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BACKGROUND OF THE INVENTION

The present invention relates to curable resin compositions. In
particular, the invention relates to curable resin compositions exhibiting

5  reduced volume change on curing,

Thermosetting resins in general, and unsaturated polyester resins in
particular, are useful in a variety of applications, including structural
automotive parts, building and construction componeﬁts, and boat hulls. Ina
typical sheet molding compound (SMC) formulati;m, the unsaturated polyester

10 comprises only about 8 to 15% of the total formulation. Other components
include a crosslinking agent such as styrene Iﬁonomer, fillers such as calcium
carbonate, glass fiber, thickeners, mold release agents, low profile additives,
initiators, co-promoters, and inhibitors. Unsaturated polyester resins may
exhibit excellent physical properties and solvent resistance, as well as good

15 weatherability.



The present invention relates to curable resin conpositions. In
particular, the invention relates to curable resin conpositi ém3ulg200di t'i ng
5 reduced vol une change on curing. Thernosetting resins in general, and
unsat urated pol yester resins in particular, are useful in a variety of
‘applications, including structural autonotive parts, building and
construction conponents, and boat hulls. In a typical sheet nolding
conmpound ( SMMYOPBIBMIl ati on, the unsaturated pol yester 10 PCEmSOH/E@S only
about 8 to 15% of the total fornulation. @&her conponents include a
crosslinking agent such as styrene nononer, fillers such as cal cium
carbonate, glass fiber, thickeners, nold rel ease agents, low profile
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resin is heated to te ratures i.n excess .of 140C, resulting in a

thermal Iy induggﬁfqgﬁﬁﬁﬂa%8ﬁ. a&?yﬁﬁ§n§ﬁ§5§¥ﬁ§ﬂ€§T'polyester resin begins to
crosslink and the unsaturated conponents becone consuned there is a
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components become consumed there is a negative volume change due to the

density difference. Once reaction is complete, the system is cooled to ambient
15  condition, causing a further negative volume change. A neat polyester resin
will typically exhibit as much as a negative 7% volume change on high-

temperature curing.

Although many approaches have been taken to reduce curing shrinkage,
including changes in resin and co-monomer structures, use of large amounts of
20 filler, and even partial polymerization before molding, these approaches have
been inadequate. Another approach has been the addition of certain
thermoplastics to the formulation. These thermoplastics, when functioning in
such a role, are commonly referred to as low-profile additives (LPAs). Known
LPAs include polymethyl methacrylates, vinyl chloride-vinyl acetate
25  copolymers, polyurethanes, and styrene-butadiene copolymers. '

The generally accepted mechanism for shrinkage control relies on
induced strain relief through stress cracking of the separate LPA phase within
the thermoset matrix. Many known LPAs have a high molecular weight and



Al t hough many approaches have been taken to reduce curing shrinkage,

i ncl udi ng changes in resin and co-nononer structures, use of 16 dulgeO@ount s
of 20 filler, and even partial polynerization before nolding, these
approaches have been inadequate. Another approach has been the addition of
certain thernoplastics to the fornulation. These thernopl astics, when
functioning in such arole, are commonly referred to as |low profile

addi tives (LPAs) Known LPAs incl ude pglynethyl nethacrylates Vi nyl

chloride vin cet at 25 .copol yners anes nd st ene but adi ene
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cracking through the weak thernoplastic phase, thus relieving the strain,

form ng voids and conpensating for the overall shrinkage. However, in | ow
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Figure 1 isagentifeplpw mﬁ@ﬂaﬂgﬂ CHH§§@@PB§%‘%P1¥§OI yester resin (UPR) with no
| ow-profile additive (#3), with polyvinyl acetate (#1), and with a capped

poly (aryle = nd Conparative Exanples 1-6.
Figure 2 i sﬁﬁwgécﬁ%nQﬁgémergpgm conprising, from | ower
right to upper Ieft 0 2, 4, and 6 wei ght percent capped poly(arylene

ether). See Exa éﬁn‘}&%fg?%@‘%lﬁé& Ufisdrtanm nﬁol&réstef tedilf @Jdﬁki)@:ﬁ” | mge

of parts nol ded ma conpos on _conpri eéster, a
capped pol yp@ﬂ?Wd’ﬂ'@ e addifive GhY) ,mﬂwolgvméfl/@waf@f(#lbmndn@lthatcapp@c{ and

curing pronpbp/ (arylefie BHRHLY. Séb Blamples 1-6 and Comparative Examples 1-6.

Figure 2 is an image of molded UPR compositions comprising, from
lower right to upper left, 0, 2, 4, and 6 weight percent capped poly(arylene
ether). See Examples 8-13 and Comparative Example 11.

Figure 3 is an image of parts molded from a composition comprising an
unsaturated polyester, a capped poly(arylene ether), and varying levels of
curing catalyst and curing promoter. See Examples 14-21.

BRIEF SUMMARY OF THE INVENTION

The above-described and other drawbacks and disadvantages of the
prior art are alleviated by a curable resin composition of the present invention.

In a first aspect of the present invention, there is provided a curable
resin composition, comprising :



BRI EF SUMVARY OF THE | NVENTI ON The above-descri bed and ot her drawbacks and
di sadvantages of the prior art are alleviated by a curabl e t&dun2004 -
conposition of the present invention. In a first aspect of the present
invention, there is provided a curable resin conposition, conprising : 16
July 2004 4 an unsaturated polyester; an al kenyl aromatic nononer; and an
anount of a capped poly(arylene ether) effective to reduce curing
shrinkage. In a second aspect of the preksent invention, there is provided a
curable resin conposition, conprising: about 30 to about 70 parts of an
unsaturated polyester; about 15 to about 50 parts of an al kenyl aromatic
nmonomner ; and ab@uumemnnnc@pabmakxaz parts of a capped pol y(aryl ene ether);
wherein all anounts are based on 100 parts resin. In a third aspect of the
present invention, S@k ? is provided a curable resin conposition,

conpri si ng: abou@h @BfQBBE@uWGKW@FF%:%Fian unsat urated polyester; about
15 to about 50 parts styrene; about to about 8 parts of a capped

pol y(aryl ene ether) haV|n an | g{lc Vi S 10.t o about
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0.01 to abehtinkagearts of a curlng pronoter; wherein all anpbunts are based
on 100 parts resin. In a fourth aspect of the present invention, there is
provi ded a curable resin conposition, conprising the reaction product of :

an unsaturated pBRyesens aspsat of thepyeseat imventionc ismroyided@ amallapunt of

a capped p%éiﬁ@bﬁ'lp%@ﬂloﬁt n@ﬁlfge'étatmft%dt% 414196 pah§ of ghWiBatapasge that
accorrpanl es uring 6 ect of tﬁ@ f ent.invention, there is
provi ded a Wéﬁ’r bouﬁ ﬁa Hﬂtg EEFF%B?%“P it %ﬁ%&m%wn%@#én si ng:
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orma firs g first end and an unsaturate
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In a third aspect of the present invention, there is provided a curable
resin composition, comprising: about 30 to about 70 parts of an unsaturated
polyester; about 15 to about 50 parts styrene; about 1 to about 8 parts of a
capped poly(arylene ether) having an intrinsic viscosity of about 0.10 to about
0. 35 dL/g; about 0.1 to about 2.5 parts of a curing catalyst; and about 0.01 to
about 1 parts of a curing promoter; wherein all amounts are based on 100 parts
resin.

