyelhadbtelFebinsabpiithe? &kgianing® g, and
a nunber average nol ecul ar Wwei ght w t'hin the range of about 99/ 15574
PCT/ EP983 054 2Bethpd4a@oalyetizdro DCPI2, 0000}, apdnsertianh aatajyshr aridea cathayyéc

pol yoxypropyl ene diools and triqls_having a nunbe vera | ecul ar wei ght
from about 10%?(531‘1@“’%%‘{%?@4 ?8@ﬁ%rfn @%ﬂﬁﬁ-’rgsor}b@Pliy i?raﬁgghgcgla&/”&% appear
in US Pat. _ / Qﬁ@ i L i I ed herein
by refer ence.[bgplg @?g%gggg?ggpgﬁeﬂlss C pnﬁr;éspﬁ%tg ?%@ﬁé?@%e%fé gr ades of
DCPD cont ai n pronwtesimsertion ¢ffthd 3T PDadibodiestapatdticttiato W palyater tgr ade of
DCPD shoul d general | % be suitable for nmaking DCPD pol yet herester resins,

t he parti cul &ivgeddePRerelpethemstee@sit.esults is left to the discretion of

heated 1 2 Prenparabarnsts s Iian Sk P58 i Een SR e RSkt BEoc "
preferably fé@d%aw&e&@iﬁgtdbwtpolﬁﬂ&izﬁm P Sdyché edtReabklichragn about

80C to about 130C, to forma ure that contains the polyether,
cat al yst, anceepaxiddEPbxdtasiesdorsiaoes agnidithe like, ard mixtutest thee¢af. | DV r eact i on

E:?Eg;;} :JLe;icqlcgyeitngr%rI‘gaiv%nox?/gﬁ(?/le%gtregggtudriits'?a—t(gﬂA— E‘new ic?mlA F\gg rto?n w th the
2 to 10 carbon atoms, preferably from 2 to 4 carbon atoms. The

15 polyethers can have different end groups, depending upon how the
polyethers are made or modified. For example, the polyether can have
hydroxyl, ester, ether, acid, or amino end groups, or the like, or
combinations thereof. Mixtures of different types of polyethers can be
used.

20 Preferred polyethers for use in the process of the invention are
polyether polyols. Suitable polyether polyols include, for example,
polyoxypropylene polyols, polyoxyethylene polyols, ethylene oxide-
propylene oxide copolymers, polytetramethylene ether glycols, and the
like, and mixtures thereof. Typically, the polyols have average hydroxy!

25 functionalities from 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 within the range of about 2 to
about 6, a hydroxyl number within the range of about 28 to about 260 mg

KOH/g, and a number average molecular weight within the range of about



derivative to give a diol diester. The diol diester is generated in situ.
In an alternative nethod, a diol diester is used instead of the diol and

carboxylic g ‘ 85% rivative. Either way, the diol diester %%P%&SQBDCPD

to give a di ester adduct. The adduct results fro Ionof 20
carboxylic acid groups of the diol diester to the nore-reactive carbon-
carbon doubl e bond of DCPD (see the W Meyer article referenced above).
When the diol diester is generated in situ fromthe reaction of a diol and
a carboxylic acid derivative, it is p?eferred to use at |east about 2

ol €8 of car Do uaf! 060 | PalticRaPbraBinéd e doBloxyBReindR: di ol

di ester adduct is then héated at a er tenperat'uré within the range of
about 120C tGanaikmclsHﬁW@apusﬂmrabésagefmolecalaoutelglﬂﬁmmababbm)OOZ&DC and

nost preferably from about to_about 200C, in the B-HPS, nce of the
pol yet her an@PoH54Pe- oQtWt%a@%ﬂ'eS ohaeitakle pealsARPRAT I8 atoNBr onot e

i nsertion of i /: / / cadduct
into carbon- &%%86% thAQrﬂhiéBPwpyet%% 'A?ogé'f oga-(l?g?%ﬁl%%? ggﬁyet her est er
resin. Bxanples S Giogclépbstagignes R calptertrily cavblilabld. | WAbstagmdeseof

"begi nning" nethod. Preferred diols are C2-C30 diols including, for

exanpl e, et hydERPB contginysiinor prewyiteeé hydyessrborliimphyitiese \Yhjleany

(ii grg%lpgggdl%éggo b@g&bhyl engdr o%é?v?ggelyol t rlﬁﬂ%@il {; &%col 'DCPD

1, 4-but anedi @lojy éh&e@@@@@iﬂboﬂhe Harﬂc&lﬁf‘ ﬁéb%dhé’@iéﬁb@best results is left

1, 3-cycl ohexanedl met hanol , bi sphenol A, “bi sphenol F, al koxyl at ed
bi sphenol s, dmthe dtscretioa ofhe skilletdyregson.her eof . Suitabl e diols al so include

10 Iow Iecul ar vvel | ess than, or equal t about 0 al kyl ene
diols s¥ch as pol Q’brt Eyl %ﬁ@rﬁ”%c@e@% ﬂsore@p e REE WE%)@a%‘Jn@?%I yc)cl)l S.
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be sat ur at ed from absat80°attehboley80IC:' analnhuﬁrprd%sablyz&irmabautrB®°I®etoanhydr| de
functionali ty within a ring. Exanples include phthalic anhydride and naleic

anhydri de. " Shout 33 tcafmgma midsre gt goptaing the pelyethies, eatalystiand on, but
mey contain arB&E’td-glorl 'd%%?er a%(a%nP AR this relatively low reaction temperature,

15 insertion does not occur. Rather, the diol reacts with the carboxylic acid
derivative to give a diol diester. The diol diester is generated in situ. In
an alternative method, a diol diester is used instead of the diol and
carboxylic acid derivative. Either way, the diol diester reacts with DCPD
to give a DCPD-diol diester adduct. The adduct results from addition of

20 carboxylic acid groups of the diol diester to the more-reactive carbon-
carbon double bond of DCPD (see the W. Meyer article referenced
above). When the diol diester is generated in situ from the reaction of a
diol and a carboxylic acid derivative, it is preferred to use at least about
2 moles of carboxylic acid derivative per mole of diol.

25 The DCPD-diol diester adduct is then heated at a higher
temperature within the range of about 120°C to about 300°C, preferably
from about 150°C to about 250°C, and most preferably from about 180°C
to about 200°C, in the presence of the polyether and insertion catalyst

under conditions effective to promote insertion of the DCPD-diol diester



i nclude phthalic anhydride, propionic anhydride, trinmellitic anhydride, and
succi ni ¢ anhydri de. "Unsaturated" anhydrides contain ethylenic 20
unsaturatign that becones incorporated into the polyetheres j