In a fourth aspect of the present invention, there is provided a curable
resin composition, comprising the reaction product of: an unsaturated
polyester; an alkenyl aromatic compound ; and an amount of a capped
poly(arylene ether) effective to reduce the volume change that accompanies
curing.

In a fifth aspect of the present invention, there is provided a method of
preparing a curable resin composition, comprising: blending an alkenyl
aromatic compound and a capped poly(arylene ether) to form a first blend; and
blending the first blend and an unsaturated polyester to form a second blend.



4a In a sixth aspect of the present invention, there is provided a nethod
of preparing a cured resin conposition, conprising: blendintg auyadtenyl
aromati c conpound and a capped poly(arylene ether) to forma first blend,
bl ending the first blend and an unsaturated pol yester to forma second

bl end; and curing the second blend at a tenperature not greater than about
'50C for a time not greater than about 30 hours. The present inventors have
found capped poly(arylene ether)s are ngae effective at reducing shrinkage
and relieving stress than commercially available LPAs. DETAI LED

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS A curable resin conposition
conpri ses: an undansitthedpguiofdhe preseninnueitzony thereosrpravedetbmorathod afid an

amount of - a PO e BRFSHIG LofbliShigt Berlingd SUURRnGHUbREtic
shri nkage. composition ¢ rrplse? an at(rate yester. An

unsat ur at ed copopad aad 5 apged erbi(pgy @m%tﬁwgao o adEst @ﬁn@;fbiandmgah@ one
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anhydri de, mré¢aecthaniabouf30homs. aci d, itaconic acid, citraconic acid,
chloromal eic acid, dineric nethacrylic acid, nadic acid,

t et rahydropht hal i ¢ acid, endo-nethyl enetetrahydrophthalic aci d,
hexachl or o- endo- ABEmEeaRs inseniorny davp feund ¢appsdirgly(aailoneethend aphmest i c

acids, and feRctiv& 8t redici |shi%kagé1§ﬁd r&%ﬁ@ﬁ%&@&lﬁ% é’&hﬁ_&rciﬁﬁ&er s, and
anhydri des. 16%%?%!{1)2004 b Preferred unsaturated acids include naleic

acid, fumari®? AHd their esters and anhydrides. Often, polyfunctional
saturated and aromatic acids are enployed in conjunction with the

nsatur at | o BHA T v BSCATR TR DECPTRIREPRERD RMBERIIENSSLT ) 2004

A curable resin composition comprises:
an unsaturated polyester;
an alkenyl aromatic monomer; and

an amount of a capped poly (arylene ether) effective to reduce curing
shrinkage.

The composition comprises an unsaturated polyester. An unsaturated
polyester is generally obtained by reaction of at least one polyhydric alcohol
with at least one polybasic acid comprising an unsaturated polybasic acid.

Specific examples of unsaturated polybasic acids that may be used to
form the unsaturated polyester include maleic anhydride, maleic acid, fumaric
acid, itaconic acid, citraconic acid, chloromaleic acid, dimeric methacrylic
acid, nadic acid, tetrahydrophthalic acid, endo-methylenetetrahydrophthalic
acid, hexachloro-endo-methylenetetrahydrophthalic acid, halogenated phthalic
acids, and the like, as well as their corresponding acids, esters, and anhydrides.



WO 01/ 53413 PCT/ US01/ 01695 5 properties to the coating. Exanples of
saturated and aromatic pol ybasic acids include succinic aci ¢ Jagizpo£ acid,
sebaci c acid, azelaic acid, dodecaneedioic acid, eicoic acid, phthalic
acid, isophthalic acid, terephthalic acid, and the like, as well as their
esters and anhydrides. Preferred aromatic polybasic acids include 5
‘phthalic acid, isophthalic acid, and their esters and anhydri des. Exanples
of pol yhydric al cohols include ethyl ene4gl ycol, propylene glycol,

di et hyl ene gl ycol, dipropylene glycol, 1,2-butanediol, 1,3-butanediol,

1, 4- but anedi ol , neopentyl glycol, glycerol, diethylene glycol, pentanediol,
hexyl ene gI ycol , vgrmdemaatudatbd spide modlude niulaip aend fuhart lagideard thdide 10
adduct s, F E{@ﬁp A- al kyl ene oxi de adducts, and the |ike.
Preferred pol'yhydric alco oIs i ncl ude propyl ene egcoI Unsat ur at ed

pol yesters are comercially available, often as conpositions further

corrprl Si Pgdan al @fréﬂt Iﬁﬁﬁéﬁcﬁla{mﬂﬂf@éd aBd rdistic 86l ds afeddm ealn@ Qt6 235
unsaturate er .I.esins ain as a

and from Al 5 "éﬁgﬂg"@g? WQ’%&Q C’\‘F‘Feoc@%%fhtel%‘? ity ?ﬂlﬁmrl se

t he unsat ur aﬂgdemohmeaﬁmhmrarﬂpmmlmrﬂw degitedhinsthicaDaidnrbhatiic80 parts,
preferably about 30 to about 75 parts, nore preferably about 40 to about
70 parts, per 100 parts resin. Unless otherwise specified, all parts are
parts by weight. 20 In addition to the unsaturated pol yester, the
conposition further conprising an al kenyl aromatic nononer. The al kenyl
aromati ¢ nononer rmay have the structure 16 July 2004 WO 01/53413

PCT/ US01/ 01695 6 wherein each R1L may be hydrogen, Cl1-Cl2 al kyl, or the

| i ke; each R2 may be hal ogen, C1-Cl2 al kyl, Cl-Cl12 al koxyl, or the like; X
is nitrogen or carbon; pis 1 to 4;, and qis 0 to 5. Wen p=1, the al kenyl
aromati ¢ nononer is terned a nonofunctional al kenyl aromatic nononer; when
p=2-4, the alkenyl aromatic 5 nononer is ternmed a pol yfunctional akenyl
aromati c nononer. Suitable alkenyl aromatic nonomers include styrene,

al pha- net hyl styrene, al pha-



et hyl styrene, al pha-isopropyl styrene, al pha-tertiary-butyl styrene, al pha-
phenyl styrene, and the |like; hal ogenated styrenes such as chitddyfQ04tne,
di chl orostyrene, trichlorostyrene, bronostyrene, dibronostyrene, 10
tribronostyrene, fluorostyrene, difluorostyrene, trifluorostyrene,
‘tetrafluorostyrene, pentafluorostyrerie, and the |ike; hal ogenated

al kyl styrenes such as chloronet hyl styrene, and the |ike; al koxystyrenes
such as et wxyssysene, et hoxystyrene, 1, 3-divi nyl benzenscTruse1/o169s