Mal ei ¢ anhyﬁ?ﬁﬁgsys an exanple. Qher exanples of suitable %ﬁﬁ@%ﬁ?be%3
appear in U S. Pat. No. 5,436,313, the teachings of which are incorporated
herein by reference. Dicarboxylic acids useful in the process are saturated
or 25 unsaturated. Preferred dicarboxykic acids are |linear, branched, or
cyclic C3 C40 aliphatic dicarboxylic aCids and Cs C40 aronmatic

di carboxyl i c agigst intdC¥aMenEsxygRal BRIk ﬂ%cpcﬂgétﬂer E@h?ddhc%cé Bheppcci nic
acid, isophthalic acid, and the Iike, and m xtures thereof. Additional
exanpl es of spolyatieresi®r aesins5 ExarHIEEPD &rab82BeloW dsemrabex yllabde ai ds
appear in U S, Pat. No. 5,6 436,314, the teachings of which are incorporated
herein by ref BHehate thasbegipniiondeetisdve, a diol diester can be used in the

herein by ref kel héeriiBsve
combi nation. Dol PE Aol AlrnPu ol SoP SR, AERE e s

of about52 noggsolpprapytard glgcsindigthyiahe yWedl, dibeogyldnaglyeootricthdlent. The
diol diesters have two internal ester units, and two carboxylic acid end
groups that reyapk tfipepylenenglyspknl.dgerepangdioty2methgnhydrroaanedial.t abl e

diol di de . jn oth 1k hose skiljed in th
art. For exanpraretigtan 48 Bkt B heRRreat I P re GBIl  acid or
reacted wth @,@—é&@l&lé@ﬂ%@ﬁnethﬁﬁﬁﬁvstghbh@l Oyl HER Ol Ot GlkSxyTEREH

convenient. Preferred diol diesters ave the general formula:
R- (- 02C- R - C(2ispBendls, ard thie liRej andintintumdsehere@?. SBlakikldjdls atsoandldgl noi ety

derived froma diol, . 15 and is a bivalent C2 al kyl or aryl noiety
deri ved1‘5r om Q%@@‘Q%'%W@?ti (gg_s tgn PhBAWAIP AL %8@} EO&Q?‘W@?’P%%m CZ C30
di ol s, incl udgng, r I

di et hyl ene gl g@% S,chiapsr@g@@h@engb%%%c%cggﬁkﬁagﬁéﬂg%g%ﬁj,eqtgﬁb%ksopyI ene
glycol, 2-nethyl - 1S@itaslepaatdixglic adi¢opemiativeg! jrohlde larhyiritdesednadl ,

1, 6- hexanedi ol , 1, 4-benzenedi net hanol, 20 1, 4-cycl ohexanedi net hanol ,
bi sphenol A, ®icapixybe acidsd kdymalridgs useful in ‘the process are cyclic

anhydrides, which may be saturated or unsaturated. "Cyclic" anhydrides

15 contain the anhydride functionality within a ring. Examples include

phthalic anhydride and maleic anhydride. "Saturated" anhydrides contain

no ethylenic unsaturation, but may contain aromatic rings. Examples

include phthalic anhydride, propionic anhydride, trimellitic anhydride, and

succinic anhydride.  "Unsaturated" anhydrides contain ethylenic

20 unsaturation that becomes incorporated into the polyetherester resin.

Maleic anhydride is an example. Other examples of suitable anhydrides

appear in U.S. Pat. No. 5,436,313, the teachings of which are
incorporated herein by reference.

Dicarboxylic acids useful in the process are saturated or

25 unsaturated. Preferred dicarboxylic acids are linear, branched, or cyclic

C,-C,, aliphatic dicarboxylic acids and C4-C,, aromatic dicarboxylic acids.

Examples include adipic acid, maleic acid, succinic acid, isophthalic acid,

and the like, and mixtures thereof. Additional examples of suitable



bi sphenols, and the |like, and m xtures thereof. Preferred cyclic

anhydri des fromwhich the diol diesters derive are saturated or

unsaturated C4 C20 cyclic anhydrides such as mal ei ¢ anhydri de LC
anhydri de, YP4¥5t anhydride, citraconic anhydride, and th§TPW@§%B§hé 25
m xtures thereof. Suitable diol diesters include reaction products of about
2 noles of a cyclic anhydride and about 1 nole of a DCPD ether that has a
hydroxyl functionality of at |east 2. These DCPD et hers include, for
exanpl e, the nono-DCPD ethers of glycerol and trinethyl ol propane. WO

msert the DBV e godk e TS RNl S R M ahe g PG B 1O

"insertion cahlchsdre'inédrpotdted hehsin by eVerensey described for inserting
anhydri des, dicarboxylic acids, and diol diesters into polyethers. They

i ncl ude Lewi s aci dAsExplgined-abrves adtioldiester canhe ureshindbs "beginning”aci ds
that h Ka.l h £ O Pt ol Lf oni G aci d
rotal oal te orei Rl ool ealidly afia G ERET Soh S, Bl P

used in gn angalter§iusefl iy thd ProRESSRIE rddttidhidreAuctelofdieuDeihbldsdf di ester
i nto carbon-oxygen bonds of the polyether to produce a DCPD pol yet herester

resin. Suitabéeycla athysiride avith atesit rlirbele, of E0dibbr Thexdioptiestars havgiw@at . Nos.
5,319, 006, 5,436,313, and.5,436,314, .the. te chiJl s of vvh{]ch ﬁrfe

i ncor por at ed WEeRhSBIET UBjtsr R VO SR ANYIiC A5 & 8?%"3?50% 1ESYH THBI udes an
"end" nethod § 1 '%:ﬁR I e E5] i onpri ses
two steps. Fi lﬁ@é ?thlhg%f;/et erh?%gﬁ%ﬁ@%r F :ug%b|gg%ﬁg|@g?t§ma§%ﬁf§b@§%gxgp iC

aci d deri vat i heothet waysdell kndbwand sndwedskilibeisin thié aetr Fax ekampée itds diacind di ol
diesters, are heated at a tenperature within the range of about 120C to
about 300C pean beastsrified with ashicarboxyic agd ssseactedavith amackoh@ids: ef er abl y

ineer cion of TRYVEnRRo YR e kemRR, SsPated fo] dieRit s

i nsertion of ati’ve i nto car bon- onds of

the pol yet herhhge #He gestarRrmuRp! yetherester resin. Synthesis of
pol yetherester resins as in this step is described, e.g., in US. Pat.

Nos. 5,319,006, 5,436,313, andR-5(485C3+R—CxH)eachi ngs of which are
| ncor porat ed lfr]1ev(/ﬁiic;\I F{)Pé argi]:/glregpgf-()so alky! or aralkyl moiety derived from a diol,
15 and R' is a bivalent C,-C,, alkyl or aryl moiety derived from a cyclic
anhydride. Suitable diol diesters derive from C,-C,, diols, including, for
example, ethylene glycol, propylene glycol, diethylene glycol, dipropylene
glycol, triethylene glycol, tripropylene glycol, 2-methyl-1,3-propanediol,
neopentyl glycol, 1,4-butanediol, 1,6-hexanediol, 1 4-benzenedimethanol,
20 1,4-cyclohexanedimethanol, bisphenol A, bisphenol F, alkoxylated
bisphenols, and the like, and mixtures thereof. Preferred cyclic
anhydrides from which the diol diesters derive are saturated or
unsaturated C,-C,, cyclic anhydrides such as maleic anhydride, phthalic
anhydride, itaconic anhydride, citraconic anhydride, and the like, and
25 mixtures thereof.
Suitable diol diesters include reaction products of about 2 moles
of a cyclic anhydride and about 1 mole of a DCPD ether that has a
hydroxy! functionality of at least 2. These DCPD ethers include, for

example, the mono-DCPD ethers of glycerol and trimethylolpropane.