1, 4-di vinyl benzene, ' trivinylbenzene,' 1g3-diisopropenyl benzene,

1, 4-di i sopropenyl benzene, and the 15 Iike; vinylpyridine,

2, 4-di vinyl pyridine, 2,5-divinylpyridine, 2,6- divinylpyridine,

3,5-divinylpyridine, 2,4, 6,trjvinyl i di.ne, and the like; d . mxjures
Compr i o1y, ot FERREIE e Coring. (REpIee RS SSRER) PO PRSP OOIraEEe | .
the foregoing gahsdd Judbiid astdy hE@PRSacid) beibic GBIAN Rz ediPadid | diRREarRaRId AR | S
speci fied, the substituent may occupy any free position on the aromatic
ring. 20 Pref eeiceld anidephphalisrasichtisephtlrlisrasics terephihglic g¢idy and thalishaps

met hyl styrene, 2- . n I - 1% VI

butyl styrene, 3- Eﬂﬁagutwy‘lr@%%érgﬁédﬂg{‘ %‘%’1 ?Eéﬁrﬁ%ﬁém%a%?é?)&bnﬁB@ﬁgig%%%d'f , 4-
di vi nyl benzgne phthblidadl) iseihgeridd) end v, esterdlartl Arggaridpeny| benzene, and
the like, and m xtures conprising at | east one of the foregoing al kenyl

aromati ¢ 25 nmononers. Pr.eferred.al kenyl .aropati noners further.include
styrenes having fr%‘fﬁ“lpl?%o RO RYgEs %ﬂﬁ‘?ﬁﬁ f’tfi‘ﬁfes%%flﬁegﬁﬁ?oinﬁmpéd ®ng, and
m xt ures cormgg?bpgﬁahyieﬁ@ y&l}ediﬁbuﬁirléi@ glg&ﬂ,ai,ﬁd)u%u)éﬁﬁﬂ,el,sﬂaﬁtaiﬁ&\bl,2004 WO

01/53413 PCT/ US01/01695" 7 e cogggsitlon may conprise the al kenyl
aromati ¢ nonondié-hutanediola meapentpk shisolit glyeerelo isdyrleneoslysels penpnetliohabl y

about 20 to ab 0 parts, r f.8[ & o] o] 6 rts,

per 100 parts ?le |l%el ngdlhﬁrﬁo%ﬁg%ag&fhbg Pﬁﬁ%lslélt ??’a?%@ﬁpgﬁy%%p@ﬁéngngx@e

al kenyl ar virat adduds, "eaedRomobiphaiol aAlakylas nxddapaRivcispnarebngei ke a
capped poly(arﬁlene ether). A capped pol y(aryl ene eiher), is defined herein
as a pol y(aryl Epeesedipelyhydvic glpehals inelude prapylenmelyiobt erabl y at | east 50%
nore preferably at |east 75% yet nore preferably at |east 90% even nore
preferably at |eastyffMura@fd t pelybsted hxedr pineiAYPSaniBBRNt oftent he

correspondi ng uncapped pol y(aryl'ene et her
compositions further comprising an al%(enyl aromatic monomer, and include,

for example, the unsaturated polyester resins obtained from Ashland as
15  Ashland Q6585, and from Alpha Owens Corning as AOC-XV2346.

The composition may comprise the unsaturated polyester in an amount
of about 20 to about 80 parts, preferably about 30 to about 75 parts, more
preferably about 40 to about 70 parts, per 100 parts resin. Unless otherwise
specified, all parts are parts by weight.

20 In addition to the unsaturated polyester, the composition further
comprising an alkenyl aromatic monomer. The alkenyl aromatic monomer

may have the structure

O




10 have been renoved by reaction with a capping agent. There is no
particular limtation on the intrinsic viscosity of the capp®duly 2004
poly(arylene ether). The poly(arylene ether) may have an intrinsic
viscosity of about 0.05 to about 0.80, as neasured in chloroformat 23C
In a preferred enbodinent, the intrinsic viscosity may be about 0.08 to
about 0.40 deciliters 15 per gram (dl/g), preferably about 0.10 to about
0.35 dl /g, noveopseBerably about 0.12 to about 0.31 dl /geciBsesads y, t he
intrinsic viscosity of the capped poly(arylene ether) will vary
insignificantly fromthe intrinsic viscosity of the correspondi ng uncapped
poly(arylene ether). It is expressly contenplated to enploy blends of at
| east two cappe ly(aryhe t her) s havi I feregnt,., 20 cul ar

wer ghts and | novinar el K S, b BFERRen et st 5 PV ish I REFY By e
represent ed by HaltgestT:uCh kg1, @1(Cn Kikoxyh eF gienike) X & hik@gée 6t elttomaf isd
nmonohydri c, dihydric, or polyhydric phenol preferably the residuumof a
nonohydri c or a@ﬁyaﬁ@alﬁﬂéﬁcﬁf, Ry Siccilieny) apoatiemiopemgt ifhtesned a

nmonohydri c phe X | - X ‘ Lhign | [.hg the
Stracture 16 3arrosgsioud SR e A B By e DS aR RS 2
hydr ogen, hal ogemongriirdeyneat aspaghchatignallleh] atdydtic nichofik? Huiimblel |
Cl-C12 al kynyl, . C1-C12 am.noal kyl, Cl-C12 dr oxyal kyl , enyl, _Cl-Cl2

el oal kyl - O SlKCEH ASHRY Doessks TSRO PR e Hne, albfia

hal ohydr ocar bop@yystyfafE el Biphh-idoPRShylitpRnE A BIDRa ARHFy- Bl REALRe, | NAphal ogen 5
and oxygen atons,” or the like; mis 1"to about 200; "and”K’ s a cappi ng

group produce@hbyylstgranei endothet likse;phalngdnatednyigreney | sughoap shlsmostykene,
pol y(aryl ene ther) with a c i ng.reagent ., The resulting.cappin roup
may be sel ect e?:&fo%%%g, gr o%%mco(g%%yrs?f‘ig’ng _o‘%mﬂéswef, and&ﬁiﬁ%@?’n RI
may be Cl-Gi2 alilpmosBireddie | ifhe@rosBEeit)0 nMajiflidgrostytinegen, niludzdstyrene,

~ tetrafluorostyrene, pentafluorostyrerie, and the like; halogenated a].kjlstyrenes

such as chloromethylstyrene, and the Iike; alkoxystyrenes such as

methoxystyrene, ethoxystyrene, 1,3-divinylbenzene, 14-divinylbenzene,

! frivinylbenzene, 1,3-diisopropenylbenzene, 1,4-diisopropenylbenzene, and the

15 like;  vinylpyridine, 24-divinylpyridine, 2,5-diviny'1pyr"1dine, 2,6-

divinylpyridine, 3,5-divinylpyridine, 24,6-trivinylpyridine, and the like; and
mixtures comprising at least one of the foregoing alkenyl aromatic monomers. .

In the foregoing substituted styrenés for which no substituent position is

.-specified, the substituent may occupy any free position on the aromatic ring.

20 . Preferred alkenyl aromatic monomers include styrene, alpha-
methylstyrene, 2-methylstyrene, S—methylétyrene; 4-methylstyrene, 2-t-
butylstyrene, 3-t-butylstyrene, 4-t-butylstyrene, 1,3-divinylbenzene, 1,4-
divinylbenzene, 1,3-diisopropenylbenzene, 1 4-diisopropenylbenzene, and the
like, and mixtures comprising at least one of the foregoing alkenyl aromatic

25  monomers. Preferred alkenyl aromatic monomers further include styrenes
having from 1 to 5 halogen substituents on the aromatic ring, and mixtures

comprising at least one such halogenated styrene.



10 al kyl, C1-C12 al kenyl, Cl-Cu aryl, Cl-Cl2 nixed (al kyl-aryl), Cl-Cl2

al koxycar bonyl, C1-Cl12 aryl oxycarbonyl, mnixed (al kyl -aryl ) oxicduhdefd |
nitrile, fornyl, carboxylate, irnidate, thiocarboxylate, or the like;

R11- R15 may be hydrogen, hal ogen, Cl-Cl12 al kyl, hydroxy, ami no, or the

| i ke; and wherein Y is a divalent group selected fromthe group consisting

of 16 July 2004 WO 01/53413 PCT/USOL/ 01695 9 V6~ O fl Il Il CCS Il ,and
Vic O RLl7 wherg#isR16 and RL7 may be hydrogen, Cl-Cl2 apdayisovasdst he |i ke.
In one enbodinent, Qis the residuum of ayphenol, including polyfunctional

phenol s, and includes radicals of the structure wherein R3-R6 may be
hydr ogen, hal ogen, prinary or secondary Cl-C12 al kyl, Cl1-C12 al kenyl,

Cl-C12 al kynyl, Ci- 12 am n aI Cl-Cl2 0 | k l..5 CI ‘c12
hal oal kyl , Cl-C12 %%ﬁ‘li’&??“ 1?%&?0*@%?@6 ? Cc%? Orhet i

hal ohydr ocar bog@yininyesiRhe 18tko |aB6§tt 7 }g&t&@&&@ﬁb@l Mtszenara@bet s0hpattgg| ogen
and oxygen atons, or the |ike; hydr ogen, C1-20 al kyl, aryl, m xed

al kyl - aryl hydm@é%\lallﬁgﬁifébIYs'lb@‘#W@ﬁb@&f’gé’ﬁr@rﬁ%@dEi‘ﬁﬁtf&?lﬁl ng a substituent
selected fromthe group consisting of carboxylic acid, aldehyde, al cohol,

and 10 am no radi cghSaddifioh V8 HeK8nsafin@ledO pBB¥stEe aﬁHl 1fHér alkeny1f Adlatic
sul furyl, oxygen, or other such brldglng group having a val ence of 2 or

great er to & esutionoiar,vie] cmsblemesn cympisittosr ccpnpmem@hsp% poly(aryteneabout
100, preferabl

cappedl pol y( ar P& AucaRErY PPV AR ERieth actiald Biyshres SpHRIBRCEReT "+ 1"

pol y(aryl ene efl\@hichGeRekS10%) praeSBIt dtaddsy509%, thive rrefe atZIa&StGﬂ%Pj?@duct of
at | east one nonohydric {)heno havi ng the structure 16 Sy/ 2004 WO
A,

01/ 53413 PCT/ Usor¢ piesersbly1at lepst 90%, even more preferably at least 95%, of the free
hydroxyl groups present in the corresponding uncapped poly(arylene ether)

10 have been removed by reaction with a capping agent.

There is no particular limitation on the intrinsic viscosity of the capped
poly(arylene ether). The poly(arylene ether) may have an intrinsic viscosity of
about 0.05 to about 0.80, as measured in chloroform at 23°C. In a preferred
embodiment, the intrinsic viscosity may be about 0.08 to about 0.40 deciliters

15  per gram (dl/g), preferably about 0.10 to about 0.35 dl/g, more preferably
about 0.12 to about 0.31 dl/g. Generally, the intrinsic viscosity of the capped
poly(arylene ether) will vary insignificantly from the intrinsic viscosity of the
corresponding uncapped poly(arylene ether). It is expressly contemplated to
employ blends of at least two capped poly(arylene ether)s having different

20 molecular weights and intrinsic viscosities.

The capped poly(arylene ether) may be represented by the structure
Q-(-K)y

wherein Q is the residuum of a monohydrie, dihydric, or polyhydric phenol,
preferably the residunm of a monohydric or dihydric phenol, more preferably
25  the residuum of a monohydric phenol; y is 1 to 100; J comprises recurring units

having the structure



wherein R3-R6 may be hydrogen, halogen, primary or secondary Cl-Cu al kyl,
Cl-C12 al kenyl, Cl1-Cl12 al kynyl, Cl1-Cl12 aminoal kyl, Cl1-Cl12 hyth &sya00dy| ,
phenyl, Cl1-Cl12 hal oal kyl, C1-Cl12 am noal kyl, Cl-Cl12 hydrocar bonoxy, Cl-Cl2
hal ohydr ocar bonoxy wherein at | east two carbon atons separate the hal ogen 5
~and oxygen atons, or the like. Suitable nonohydric phenols include those
described in U S. Patent No. 3,306,875 to Hay, and highly preferred
nonohydri ¢ phemewss4Bncl ude 2, 6- di net hyl phenol and 2, 3, 6- tedTEspHisabgshenol .

In a preferred enbodi nent, the capped pol g(aryl ene ether) conprises at

| east one cappi ng group haV|ng the structure 10 wherein R8-R10 may be
hydrogen, Cl1-Cl12 al kyl, Cl1-Cl12 al kenyl, Cx-Cn aryl, Cl- Cl2 nixed

(al kyl -aryl), Ci1-C12 alkoxycarbontl onycarbonyl, m xed

(al kyl -aryl)oxycarbonyl, nitrite, yl ate, imdate,

t hi ocar boxyl ate, or the i ke. cappi ng groups include

acrylate (R8=R9=R 0=hydr ogen) a d £t ha R8=n®et hyl ,
R9=R =hydrogen). 15 In anot her S nt,” the capped
poly(arylene ether) conprises a 5 g ng group having the

5 11 wherein R7 is Cl1-Cl12
al kyl, preferably CL-C6 al kyl, nD eRspreferRébI y thyl or isopropyl. In yet
anot her preferred enbodi nent, the capped poly(arylene ether) conprises at
| east one capping group havi ng t he structure 5 wherein RRL- Rls may_be
hydr ogen, hal oydareicRe-8f may ks hydiegen. dlpgeanprimaryoer secprdary fa-Crralider r ed

appi ng groups Y, K &}Hn &
RlO R13=hydr og(ej?zi:1 a?ke%arﬁ @%Fg%%é@%%%l nen%gﬁ?%gg gy%«g)é%mﬂﬁlaghelng
ether) is subgi-ani hﬂbylkirt ee:lgcf_'mammﬁnoﬂlajdst Ciiknt Sydiovathocoxng aﬂhk@hham no
and 10 di al kyl m'go substi tuen wher ei n Sl@ﬁjt&ﬂtl&“ free ans that the
capped pol y(aﬁ@lP %F?’CYCW ‘F‘%EFh%“F%%fs‘fWP Oé'b‘t‘fﬁ’ins prtafecths

preferably 4 es ﬁ%ﬂ g]ﬁr 98 W ouiCI00a b KCis A & BeH gram
of capped EJpon ne et her t oulg trran?/upo l'y(aryl ene a@? %% ﬁgr
synt hesi zed byprqdmeda iasre@acthat of ésmphenohc tHydréxyt @rpagpsatn dhe pblyisryiene

substituents, the )p‘,{n ent capping reagent. The resulting capping group may be selected

from the group consisting of
1 R
R®
Y-
—r 13
——F ‘ -‘g-Rg ,jand ¥ R
10 :
R RIS R4

wherein R7 may be C1-Cz alkyl, or the like; R8-R¥ may be hydrogen, Ci-Caz

10 alkyl, Ci-Ciz alkenyl, CGi-Ciz aryl, C-Ciz mixed (alkylaryl), G-Caz
alkoxycarbonyl, Ci-Caz aryloxycarbonyl, mixed (alkyl-aryl)oxycarbonyl, nitrile,
formyl, carboxylate, imidate, thiocarboxylate, or the like; R1-RW mtay be
hydrogen, halogen, Ci-Ci2 alkyl, hydroxy, amino, or the like; and wherein Y is
a divalent group selected from the group consisting of



15 inventors have found that thernbpset curing rates are increased when the
capped poly(arylene ether) is substantially free of am no std®dulygiehnts.