The resulting resin is then heated with DCPD at a tenperature within the
range of about 100C to about 300C, preferably fromabout 120C to 25 about
250C, and more preferably from about 140C to about 180C, to _DCPD
pol yet her eXEYPe%i n. Exanpl es 1-4 bel ow (see also Table 1fcﬁz{ﬁ%g§§5§5fe t he
"end" nmethod. Optionally, a capping agent or chain extender is used in the
"end" nethod. The cappi ng agent or chain extender can be added prior to WO
99/ 15574 PCT/ EP98/ 05423 11 heating thelpol yetherester resin w th DCPD,
during the reaction of resin and DCPD, or after the reaction with DCPD is

conpl ete. The rol ergd “Eé;%nniﬁﬁpﬁilé’tﬂo&%ﬁé PEatalidt fo meepngerpceo-gigiont r ol

aci d nunber, regul ate | ectl ar wei ght, or nodify performance
char act eri st idiestef addect into the polgetheabl Suitadoppiingedigatatalysts’ @de tiye ycol s

havi ng a secondary hydr oxyl roup (e.d.., propyl.ene glycol),. Suitable
cappi ng agent@"es E@W'%'hé@scrw%t'ﬂﬁgmﬁgc%ﬁ'tféé‘gﬁ%uv&ﬁé'%ﬁ%h? PEESny dr oxyl
group (e.g., i {J . re I rolehng- LRl gt nt f
propyl ene gl y%ﬁd@f%ﬁéﬁ%@h@fq Bgygﬂ{;;érrg'pane i 0 fuv%%ﬂ%%%qégpf’azgpg chain
extenders i ncdilgBd&rzif@ byorhidedli prosic @ide thathhyé enpKgllysothan about 0

2-met hyl - 1, 3- propanedi ol , 1, 4-butanediol) and diepoxy conpounds (e.g.,
bi sphenol A cégg

ye-telyenestiifenic acitheand sgtalmaitg of the pretic arisls (/i @R&l |y uses

i hai der. In_thi d,, th i d
i £ Ehe el Tt BBt P in ahatBult PR ARRosiBE IS el cot o
resinis pr Odéfct%-Déﬁmpdié%léfﬂhﬂﬁéz@r%bﬂfo%y@%h?r%od&d@f B fuly&eer it hod

preferably incorporate fromabout 2 to about w.% nore preferably from
about 5 to girodtucea DEPDpmlyateenestarmgsinniSustatite catatysty ame @ERDbethe resins

preferaply have nunber ave e | ecul ar Lghts. w thin_t nge of about
500 to Hbout GbeBRBPepiLY ATty NPF i dBo0E. 58’8’@1%)@%@&4%;%‘@%%

Finally, the 4 Nt I e r :;rpé? D pol yetherester
resins from 6%8%6@9?%2%@ g%d@%?@@%ﬁ?%%@cbss él{(-:ég]rcr:pgrcrses first heating a
pol yet her and DCPDItd peoceespethatinventidrt intindeben “ead@etifodafoontaléC t o about

130C to form a DCPD- pol yet her adduct. Next, the DCPD- polyether adduct is
heated at a tlB&PE pelvetbelgsternasinge This method comprises two steps. First, a

polyether, an insertion catalyst, and a carboxylic acid derivative selected
15 from anhydrides, dicarboxylic acids, and diol diesters, are heated at a
temperature within the range of about 120°C to about 300°C, preferably
from about 140°C to about 250°C, and more preferably from about 150°C
to about 200°C, under conditions effective to promote insertion of the
carboxylic acid derivative into carbon-oxygen bonds of the polyether to
20 produce a polyetherester resin. Synthesis of polyetherester resins as in
this step is described, e.g., in U.S. Pat. Nos. 5,319,006, 5,436,313, and
5,436,314, the teachings of which are incorporated herein by reference.
The resulting resin is then heated with DCPD at a temperature within the
range of about 100°C to about 300°C, preferably from about 120°C to
25 about 250°C, and more preferably from about 140°C to about 180°C, to
produce a.DCPD polyetherester resin. Examples 1-4 below (see also

Table 1) illustrate the “end” method.
Optionally, a capping agent or chain extender is used in the “end”

method. The capping agent or chain extender can be added prior to



25 range of about 120C to about 300C in the presence of an insertion
catal yst and a carboxylic acid derivative selected fromthe group

consi sting_of anhydrides, dicarboxylic acids, and diol dies I
conditionsv@??%g§¥be to pronote insertion of the carboxylic&gﬁﬁ%g§§§?@ative
i nto carbon-oxygen bonds of the DCPD- pol yet her adduct to produce a WO
99/ 15574 PCT/ EP98/ 05423 12 DCPD pol yetherester resin. Optionally, the DCPD

pol yet herester resin is then heated with a cappi nhg agent or chai n extender
as described above. Generally, the DCPD pol yet herester resins nade by any

method 5 de%%'éiih@%é"@&:{égﬁﬂ%@te} PR Blifh ﬁé%rﬁ%{ﬁﬁqﬁérﬁgﬁ:ﬂﬁ 5 resin

pol yet herester resin y Insertion a neutrali1zed" by reaction

w th a cappi agd RDQPDX opaftehtheneasticandith DECPBfiecahipieter hienlerafithdy t he
process of the invention have acid nunbers |ess than about 60 rT{g KCH g,
and nore pr 6REPHIY fgeRker cham gxtendensts iy qeotioy ackhaugiier f69vlateyr oduce

venti on  noRalsEaliele ™ TP Tbdai sRoRRERRS SN re lRHEEP B Pefhy o
affect g esi ByUmRbRE Bhppinyeidhits iRQEHE JYEHORalihg aécohaanpagtiraxpysi cal

properties. The key advantage of the process of the invention is reactivity
control . DCPRrpa fethepepylane ghical. obuitakiei capping agents 8lsocNgliste | evel s

15 of ti ti dwt ified | yeth t ins.

The r educt i ol G HDISHEL ABNGRAITLONE FSRdairoD P i By e GBI 5. Al der
ddi ti f ' - doubl

bonds 11 the FaT SR Rorae O R S T rOP RO P Rt doubl @

fornul at ors dad-preparediciomth DICRDY. | Byitablefchbesextenperd iastudg, prirhary20
i nprovenent in curing control is achieve ile maintai ni ng ggod = thernoset

proper ti0es ( sids ﬁ%ﬁi,@tFMene:ﬂlaCQ\la%m@hwbbgm\?géz:i@diﬂl, i dabytappdipiandyi th t he
cerperat ure FIPo sobdidtffis S CBRBrB Rk SR e, on condi (1 ons.
Unnodi fied 25 pol yeicheegiirigT metitel sleosptibiaavsedaatappial hgentoi N excess
of 420F (see, e.g., Conparative Exanple 7 below). For sone applications,
chain extender. In this method, the resin is heated with the capping agent
or chain extender after the DCPD polyetherester resin is produced.

15 DCPD polyetherester resins made by either method preferably
incorporate from about 2 to about 30 wt.%, more preferably from about
5 to about 20 wt.% of recurring units derived from DCPD. The resins
preferably have number average molecular weights within the range of
about 500 to about 50,000, preferably from about 1000 to about 10,000.

20 Finally, the invention includes a process for making DCPD
polyetherester resins from DCPD-polyether adducts. This process
comprises first heating a polyether and DCPD at a temperature within the
range of about 60°C to about 130°C to form a DCPD-polyether adduct.