Pol y(aryl ene ether)s substantially free of am no substituents may be 16
July 2004 WD 01/53413 PCT/ US01/ 01695 12 synthesized directly or generated
by heating am no-substituted poly(arylene ethers to at |east about 200C.
There is no particular limtation on the nethod by which the capped

pol y(aryl ene wo be3313i s prepared. The capped pol y(aryl ene stimso)omsy be 5
fornmed by the reaction of an uncapped pol y(aryl ene ether) with a capping
agent. Cappi ng agents include conpounds known in the literature to react

wi th phenolic groups. Such conpounds include both nononers and pol yners
cont ai ni ng, for exanple, anhydrlde aC|d chl ori de, epoxy, car , ester,

i socyanate, cyanat{e \ester, a kyl radi aI Cappi ng /a Ms are not
10 limted to orgd i conpo n s as, anple o phorus ndj sul fur
based capping also clu appih
i nclude, for exanple, acetlc nhydrlde sallcyll aphydri de
conprising salicylate units, honopol yesters ofvslicylic a
anhydride, netagek 7] kil i I yci dyl

nmet hacryl at e, acet%#mgﬁ?g??dgg'gg%?ggkﬁﬁég%%zggﬁyééﬁgﬂgﬁinyl car bonat es
such as di (4- nltrophenyl)carbonate acryl oyl esters nethacryloyl esters,
acetyl esters, phenijl iosecyahedisens- ﬁ%d@r%@eﬁ?!lﬂﬂn of a phenol, “including

al pha, al pha- di o , 2- bi s(4-
cyanatophenyl)égg%g%gggg%%%hﬁgﬁﬁﬁ' 1@?%%%?%@% yrgﬁé - (al pha-

chl oronmet hyl )styrene, allyl brom de, and the Ilke carbonate and -
substituted 20 derivatives theregfR3and mimk ures\thereof. These and ot her
met hods of form ng capped pol y(fary ene et her)s ayre described, for exanple,
in U S Patent Nos. 3,375,228 - , 148,843 to Gbossens;
4,562, 243, 4,663,402, 4,665, 137 Percec et al.

5,071,922, 5,079, 268, 5, 304, u g\ : ssen et al.
5,338,796 to Vianello et al. N -ﬁ Patent No. 261,574 Bl 25 to
Peters et at In a preferred enbn i poly(aryl ene ether) may
be prepared by reaction of an : )y (aryl/ene ether) with an

anhydride in

wherein R3-Ré may be hydrogen, halogen, primary or secondary Ci-Caz alkyl,

C-Cya alkenyl, Ci-Crz alkynyl, Ci-Ciz aminoalkyl, Ci-Caz hydroxyalkyl, phenyl,

5 (G2 haloalkyl, Ci-Ci2  aminoalkyl, C-Ciz  hydrocarbonoxy, Ci-Ciz

halohydrocarbonoxy wherein at least two carbon atoms separate the halogen

and oxygen atoms, or the like; Z may be hydrogen, C1-20 alkyl, aryl, mixed

alkyl-aryl hydrocarbons, such hydrocarbon groups containing a substituent

selected from the group consisﬁng of carboxylic acid, aldehyde, alcohol, and

10  amino radicals, or the like; Z also may be sulfur, sulfonyl, sulfuryl, oxygen, or

other such bridging group having a valence of 2 or greater to result in various

bis- or higher polyphenols; n is 1 to about 100, preferably 1 to 3, and most
preferably 1or 2. -

In one embodiment, the capped poly(arylene ether) is produced by
15  capping an uncapped poly(arylene ether) consisting essentially of the
polymerization product of at least one monohydric phenol having the structure



the al kenyl aromatic nononmer as solvent. This approach has the advant age of
generating the capped poly(arylene ether) in a formthat canlthduly@ddi ately
16 July 2004 WO 01/53413 PCT/US01/01695 13 bl ended with other conmponents
to forma curable conposition; using this nethod, no isolation of the
.capped poly(arylene ether) or renoval of unwanted solvents or reagents is
requi red. A capping catal yst may be enployed in the reaction of an uncapped
5 poly(aryl eOaviiés) with an anhydri de. Exanpl es of suchr@iwgdvendess i ncl ude
those known to the art that are capabl e ofgcatal yzi ng condensati on of
phenols wth the capping agents described bel ow. Useful materials are
basi ¢ conmpounds including, for exanple, basic conpound hydroxide salts
such as sodi um hydroxi de, potassiu bydroxiﬂ@, t et raal kyl amoni um

hydroxi des, 10 and the like;. tertia am nes such as tributyl am ne,
triethylam ne, dinethyl benzyl am ne, | butyl anvne and the |ike;
tertiary m xed al kyl - aryl am nes and uted derivatives thereof such
as dinethylaniline, and the |ike;j i i nes such as i m dazol es,
pyri di nes, and substituted derivatiVs\ eof such as 2-nethylim dazol e,
2 vinylimdazole, 4 15 (d net hyl am no) pyxidi ne, 4-(pyrrolino)pyridine, 2-,
3-, or 4-vinylpyridine. Al so useful /are oxganonetallic salts such as, for
exanple, tin and zinc salts known t®écatal yge the condensation of, for
exanpl e, isocyanates or cyanate esters with phenols. The organonetallic

salts useful in,thi.s ard ar nown o the_.art in nunmero ubli cations
2nd patents vePReRB I gne, 56 Bv e dtGhrt Bty oF sRPRE BTl on
may conprise acgkggﬂk@hdauwtﬁ&ﬂgm@mmhEapﬂﬁdmaﬂgtxh&&yh@@@m?ﬂhﬁnpﬁmqﬁuch

bl ends may be prgggred fromindividual ly prepared and isolated capped

pol y(aryl ene ethéns. halarBghat Cveizy  amigekpl e faCrmyhydEocaphagyy.e dCpii2

reacting a sin I I %gpagents.
The capped po|§%§?§?§%§ﬂ§%h§f$&%%%$%%k%%€§“§%“%ﬁ3a%ﬁ%ﬂ%?gggfgggfg to
reduce the Buriand csdygemlasgeas, afr thiadikeorfubiablei monalgrdrar gitbnbb inhlede théseg 16
July 2004 described in US. Patent No. 3,306,875 to Hay, and hight referred

y. gy p

monchydric phenols include 2,6-dimethylphenol and 2,3,6-trimethylphenol.

In a preferred embodiment, the capped poly(arylene ether) comprises at

least one capping group having the structure

@) RS
A
e
- g0 ,
10 wherein R8-R1® may be hydrogen, Ci-Ci2 alkyl, C3-Cyz alkenyl, C;-Caz aryl, Co-
Ci2 mixed (alkyl-aryl), C1-Ciz alkoxycarbonyl, Ci-Ciz aryloxycarbonyl, mixed
(alkyl-aryloxycarbonyl, nitrile, formyl, carboxylate, imidate, thiocarboxylate,

or the like. Highly preferred capping groups include acrylate
(Re=R*=R10=hydrogen) and methacrylate (R¥=methyl, R®=R%=hydrogen).