Next, the DCPD-polyether adduct is heated at a temperature within the

25 range of about 120°C to about 300°C in the presence of an insertion
catalyst and a carboxylic acid derivative selected from the group
consisting of anhydrides, dicarboxylic acids, and dio! diesters under

conditions effective to promote insertion of the carboxylic acid derivative

into carbon-oxygen bonds of the DCPD-polyether adduct to produce a



however, these resins are too reactive in curing with a vinyl nononer
(e.g., styrene). Aresin that is too reactive can danmage nol ds and can
give thernpset parts with cracks, shrinkage problens, or surf ts.
WO 99/ 1557 M98/ 05423 13 The process of the invention$g%§§P§§;€%e
preparation of resins that have |ower peak exotherns and correspondi ngly
nore-controlled curing properties. DCPD pol yetherester resins nade by the
process of the invention preferably haue peak exothernms within the range
of about 300F 5 to about 410F, nore preferably from about 350F to about

400F. As Ta i ap 2 S geiices the
reactivity o@?ﬁ? é@géﬁ?rﬁgﬁgﬁ'v?ﬁgn%gﬁ%ﬁgﬁﬁgrpn@?%]th?%:@esél 180C Cel
Test of | ess isithon4iited With anvapping ragent lorndsrmib@xzmidryad kesedbed resins
made by the 10 "begi nning"” and "end" nethods, thernoset polyners derived
fromthe redh®ye. and thernosets derived from bl ends of DCPD pol yet her est er

eacting a DOPD rBtoaene DETCPPATTERRE S Geirln MabReaNOheidy 10T Y
met hods 5 hat qieribd§ atRve HEVeVBW adid kibeds cBRigmee Wit pelyethesaster at ed

pol yester resins. Typically a resin mxture that contains vinyl nononer is
conbi ned wi t resinsfmade bwitisedion and hat ‘peutializes” byraactiqr with 8€@apng oom or

el evated tenperature,.and the mixture is cured fo, gjive a soli r oduct
Chet e b et o GRain Pt TRisarabive fesihs Mhd bRl af oSl s ore
Suitable vin i i = ' i Bbbi hSa KEHegPk are wel |
enown_i 1 1 ho vENIERAE RS AdfBeisaBLs Mad BbbuPbQiy RIIPEATEIS

t eachi ngs of psbferhblgriess tharoalpoutatSechgh€©Obl/g. Aher atdikty do peod (dwerdsins noset s

can incJude fillers, _glass fibers, pignments, or other ditives or
rei nford ng ﬁ»ﬂiféfqvmagldg B¥MBSFS iScaN adva @e?égtth@rpéowférﬂ@gsﬂw%r ed from

e ) piauss BRI P eI EE' e CAIPpidtd Gy AfreBh

comer ci al D~ "pol'yester resins. ( hese thernosets
exhi bit synergsiatrhélecitapRelght aesineigeating andttheirheset pimsieallproperiesher type

of resin alone. Strength properties (tensile strength, flex strength) of
t hermosets made  The key advantage of the process of the invention is reactivity
control. DCPD polyetherester resins of the invention have reduced levels
15 of reactive unsaturation compared with unmodified polyetherester resins.
The reduction in reactive unsaturation results primarily from Diels-Alder
addition of cyclopentadiene (generated from DCPD) to carbon-carbon
double bonds in the polyetherester chain. By reducing resin reactivity,
formulators can better control curing profiles. Importantly, the
20 improvement in curing control is achieved while maintaining good
thermoset properties (see Table 1).
One way to measure resin reactivity is with the SPI 180°C Gel
Test. This well-known test measures the peak exotherm temperature for
a resin under controlled curing reaction conditions. Unmodified
25 polyetherester resins commonly have peak exotherms in excess of 420°F
(see, e.g., Comparative Example 7 beiow). For some applications,
however, these resins are too reactive in curing with a vinyl monomer

(e.g., styrene). A resin that is too reactive can damage molds and can

give thermoset parts with cracks, shrinkage problems, or surface defects.



from bl ends of the DCPD pol yetherester resins and conmercial DCPD WO

99/ 15574 PCT/ EP98/ 05423 14 pol yester resins unexpectedly exceed those of

t hermosets_nade _from either unbl ended resin. Preferred the{;&)%ﬁs? g rive
fromresi "1 BaY* that contain fromabout 5 to about 95 wt: %% ® D
pol yet herester resin and fromabout 5 to about 95 wt.% of the DCPD

pol yester resin. 5 More preferred thernosets use fromabout 25 to about 75
wt. % of the DCPD polyetherester resiq and from about 25 to about 75 wt. %
of the DCPD polyester resin. Anong ot Rer end uses, resins of the invention

of fer signif imrocég%%égﬁ?erﬁﬁﬁ ridbidy tﬁé Cég?bg%%?io%ﬁ%?iréé’ink‘?l?ét havk thi's

application, resin reactivity 1s cri he resin Is too

reactive, théowet peakl exothetimdetnd msorraswbridingly anidrg-coofrottedicasrirensi |y,
shrinks, or has surface defects. As Exanples 13-14 and Conparative Exanple
15 bel ow showropedieas BEPD pelvethasasieseginsemagadhe tharresasst ehthe As shown

in Table 3, n | roduced from resing.of |.n i uire
o oneble 3 TR 9ty RV GO ER My B £ 069 8

i nprovement ith ARt UM 0RO Anofpfdferadh FbATSS0IS3 S FUb Rt a@oapd Al uabl e
advant age of DCPD pol yetherester resins of the invention. The foll ow ng

exanpl es ner dlaple 11 sbowat éncdrpoiativanof di-13vds® ofICPBdraducelsethart wi | |
recogni ze many variatjions that are within the spirit of _20 the.invention
o Scope of ANy 2 HE RelARNE SVEERPSHERIETTON eI BBee

Pol yet her est qfesBSFierzé Aixebye=|iter reactor equipped with nechanical
stirrer, nitrogen g sparge tube, and partial condenser is charged with

pol ypropyl ene gl yddile in¢@0sh imeludestDCPB2OAY glhepestenmsticmankyisly thee (3077
g). The mixture is heated at 75C until the anhydride nelts., Agitation
begi ns,10and ab@girninde angr ‘ghdt snefbpdsutitesmoseheplymers Tdejivednigom the

2 LN LS BB b3 Ml BBl Bty o heated
resins and DCPD polyester resins.
Thermosets of the invention are made by reacting a DCPD
polyetherester resin with a vinyl monomer according to methods that are
15 well known for making thermosets from unsaturated polyester resins.
Typically a resin mixture that contains vinyl monomer is combined with a
free-radical initiator and a cobalt promoter at room or elevated
temperature, and the mixture is cured to give a solid product that may be
post-cured if desired by heating at elevated temperature. Suitable viny!
20 monomers, free-radical initiators, and promoters are well known in the art.
Examples appear in U.S. Pat. No. 5,319,006, the teachings of which are
incorporated herein by reference. The thermosets can include fillers,
glass fibers, pigments, or other additives or reinforcing materials.
Of particular interest are thermosets prepared from mixtures of the
25 DCPD polyetherester resins of the invention and commercial DCPD
polyester resins. As Table 2 shows, these thermosets exhibit synergistic
properties compared with those‘ made from either type of resin alone.
Strength properties (tensile strength, flex strength) of thermosets made

from blends of the DCPD polyetherester resins and commercial DCPD



ni trogen begins, and the condenser jacket is filled with steamto
facilitate water renoval. Wien the acid nunber of the reaction m xture

di ps to 100 KOH g, nore 2-nethyl -1, 3-propanedi ol (474 g)_i When
the acid nWF?g’g’rlssﬂéaches 32 ng KOH g, the reaction tenperat u?éé%@gg?oggﬁced 5
to 170C, and the steamis shut off. Dicyclopentadiene (1200 g, 13. w.% 1is
added by dropping funnel over | h, and the reaction mxture is held at