15 In another preferred embodiment, the capped poly(arylene ether)

comprises at least one capping group having the structure



WD 01/ 53413 PCT/ US01/ 01695 14 shrinkage of the correspondi ng conposition
wi t hout the capped pol yaryl ene ether. The curing shrinkage o016 dulg@d@d -

obj ect conprising the conposition nay be defined by the equation 5=100(
Lbefore--Caftan 1 Lbefore wherein S is the curing shrinkage expressed as a
percent, Lrp is the length before curing of a nolded object conprising the
conposition, and Lnfter is the Ilength after curing of a nol ded object
conprising tHeoeupEsition. In a preferred enbodi nent, tPRergappees
poly(arylene ether) is used.in an anmount 1P effective to produce shrinkage
in any one di nmension not greater than about 3 % preferably not greater

t han about 2% nore preferably not greater than about 1% In sone cases
the addition of the capped poly(arylen ther) may result in expansion
after curing, which leads to a negativ ﬁalue f S. In such cases, it is
preferred that the curing shrinkage no e | esp than about -3% nore
preferably 15 not |ess than about - ¢etRore preferably not |ess than
about -1% Shrinkage of the conposition nmay bé expressed relative to the
shrinkage of the corresponding conposition w thout the capped pol y(aryl ene
ether). Thus, wieréinkge 0Tty alkyd prafeyabbe Ciek iafled, yrd prefaablatmethylSi=100
S-cappedPPB - S+cappedPPE  S--cappedPPE 20 where SR 1s the shrinkage
reducti on expré%§§ﬁ%§s a percentage, S+c pEppE is the curing shrinkage, as
defined above, of a nol ded object conprising the conposition with the
capped pol y(aryl enepelbeinoth@prefrf@PARBGRehS thEBapped poly(=eholkars) of a
nol ded obj ect conpr|5|n? the correspondi ng conpositi'on “w thout the capped
pol y(aryl ene etchuwpyises at l¢ast gneciappinggreuphaving thespyetires July 2004 WO
01/53413 PCT/ US01/ 01595 15

R11 R12

O=—=0

R15 R‘M

5  wherein R™.R% may be hydrogen, halogen, Ci-Cy2 aiky), hydroxy, amino, or
the like. Preferred capping groups of this type include salicylate (R%=hydroxy,
RW-RB=hydrogen).

In a preferred embodiment, the capped poly(arylene ether) is
substantially free of amino substituents, including alkylamino and

10 dialkylamiﬁo substituents, wherein substantially free means that the capped
poly(arylene ether) contains less than about 300 micrograms, preferably less

than about 100  micrograms, of atomic nitrogen per gram of capped
poly(arylene ether). Although many poly(arylene ether)s are synthesized by
processes that result in the incorporation of amino substituents, the present

15 inventors have found that thermoset curing rates are increased when the
capped poly(arylene- ether) is substantially free of amino substituents.
Poly(arylene ether)s substantially free of amino substituents may be



poly(aryl ene ether) be used in an anmount effective to produce a shrinkage
reduction of at |east about 25% preferably at |east about 5®B4uin®od
preferably at |east about 75% In the instances in which the conposition
wi t hout capped poly(arylene ether) exhibits curing shrinkage and the
~conposition with capped 5 poly(arylene ether) exhibits curing expansion,
the value of SRwll exceed 100% As it nay sonetinmes be desirable for the
conposition twoeNssisit slight expansion on curing, it i sp@efeeswed t hat

t he capped poly(aryl ene ether) be used inrpan anmount effective to produce a
shrinkage reduction not greater than about 150% nore preferably not
greater than about 125% yet nore preferably not 10 greater than about

% The eff ' . f th d |2 I h idl .d d
he nat ur e and SHCTIECDELERD Gheseararcy borpectir SSralage s amhoin. °"

of the al kenyleﬂ@é}mh{ﬁama@@moou@nd the nature of the capped poly(aryl ene
ether), as well as the curing conditions. Cenerally, the conposition may 15

conprise the capped_pol y(arylene ether) .in an_anounpt qf about_ 0.1 to, about
12 parts, preferabf§esbdho prrsclsr Q%@FO&@np@Pt@?tﬂ%%é ‘ﬁ?@ﬁéﬁ%ﬁgpeébout 1
to about 8 par 1 ay.t n. L | € o hEITPR

di scussed abovﬁ(h Cnl.?l’ g%le {rse rieﬁ%%gbnp’[%gi%?g%& r@(&gﬁl{i&o%al Iy, Qflrﬁfher
conprise a &ur ifognedhiyl the treacioni ﬁgam@nwpaﬂﬁsﬂﬁﬁrmrgogmgﬂma tappig
initiators, are well knawn to thedart and used to Lmﬁ\% [ e the

pol yneri zat i on, 28Ut e CBPPIEB FEENT HRVAHS “SFPREMET SULVR & SEPFEE 4Ry

ther nbset s | nclwigh PHeddls ol SdcPEINSELRE indlhdybotR $hdHonRfslaed pollyirers
thernmosets. Non-limting exanples of curing catalysts are those descri bed

in "Plastic Afantaineg finensouie aptwdedet aad chiprides @pewy, easbrnate Msidter

(P05 L Pat ont BdETIRG Gkol 85806, of iy HRISE faBUll! ABhMe Heles'AidndP 03 and

et at The dao0ri rignitebtoabspahicf @mpiduads asdbt esdreplepphdspbormfandhelinhéagmiset may
i nclude any conpound capahl e of , pyodycing radicals. .,Such curi catal ysts
may i ncl ude b&?ngplﬁgracﬁwgaaﬁo ﬁ’é?n“ﬁ%‘rdﬁay €3 SarFamg ﬁg?l}t%ﬂl%??‘gqe' anpl es
of peroxy 16 JuyhymsR04 ﬁ%gyﬂ é@lg,gicgﬁ-;ury?gydg, gegé dplidiRg Ryteef ul in
the present inventfon ciencl ude, for exanple, beﬁ IS s coiftp lﬁﬁ

units, homopolyesters of salicylic acid, acrylic anhydride, methacrylic

—

anhydride, glycidyl acrylate, glycidyl methacrylate, acetyl chloride, benzoyl
15  chloride, diphenyl carbonates such as di{4-nitrophenyl)carbonate, acryloyl
esters, methacryloyl esters, acetyl esters, phenylisocyanate, 3-isopropenyl-
alpha,alpha-dimethylphenylisocyanate, cyanatobenzene, 2,2-bis(4-
cyanatophenyl)propane), 3-(alpha-chloromethyl)styrene, 4~(alpha-
chloromethyl)styrene, allyl bromide, and the like, carbonate and substituted
20  derivatives tI_}eredf, and mixtures thereof. These and other methods of forming
capped poly(arylene ether)s are déscribed, for exaﬁlple, in US. Patent Nos.
3,375,228 to Holoch et al.; 4,148,843 to Goossens; 4,562,243, 4,663,402, 4,665,137,
and 5,091,480 o Percec et al.; 5,071,922, 5,079,268, 5,304,600, and 5,310,820 to
Nelissen et al.; 5,338,796 to Vianello et al.; and European Patent No. 261,574 Bl
25 to Peters etal.