170C for an additional 2 h. The final as:'hd nunber of the resin is 24 ny
KOH g. The resin is cooled and blended with 40 wt.% of inhibited styrene.

kavg. The coo ed W'
cobal t- napht hEaNES AR peEldM) ELpta M Ao BT eRe o™, 1

cured product eithXAlYRblended hésifr duetirred tferkosety derive fogerssirablendsol | owed,
except that only 15 1014 g (about 11 wt.% of di cg}cl opent adi ene i s used.
Final acid nuths$rcontzin figfn RERLYS5 tagbpet 95 WSeST g BT Peivsieerestal of t he

cured product ., .EXAMPLE 3."End' th ar. i ester
Resin 20 The bg%%@@ﬁfégorgfa%%ﬂoggqo@ggégﬁ%¥F@QF&%\%@{P%}%ﬁ]&ﬁie

fol | ow ng modifdregirefitfed Hat#R86tsOlisd ABN?AB8uPS to WhouPPb YA Bryfl tbiae
glycol, a 3000 nol. wt. polyoxypropylene triol (3422 g) is used. Propylene
gl ycol repl acCPD metysthedskermespaardiifom abhet 2hite iahbut Ravge’oodf theopyl ene

glycol (1193 |, added with the p-toluenesul fonic acid, while the 25
r emai nder (32&%%&%’?5&&&(({35% er the acid nunber dips to about 100 ngy

KOH g. Wen the aci d}gjﬁe r 5 ; b el i ifitgapoer at ure
is reduced to 170Cfo\q?an tmersggg%;éss’ Fsér?m% of .egmﬁkgg?:l opents‘z;aﬁdki1 ene (1200 g,

13 wt. 9% is addedntageddsccubteddemarblervarfynabs WOnotbisl 3ppHcaRoT, ESSIB/ 05423
16 acid nunber: 3 KOH g. Table 1 shows physical properties of the

cured prBduct FGW&W{;EE gitisairhdl Hieoeesiire top TERGWR eths Mol anrlisapng
fol | owed, excﬁg@;&@ién@é/van%%og ckati8 e%il)o/,‘)shﬂﬁk&g'o?%%E%BﬂQEQGE?&?s.' s used.

Final acid nu
As Examples 13-14 and Comparative Example 15 below show, resins of

the invention give tougher marble tops. As shown in Table 3, marble tops

produced from resins of the invention require about double the number

16 of cycles before failure occurs. The 100% improvement in vanity top

shock resistance is a surprising and valuable advantage of DCPD
polyetherester resins of the invention.

The following examples merely illustrate the invention. Those

skilled in the art will recognize many variations that are within the spirit of

20 the invention and scope of the claims.

EXAMPLE 1
“End” Method for Making a DCPD Polyetherester Resin
A twelve-liter reactor equipped with mechanical stirrer, nitrogen
25 sparge tube, and partial condenser is charged with polypropylene glycol
(2000 mol. wt., 3202 g).and maleic anhydride (3077 g). The mixture is
heated at 75°C until the anhydride melts. Agitation begins, and a mixture
of p-toluenesulfonic acid (7.7 g) and 2-methyl-1,3-propanediol (1413 g)

is added. The reaction mixture is heated to 190°C. A strong flow of



KCH g. TabI e 1 shows physical properties of the cured product. 10 EXAVPLE 5
- "Begi nni ng" Method for Making a DCPD Pol yet herester Resin A reactor

equi pped a nple 1 is charged with a 3000 nol. w. | ene

triol (3953”‘%?9/%% mal ei ¢ anhydride (2692 g). The mxture f@@%@% 75C
until the anhydride nelts. Agitation begins, and 15 a m xture of .

p-tol uenesul fonic acid (7.7 g) and propylene glycol (1044 g) is added. The

reaction mxture is heated to 125C. Digyclopentadiene (363 g, 4.3 wt.% is
added by dropping funnel over 1 h. The reaction mxture is heated at 125C

for another Natsger?Beling, Ao @RdRAsbRAGs fild 9ith sarhhe tadiitaé t r ogen

begi ns, and the condenser j acket 1s steamto facilitate
wat er renovalwatéheemoves. Hdheh hherdmfrmmrhbeheftheaeaa:tmm mixturewdigs i P30 to 90 ny

KOH g, nore pro e col (372 i s added. _ Wen a d n nber
reacﬁes 51 3 %ég’F‘%@%r?em hlﬂrhgﬁ?%%e EH&V&Q) '%?QH@@ yrene,

23%3“;?8(13& lrRE e e g K e RREEoR & ég%*u@“?‘???%ﬁ% Excont
that a 2000 rmol70°Gtandoible)siearnys smet «ff. yoie cle@rhté@%ﬁet(hEOG@Q%lml%)\M

pol yoxypr opyl ene WO 99/ 15574 PCT/ EP98/ 05423 17 triol. In addition, 439 g
(5.2 wt. 9% &% addeq by sepningiieme! pyeus &dant dbe eeactioshoiturehs dieid At

e o iy LR RBDEA A
prepare a poleHher ephe resifSisNcded rh'?rﬁf blé?ﬁje(i”@nth DEFRtRdES inidbitedn) - A 3000
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cured product.

EXAMPLE 2
The procedure of Example 1 is generally followed, except that only
15 1014 g (about 11 wt.%) of dicyclopentadiene is used. Final acid number:
22 mg KOH/g. Table 1 shows physical properties of the cured product.

EXAMPLE 3
“End” Method for Making a DCPD Polyetherester Resin
20 The procedure of Example 1 is generally followed, with the
following modifications. Instead of the 2000 mol. wt. polypropylene
glycol, a 3000 mol. wt. polyoxypropylene triol (3422 g) is used. Propylene
glycol replaces 2-methyl-1,3-propanediol. The initial charge of propylene
glycol (1193 g) is added with the p-toluenesulfonic acid, while the
25 remainder (320 g) is added after the acid number dips to about 100 mg
KOH/g. When the acid number reaches 53 mg KOH/g, the reaction
temperature is reduced to 170°C, and the steam is shut off.