In a preferred embodiment, the capped poly(arylene ether) may be
prepared by reaction of an uncapped poly(arylene ether) with an anhydride in
the alkenyl aromatic monomer as solvent. This approach has the advantage of

generating the capped poly(arylene ether) in a form that can be immediately



per oxi de, dicunyl peroxide, nethyl ethyl ketone peroxide, |auryl peroxide,
cycl ohexanone peroxide, t -butyl hydroperoxide, t -butyl benttehdy 2004 -
hydr oper oxi de, t-butyl peroctoate, 2,5-dinmethyl hexane-2, 5-di hydroperoxi de,
5 2,5-dinmethyl-2,5-di(t-butyl peroxy)-hex-3-yne, di-t-butyl peroxide,
t-butyl cuny | per oxi de, al pha, al pha' -bi s(t butyl peroxy-m

i sopropyl)benzene, 2,5-dinethyl- 2,5-di(t-butyl peroxy)hexane,

di cur nyl per owaleys3¢is(t - but yl peroxy isophthal ate, t- butylpanseytnesszoat e,
2, 2-bi s(t-butyl peroxy)butane, 2,2-bis(t- pytyl peroxy)octane,

2, 5-di net hyl - 2, 5-di . (benzoyl peroxy) hexane, 10 di(trinethylsilyl)peroxide,
trimethylsilyl phenyltriphenylsilyl peroxide, and the -like, and m xtures

conprising at l.east ,one, of,the foreqoi curin ents. _.Typi cal n- per ox
CoiE Brore fncHieed i Qe FosnSeyiedty, RO £H plGudftE FoRiponlHh! g I P Y
2, 3-trinet hyl sithathed ¥rodsclatibrDbraRy bdppled poly (@F§iknk REnek) dt@emand of Miniatifedls

conprising at |east one of the foy§§O|ng curing catalysts. 15 In a
preferred enbodPleRE or repgentyis ieguiced.al yst may conprise t -butyl
per oxybenzoat e and/or nethyl ethyl ketone peroxide. The curing catal yst

will preferably DVR"&?%‘ EdtYstin Heeé}iﬁ?lb A5 10 1 BOMH oPbn LR gt 200C,
preferably about 20C t g%%ut %C alﬁnre p e?%rably gbout SSC toC out 40C.

20 Wen pr eSentpoly(iylanereting) withainyastiyrtigie.h Exaraplés bhstech camponndeinchisieut 0. 1
to about 10 paris referabl out 0.2 .to abqut 5 parts, nore.preferably
hbout 0. 5 t o dsiResupyge SRt caRe of SlttieneRah SR ¢ Birtn
optional ly, furdiRertheOmBYpISE apentUtbdebid ObEGW! (Usefileelatat®s the Welc ti ne.
Suitabl e curing pronoters_ include transition nmetal salts 25 and conpl exes

such as cobal t cAEWRERGhICEdREl febpsamtplet picheorprsaddy dapdde selfafich #ases
R L e e
present, the cuntintheplibgyoieetiarpralkyicambed suchass aftauyit amine] Gridthlylan@6e4 WO
0.05 o about Gmetifkesey i, dpeREbABIgaN AR Be0er G ael sk o,
P?gr;h %?Oi ]toa:é; a@FbRine¥ARA shib\iteRaBeS 4t1veB tHeSedt QudPastifdRthy it Mhd fRVI ol et

like; heterocyclic amines such as imidazoles, pyridines, and substituted

derivatives thereof such as 2-methylimidazole, 2-vinylimidazole, 4-

15  (dimethylamino)pyridine, 4-(pyrrolino)pyridine, 2-, 3-, or 4-vinylpyridine.

Also useful are organometallic salts such as, for example, tin and zinc salts

known to catalyze the condensation of, for example, isocyanates or cyanate

esters with phenols. The organometallic salts useful in this regard are known

to the art in numerous publications and patents well known to those skilled in

20  thisart.

The composition may comprise a blend of at least two capped
poly(arylene ether)s. Such blends may be prepared from individually prepared
and isolated capped poly(arylene ether)s. Alternatively, such blends may be
prepared by reacting a single poly(arylene ether) with at least two capping

25  agents.

The capped poly(arylene ether) may be used an any amount effective to

reduce the curing shrinkage of the composition compared to the curing



further conprise a photoinitiator, such as, for exanple, the
photoinitiators 5 described in U S. Patent No. 5,407,972, int8 hdyagi4 f or
exanpl e, ethyl benzoin ether, isopropyl benzoinether, butyl benzoin ether,
i sobutyl benzoin ether, alpha, al pha-di et hoxyacet ophenone,

“al pha, al pha- di net hoxy- al pha- phenyl acet ophenone,

di et hoxyphenyl acet ophenone, 4, 4'-di carboet hoxybenzoin ethylether, benzoin
phenyl et her wabiss#atsnet hyl benzoin et hyl ether al pha 10 nerdiyisol/dessi zoi n

met hyl ether, richloroacetophenone, and tihe |ike, and m xtures conprising
at | east one of the foregoing photoinitiators. . The conposition may
further conprise additives known in the art, including, for exanple, flane

e A L

pi gnents, dyesetl#®l orants, anti-static agents, fibrous reinforcenents,
di sc-shaped fillers, lowaspect ratio fillers, synthetic and/or natural

resins including thernoplastic elastoners,. additional . low prafile
addi t1ves, and the FR@ng Swkpes o 2icied CBIRE ORISR G SEPRESE BRSun 1o
the art as desqkkﬂgﬁkdgqﬁﬂe@gggﬂﬁfous publ i cations and patents known to

those skilled in this art. eful in fornulating flane retardant
conpositions are, for exanple, broniniééd fla ret ardant conpounds.

Preferred bgom nated flame retardani_; include, for exanple,-
1,3,5-tris(2,4,6-tribronophenoxy)triazi e, Legol ybr om nat ed di phenyl ethers,
pol y(2, 6-di br onophenyl ene ether), 25 brom nated pol ystyrene, brom nated

cycl ododecane, hroninated bi sphenal -A -diglycjdyl ether,, hydraxyethyl

Y her 1 100 atisan b isohe friBa Shpkias e Ae e dmh s Hedebed such
as_triphenyl, tyefié egihg BPQIRGIEEE objebt c%érﬁms&ljgl %%&gﬂbbﬁbﬁ?ﬂhﬁt@} is the
trls(2-nethoxy-4-alIylﬁ%osphate), tris(2716 July 2004 WO 01/53413

PCT/ USOL/ 01695 lenpth miftep enying éng Ipelded shviack comprising- thee rapmpasitipn) pb$phat e
bi s(di phenyl ph t ofy. bl i.S LN rcino
or hydroquinoﬁ%agﬁgfﬁg%gls %FbﬂgﬁéiBgﬁgggﬁ%igﬁgé@%gpg¥&%?gﬁines éuc as
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5 ther ef 'f_bromi nated fl t ar dant d it | ferred that
The o oM eterably Mot greater than abodt 29, mors preferably not greater than about

1%. In some cases the addition of the capped poly(arylene ether) may result in

expansion after curing, which leads to a negative value of S. In such cases, it is

preferred that the curing shrinkage not be less than about -3%, more preferably
15  notless than about -2%, yet more preferably not less than about ~1%.