Dicyclopentadiene (1200 g, 13 wt.%) is added as described earlier. Final



with styrene and cured as described in Exanple 1. Table 1 shows physi cal
properties of the cured products. 15 The results in Table 1 show (1) the

i mproved flexihility (especially the higher elongation) of made
from pol yeWﬁ’e%gé‘g?"ér resins conpared with DCPD pol yester reg{:ﬂ@?wz%ﬂstshe

good overal |l physical properties of thernosets from DCPD pol yet herester
resins; and (3) the 20 reduced peak exot herm val ues of DCPD pol yet herester
resins (conpared with the unnodified polyetherester resin, Conparative
Exanple 7), particularly when the "end® method is used to nake the DCPD

Caut pped w1 o Falrber L kORI, Tabk | PhguR s RS bR Lar 1

condenser i s cghsd geshueet h a pol yoxypropyl ene diol (3000 nol. wt., 3560 g),
mal ei ¢ anhydride (1932 g), and phthalic anhydride (1154 g). The mixture is
heated at 75C until the anhydride WO 99/15574 PCT/ EP98/ 05423 18 m xture

nmelts. Agitation begins, and a m XES@”B[F p-tol uenesul fonic acid (7.7 Q)
and propyl ene glycol (1045 g) is a A"PeRe reaction mixture is heated to

190C._ Agstrong i tigscLh iy diedaivie 31gsiaal iohodenl bkpt fatighy condenser

jacket to facilitate water renoval. he "aci d nunber the reaction

m xture di ps 332 d.@6 . /3 dicyclspentadiony issised| Kinal adi@ Almbgr: 4&napdded. Wien
the acid nunber reaches 30 ng KOH g, the reaction is stopped by reducing
the reacti on KQ@{er dabie1 showsahysige prepgriies af the axad Prof¥d.- st yrene (40

w.%, and is cured in the usual way to give a thernoset product. The
resin has an SPI CGel Test peak exotherm = 10 385F. Thernoset properties:
tensile strength = 5330 psi; tensile nodulus = 284 ksi; tensile elongation
= 7.9% flexural strength = 11.6 ksi; flexural nodulus = 323 ksi. This
exanpl d0shows that a saturated anhfXAMEBLEght halic anhydride) can be

oubst it ed T S0 Shot WRaTBA FRMBIY bEar Beflelfedyet e 1 havino @
A reactor equipped as in Example 1 is charged with a 3000 mol.
wt. polyoxypropylene triol (3956 g) and maleic anhydride (2692 g). The
mixture is heated at 75°C until the anhydride melts. Agitation begins, and
15 a mixture of p-toluenesulfonic acid (7.7 g) and propylene glycol (1044 g)
is added. The reaction mixture is heated to 125°C. Dicyclopentadiene
(363 g, 4.3 wt.%) is added by dropping funnel over 1 h. The reaction
mixture is heated at 125°C for another hour, and is then heated to 190°C.
A strong flow of nitrogen begins, and the condenser jacket is filled with
20 steam to facilitate water removal. When the acid number of the reaction
mixture dips to 90 mg KOH/g, more propylene glycol (372 g) is added.
When the acid number reaches 51 mg KOH/g, the resin product is
cooled, blended with styrene, and cured as described earlier. Table 1
shows physical properties of the cured product.
25
EXAMPLE 6
The procedure of Example 5 is followed, except that a 2000 mol.

wt. polypropylene glycol replaces the 3000 mol. wt. polyoxypropylene



commonly used to control reactivity of unsaturated pol yester resins.
However, as the exanple shows, this resin gives a thernoset having an
undesirabl e dip_in physical properties conpared with the regj om
only naleigmaﬁﬂﬁﬁwide (see Table 1, Conparative Exanple 7).§§@®E§%@E%ES 11
and 12 Thernosets from Bl ends of DCPD Pol yet herester Resins and DCPD

Pol yester Resins Table 2 shows the effect of bl ending DCPD pol yet herester
resins 25 of the invention with conmengially avail able DCPD pol yester
resins. All of the products are cured as described in Exanple 1. Exanple 3
uses a DCPDigpgl Mﬁtda%‘itﬁ)ﬂ,%grg? 2 vWia9s) &%ch&w&twehé% LB¥EN Tz
Conparati ve Exanpl e 8 uses a ‘conmerci al D polyester resin. Exanple 11
shows results! $haws phi€icalpropygriiesiaftihe chrexhproaucDCPD WO 99/ 15574

PCT/ EP98/ 05423 19 pol yetherester resin and the conmercial DCPD pol yester
resin. Exanple 12 shows a 25/75 blend of DCPD pol yetherester resin and the

commerci al DCPD pol yester regj I é)@& sical properties of the
cured products. 5 As Table Zés O%K%%Tﬁ\ér%msewg‘%zucts fromthe resin

bl ends sunexpect edfhe Gietifod BPAPPRISEreNsi De/6ADHd, eded Marsh 2engoB6conpar ed
wth thernosets fromthe unbl ended resins. EXAMPLES 13-14 and COVPARATI VE

EXAMPLE 15 TovWablowed: isdisesttoqrepared palyaiheregtariregintapinsartan (ip

f | at ed nared i Xi 100 f of €si
i ssol ved | naeoPanEsFohy’ A R ebR oSSR A FEREH 1 ner
spirits), O. %néléfct%rg'ﬁjri@é( BréuseP ngﬁgf ?(di&h@%%r 8e@RresiAng1 IPROH/gof BYK

A-980 (wetting agent) (products o yk Cheme). The marble mx 15 is

prepar ed fromabl® 1xons pHysical podEdardes pefiencurdd@rpdudts of cal ci um
carbonate (powdered Dol omtic |inestone, product of Speciality Mnerals),

3 partsoof titani um di oxi de (product of DuPont) and 8 parts of TRI GONOX 61

(product of Akzo Nobel). &g BARAVEGPRAREE FB8degng comrer ci al

Two commercially available DCPD polyester resins are combined

with styrene and cured as described in Example 1. Table 1 shows
physical properties of the cured products.
15
The results in Table 1 show: (1) the improved flexibility (especially
the higher elongation) of thermosets made from polyetherester resins
compared with DCPD polyester resins; (2) the good overall physical
properties of thermosets from DCPD polyetherester resins; and (3) the
20 reduced peak exotherm values of DCPD polyetherester resins (compared
with the unmodified polyetherester resin, Comparative Example 7),
particularly when the “end” method is used to make the DCPD

polyetherester resin.

25 COMPARATIVE EXAMPLE 10
A twelve-liter reactor'equipped with a mechanical stirrer, a nitrogen
sparge tube, and a partial condenser is charged with a polyoxypropylene
diol (3000 mol. wt., 3560 g), maleic anhydride (1932 g), and phthalic
anhydride (1154 g). The mixture is heated at 75°C until the anhydride



quality single-bow 22"x25" nolds. An hour or two before casting the 20
tops, the nolds are sprayed with a clear cultured narble gel coat (HK
Research Gl175) to ca. 25 m| wet filmthickness. Wen the '

only s|ight‘YR}9%’bséM/, the marble nix is poured in to fill thg%%hﬁg%%fz?er
filling, the nolds are vibrated to renove air. The tops gel in 25 to 30

m nutes, and the vanity top can be denolded in 2 to 3 hours. The conpl eted
tops 25 are allowed to post cure at 70Fgto 75F before thermal shock
testing. The tops are tested using the ANSI Z124.3 thermal shock test

met hod for Phﬁsa&.iecmbﬁg.ak\%ﬁhgg%Fgag_st, %@d ’S%:rm&ﬁr_eoéf ;ﬁ-&’cﬂbéﬁ?ée@fo‘;?gér %gae for

each sanple is reported | own in the ta e tops

produced fron{#ég)mndgropplenefydol(e045 ghisr aded. eThad oedctibounbdutehis nunber
of cycles before failure occurs. WO 99/15574 PCT/ EP98/ 05423 20 The 100%
i nprovenent i ReARIIR 198G simtang ritragen flpwi kegios, A0 $tgATLISI aPPligd\aNt age of

Cnvent  on Thet i SRBEHES TROR Y TeciliaR et e BRI OFef Blacid AShERry 'S
PCTI P08 05423 91 U ) O 0 e L N B8 I A P I Saim o N co
N V) CC) d rg)isladden. MVhen the-achd emberreached 30 m@KQiH/gLthegaactioni i M ' t
- MMag. M lj\s/ls(%opped by reducing the reaction temperature to 100°C. The resin is
blended with styrene (40 wt.%), and is cured in the usual way to give a
thermoset product. The resin has an SPI Gel Test peak exotherm =
10 385°F. Thermoset properties: tensile strength = 5330 psi; tensile modulus
= 284 ksi; tensile elongation = 7.9%; flexural strength = 11.6 ksi; flexural
modulus = 323 ksi.
This example shows that a saturated anhydride (phthalic
anhydride) can be substituted for some of the maleic anhydride to give a
15 resin having a peak exotherm in the desired range. This technique is also
commonly used to control reactivity of unsaturated polyester resins.
However, as the example shows, this resin gives a thermoset having an
undesirable dip in physical properties compared with the resin made from

only maleic anhydride (see Table 1, Comparative Example 7).

20
EXAMPLES 11 and 12
Thermosets from Blends of DCPD Polyetherester Resins
and DCPD Polyester Resins
Table 2 shows the effect of blending DCPD polyetherester resins
25 of the invention with commercially available DCPD polyester resins. All

of the products are cured as described in Example 1. Example 3 uses a
DCPD polyetherester resin made according to the invention.
Comparative Example 8 uses a commercial DCPD polyester resin.

Example 11 shows results from a 50/50 (by weight) blend of DCPD
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polyetherester resin and the commercial DCPD polyester resin. Example
12 shows a 25/75 blend of DCPD polyetherester resin and the
commercial DCPD polyester resin. Table 2 shows physical properties of
the cured products.

As Table 2 shows, thermoset products from the resin blends
unexpectedly give superior tensile and flexural strength compared with

thermosets from the unblended resins.

EXAMPLES 13-14 and COMPARATIVE EXAMPLE 15
Preparation of Cultured Marble Vanity Tops

A fully formulated marble resin is prepared by mixing 100 parts of
base resin dissolved in styrene with 0.2 parts of 6% cobalt naphthenate
(in mineral spirits), 0.2 parts of BYK A-555 (air release agent) and 1 part
of BYK A-980 (wetting agent) (products of Byk Chemie). The marble mix
is prepared from 100 parts of formulated resin, 300 parts of calcium
carbonate (powdered Dolomitic limestone, product of Speciality Minerals),
3 parts of titanium dioxide (product of DuPont) and 8 parts of TRIGONOX
61 (product of Akzo Nobel). The vanity tops are made in commercial
quality single-bowl 22"x25” molds. An hour or two before casting the
tops, the molds are sprayed with a clear cultured marble gel coat (HK
Research G1175) to ca. 25 mil wet film thickness. When the gel coat is
only slightly tacky, the marble mix is poured in to fill the mold. After filling,
the molds are vibrated to remove air. The tops gel in 25 to 30 minutes,
and the vanity top can be demolded in 2 to 3 hours. The completed tops
are allowed to post cure at 70°F to 75°F before thermal shock testing.
The tops are tested using the ANSI Z124.3 thermal shock test method for
plastic lavatories, and the number of cycles to failure for each sample is
reported in Table 3.

As shown in the table, marble tops produced from resins of the

invention require about double the number of cycles before failure occurs.
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The 100% improvement in shock resistance is a surprising and valuable
advantage of cultured marble products derived from DCPD polyetherester
resins of the invention

The preceding examples are meant only as illustrations; the

5 following claims define the scope of the invention.
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selected fromthe group consisting of anhydrides and dicarboxylic acids,
at a tenperature within the range of about 25C to about 160C to produce a
m xture that contains the polyether, catalyst, and a DCPD di gl i er
adduct; and"Q¥1Ftating the mixture at a higher tenperatur e%\ﬁ%ﬁﬁgg/‘)@%g
range of about 120C to about 300C under conditions effective to pronote
insertion of the DCPD-diol diester adduct into carbon-oxygen bonds of the
pol yether to produce a DCPD pol yetherester resin. 2. The process of claim
| wherein the DCPD pol yet herester resi rF* contains from about 2 to about 30
wt . % of recurring nitls.d_erived from DCPD. 3. The process of claiml
wherein the DCPD p fl8rester resin exhibits a peak exothermin the SPI

180F CGel Test withiq ARgodaaaghieh coalitises300F to about 410F. 4. The process
of claiml wherein the DCPD pol yetherester resin is heated with a capping
agent or a chain extend@). HeatingBQRrilyethey didyetopentadiers(DCRRNE dipl.t he

process of claiml. 6. A thernoset ich conprises the reaction product of
the resin of claimb5 and f%”ﬁﬂ“%&ﬁ@ﬁ? apd %C?M%QF' MRS pr i ses
the reaction product of a v RRENERSF dpheAFdELERET Si ng: WO
99/ 15574 PCT/ EP98/ 05423 25%‘%&?@%9%%@[@ ¢ allt)log?d G R e DD
pol yet herester resin of cl adicaboxpliladity, &t ateraperdtufe WwithiakdbatraBgewt . % of a

DCPD pol yester resin. 8. The thermgset of claim7 wherein the polyner
bl end conprises from aboutofabay 2856uto aiBowl 16Q°6f ta Reoducers MF{})’é?her ester

resin, and from about 25 tQ.abouL (3nMoiftert 8%aRSTBAY BePRbidies' n- 9

A process which conprises:
diester adduct; and

(b) heating the mixture at a higher temperature within the
range of about 120°C to about 300°C under conditions
effective to promote insertion of the DCPD-diol diester
adduct into carbon-oxygen bonds of the polyether to
produce a DCPD polyetherester resin.

2. The process of claim 1 wherein the DCPD polyetherester resin
contains from about 2 to about 30 wt.% of recurring units derived from
DCPD.

3. The process of claim 1 wherein the DCPD polyetherester resin
exhibits a peak exotherm in the SPI 180°F Gel Test within the range of
about 300°F to about 410°F.

4. The process of claim 1 wherein the DCPD polyetherester resin
is heated with a capping agent or a chain extender.

5. A DCPD polyetherester resin made by the process of claim 1.

6. A thermoset which comprises the reaction product of the resin
of claim 5 and a vinyl monomer.

7. A thermoset which comprises the reaction product of a vinyl

monomer and a polymer blend comprising:



(a) heating a polyether, dicyclopentadiene (DCPD), an insertion catalyst,
and a diol diester at a tenperature wthin the range of about 25C to about
160C to produce a mxture that contains the polyether, ca a
DCPD- di ol  YR&YErYadduct; and (b) heating the mixture at a ???5@?8“@99
tenperature within the range of about 120C to about 300C under conditions
effective to pronote insertion of the DCPD-diol diester adduct into

car bon- oxygen bonds of the polyether té)s produce a DCPD pol yet herester
resin. 10. The process of claim9 wherein the diol diester is the reaction

product of about 2 noles,of_ a cyglic hydri d L th gbout .1 f a DCPD
ether that has a hydrox@p fﬂﬂ%t%@?ﬁéﬁ i?&oo?BQPFI%SW'%{ éi*l.thel'gﬁbﬁ:p(;cess of
claim 10 wherein the DCPD ?dl&%’thé:%sﬁhﬁﬁfne&cléiﬁpm 4Me group consi sting of

gl ycerol nono-DCPD ether and ~ trinethyl ol propane nono-DCPD et her. 12. The
process of clai m9 wher(in ftdme abGRD5ol abeith &5ewt. % of @ HDGPDI politesteed with a

cappi ng agent or a chain extender. 13. A DCPD pol yetherester resin nmade by
the process of claim9. 1488t hernoset which conprises the reaction

e O e T ook ThalinGidl: LPCBR 73w i tggg)%i(ﬁ%rq{m 80fbrisdd

PCT/ EP98/ 05423 26 1 process Irch conpri eating a polyether,

an insertion fegrhadhyit 25a0cbout 78Ky b theddCEDpolyethicrastes edstat @ed f rom t he
group consisting of anhydrides, dicarboxylic acids, and diol diesters, at
a t enper at ur draMniahoyt 2Ad0 ehagk7s Wt sithe bﬁ@m@lm&rtresmc under

Gerivative into chr gbRESS M KARRIPENe "pol yet her to’ produce. a

pol yetherester resin; an§ (HhtiRgad ipdydther, R RIERESERE (DEPD), Vs h
insertion catalyst, and a diol diester at a temperature
within the range of about 25°C to about 160°C to
produce a mixture that contains the polyether,
catalyst, and a DCPD-diol diester adduct; and

(b) heating the mixture at a higher temperature within the

range of about 120°C to about 300°C under conditions
effective to promote insertion of the DCPD-diol diester
adduct into carbon-oxygen bonds of the polyether to
produce a DCPD polyetherester resin.

10. The process of claim 9 wherein the diol diester is the reaction
product of about 2 moles of a cyclic anhydride with about 1 mole of a
DCPD ether that has a hydroxyl functionality of at least 2.

11. The process of claim 10 wherein the DCPD ether is selected
from the group consisting of glycerol mono-DCPD ether and
trimethylolpropane mono-DCPD ether.

12. The process of claim 9 wherein the DCPD polyetherester resin
is heated with a capping agent or a chain extender.

13. A DCPD polyetherester resin made by the process of claim 9.

14. A thermoset which comprises the reaction product of the resin

of claim 13 and a vinyl monomer.



di cycl opent adi ene (DCPD) at a tenperature within the range of about 100C
to about 300C to produce a DCPD pol yetherester resin. 16. The process of
clai m 15 wherein the DCPD pol yetherester resin contains frg}%@g}g 4% to
about 30 wtY9eUt>ftcurring units derived from DCPD. 17. Th Y
claim15 wherein before, during, or after step (b), the polyetherester
resin is heated with a capping agent or a chain extender. 18. The process
of claim 15 wherein the DCPD pol yetherggter resin exhibits a peak exotherm
in the SPI 180F Gel Test within the range of about 300F to about 410F. 19.
A DCPD- nodi fi ed pokye ¥y .by the process of claim15. 20.
A thernoset which i%'n%%gggfhlg'ﬁ%@ppﬂﬁg%roduct of the resin of claim19
and a vinyl nononer. 21¢a)A lidutingoaeboWeiitdr, caanpinsertiont tatatygcandnapr oduct
of a vinyl nononmer a polymer blend conprising: WO 99/ 15574 PCT/ EP98/ 05423
27 (a) from about 5 to abowtarbexylic. gsigf derativepseleplgdy ot teat#PUPesi n of

claim19; and (b) from abou . a t . % o] tqr  resin.
22. The thernoset of clai méff%’%@lge&néhwgﬁgg%ycﬁggbg?xﬁcggaggh%e{ﬁ??ie@ from
about 25 to about 75 w. % diedtars, [XERPtAAp¥ It WRkiIATthe rBAGE. ofadlsbltr om about
25 to about 75 wt.% of the DCPD pol yester resin. 2 A process which

conprises: (a) heating a pol3Chter about GOQ%UOﬂencam:iiénes efeetiyede a

tenperature within the range of  about, 60 0 ahout . 130C to f.orm.,a
DCFTI[)}poI yet her adduct; anngrBqu\"éﬁ'tsieﬁfj)"t&éhﬁéﬁg%‘&l'?%'ﬂéjrer%@g%fmat a

tenperature within the rangengh Ahguh bbAAS dran@RBHieti9O% boddi® a

polyetherester resin; and

(b) heating the polyetherester resin with
dicyclopentadiene (DCPD) at a temperature within the
range of about 100°C to about 300°C to produce a
DCPD polyetherester resin.

16. The process of claim 15 wherein the DCPD polyetherester
resin contains from about 2 to about 30 wt.% of recurring units derived
from DCPD. _

17. The process of claim 15 wherein before, during, or after step
(b), the polyetherester resin is heated with a capping agent or a chain
extender.

18. The process of claim 15 wherein the DCPD polyetherester
resin exhibits a peak exotherm in the SPI 180°F Gel Test within the range
of about 300°F to about 410°F.

19. A DCPD-modified polyetherester resin made by the process
of claim 15.

20. A thermoset which comprises the reaction product of the resin
of claim 19 and a vinyl monomer.

21. A thermoset which comprises the reaction product of a viny!

monomer a polymer blend comprising:



presence of an insertion catalyst and a carboxylic acid derivative
sel ected fromthe group consisting of anhydrides, dicarboxylic acids, and

diol diesters under conditions effective to pronote insert|
car boxyl i ¢34 i vative into carbon-oxygen bonds of the&)%@lg%gsdgl%et her

adduct to produce a DCPD polyetherester resin. 24. The process of claim 23
wherein the DCPD pol yetherester resin is heated with a capping agent or a
chai n extender. 25. A DCPD pol yet here§.;er resin made by the process of
claim?23. 26. A thernoset which conprises the reaction product of the

resin of claim25 and @ vighph SBAX™® to about 95 wt.% of the DCPD
polyetherester resin of claim 19; and
(b) from about 5 to about 95 wt.% of a DCPD polyester
resin.

22. The thermoset of claim 21 wherein the polymer blend
comprises from about 25 to about 75 wt.% of the DCPD polyetherester
resin, and from about 25 to about 75 wt.% of the DCPD polyester resin.

23. A process which comprises:

(a) heating a polyether and dicyclopentadiene (DCPD) at
a temperature within the range of about 60°C to about
130°C to form a DCPD-polyether adduct; and

(b) heating the DCPD-polyether adduct at a temperature
within the range of about 120°C to about 300°C in the
presence of an insertion catalyst and a carboxylic acid
derivative selected from the group consisting of
anhydrides, dicarboxylic acids, and diol diesters under
conditions effective to promote insertion of the
carboxylic acid derivative into carbon-oxygen bonds of
the DCPD-polyether adduct to produce a DCPD
polyetherester resin.

24. The process of claim 23 wherein the DCPD polyetherester
resin is heated with a capping agent or a chain extender.

25. A DCPD polyetherester resin made by the process of claim 23.

26. A thermoset which comprises the reaction product of the resin

of claim 25 and a vinyl monomer.