Shrinkage of the composition may be expressed relative to the shrinkage
of the corresponding composition without the capped poly(arylene ether).
Thus, shrinkage reduction may be defined by the equation '

SR:IOO{S oedPPE D rcap; ;W]

—cappedPPE l

20  where SR is the shrinkage reduction expressed as a percentage, S+eappedPPE is the
curing shrinkage, as defined above, of a molded object comprising the
composition with the capped poly(arylene ether), and S.uppeapre is the curing
shrinkage of a molded object comprising the corresponding composition
without the capped poly(arylene ether). It is preferred that the capped



brom ne content of the brom nated | ane retardant be greater than 45%
advant ageously greater than 60% and preferably greater thani&@08y 200k hi gh
brom ne content of the flame retardant allows one to obtain UL, 94
flammability and at the same tine maintaining high poly(aryl ene ether)
content and optimal 10 dielectric properties. Useful fillers and
rei nforcenents include those known to the art known to augnent or nodify
t he properti 8%0ofs3pBasti cs. Exanples of such fillers wel | PCHusowpises0 t he art
i ncl ude those described in "Plastic Additiyyes Handbook, 4th Edition" R
Gachter and H Miller (eds.), P.P. Elenchuck (assoc. ed.) Hansen 15
Publ i shers, New York 1993. Non-limting exanples of fillers include silica
powder, such a i .4 n rystal |l kel 1. CA; n-nitpi owder
and boron-sil %cofgﬂgﬁrg%n%déql@fb%rg% t%{ﬁ %I?%I{O(%%Fe LJ&&%JS%Q 5?/%%"?%3&
dielectric consflanionasdt leaw aboat 23% rprefekds at lasg @abbdyt 30 nadreveefaribly oned
powder as well as alum na, and nmagnesi um oxi de (or nmagnesia) for hei@gh

i ng

t enperature 20 %WW?@?{?; Ip tee eianggssn v@g@hﬂ%;scomﬂqs Qutic
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or trihydrate),” “cal’cium carbonate I n stone, marble and
synt heti c, 5pr gnlyatydtredetbet) cixbihicactrimgaegmnsigpnreatdlyeiof $heviflooweaf a

ground particul whj ch often, conprises. .98+ wei ght 9% Ca Lt h..the
Tl o bei ng O A b et oE Rt bR e Bl S o e
and al uni na- si ldxpats®sii on &tirfe @8s pf&@f&mﬁmic@@&%gaeﬁé ethéd) Be ubdic| udi ng
fibrous, nodul ar, needle shaped, or, preferably, 1anellar talc; glass

spheres, both Hoprewmoantetiestive to praducsypliiriage reslcion grugisatepthanabout
typically havi i t i ) i
contai ni hg a caniac v PRBRRR o el ABIE Ry i TRERISITR 0

01/ 53413 PQ¥/ URddt&1th@habckft 1b@%d, soft, cal cined kaolin, and kaolin
conpri sing various coatings known to the art to facilitate the dispersion

in and conpatibility,wth the ther et resin;, ,mca, |,ncludj tallized
mca and mca surface® F&%nguf‘ﬁ ggﬁ}en%gp?éﬁgg(wﬁng\@hﬁ%oﬂa‘?pf@sm
coatings to i MA¢ hat@@OShPIMSIHEfThé AnsRaROUNSIRFestir od hatile bRH daRAK and
nephel i ne syenite; silicate spheres; flue dust; cenospheres; fillite;

al uni nosi | i cat éh¢ atkenspk prasnatis) monerey dindgthei naguies ef) thenernped apaly (ersdene

ether), as well as the curing conditions. Generally, the composition may

15  comprise the capped poly(arylene ether) in an amount of about 0.1 to about 12
parts, preferably about 0.5 to about 10 parts, more preferably about 1 to about 8
parts, per 100 parts resin.

In addition to the components discussed above, the curable resin
composition may, optionally, further comprise a curing catalyst. Curing

20  catalysts, also referred to as injtiators, are well known to the art and used t-o
initiate the polymerization, cure or crosslink any of numerous thermoplastics

and thermosets including unsaturated polyester, vinyl ester and allylic
thermosets. Non-limiting examples of curing catalysts are those described in
“Plastic Additives Handbook, 4% Edition” R. Gachter and H. Muller (eds.), P.P.

25  Klemchuck (assoc. ed.) Hansen Publishers, New York 1993 and in U.S. Patent
Nos. 5,407,972 to Smith et al, and 5,218,030 to Katayose et al. The curing
catalyst for the unsaturated portion of the thermoset may include any
compound capable of producing radicals. Such curing catalysts may include

both peroxy and non-peroxy based radical initiators. Examples of peroxy



alum nosilicate; natural silica sand, quartz; quartzite; perlite; Tripoli;
di at onaceous earth; synthetic silica, including those with v#é Udy2084 | ane
coatings, and the like. 10 The above fillers nay be used in netallized or
silane coated forms to inprove conpatibility and adhesion with the
‘thernoset blend. O her mneral fillers include silicon carbide to increase
the abrasive action of polyners; nol ybdenum sulfide to inprove the
lubricity, ziweoBBIide to inpart a white coloration; alzcaiviemsddicate
(rmullite), synthetic calcium15 silicate agd zirconiumsilicate to inprove
slip properties; bariumtitanate to enhance dielectric properties; barium
ferrite to produce magneti zed pol yners; and barium sul fate and heavy spar.

Fillers also i mhs.a net al . axi Wy di articul at r
fibrous alum ntr}%ﬂlé1 r%%ge, zllnngee or%)%gF, g%gi;:nnl (1313524&% ofalgﬁ%ragl\P X %%rzggxarrpl e,
20 thermal, el guittidg| dieongl peioxddey mipthyl ashyt i peroRilef I@B%IOFergﬁiﬂﬁﬁ rays.
Al um num hydr oxi de. may be incorporated to inprove the flammability of a

pol ymer resin. FFPPhexaRont sopridgde tREBbN, hdieperagidear HortBl adteré®ie use as
a potential ¢ tQ [ L IYRI @€ VA UGH | :
(conductive ca?H O%@%O%F%C%J%Oﬁ \rflgcg?ﬁ%e? Fgg?}ég{ tearrlgéé?'gkﬁulwe#b éégﬁlﬁie't e,
such as graphi t25-giovatleyl-2 Fdift-betylpsecky)-bex-ryaet di-tinrtiylpetoxicen dfbmtylcumyl
conductivity to the.formyl ati.on.. |y 2004, WD 01/53413 ,.USQ1/ 01695
50 B 1l er s al SEPHES AP RBTb etk SR DReRERS, 2O iHeT 0l ass
flakes, fl akeCiz_,ﬁiii(ﬂ-mﬁﬂpé%@bl%&m@Hiﬂifr'kﬁylﬁérgﬁﬁe,rdié%uqﬁgé%kﬁ‘ waphitalegs - and
steel flakes. Fllers al'so include short inorganic fibers, including
processed ni nerltylpetosgbenzesieh as t haddisfeputymerdymtineends cod@bisitng at

| east one of alym i|.Lcates, alum,pu i 15 nesi um Qxi , and
cal ci um sul f at MEW ?’%P%’. Fillers a ’gbdﬂln(r%é'fygg?dﬁ turcilﬁp%f) ié‘re’g&%%’nd
rei nf or cemaft s,digtimettagdsi)peroxidepttimethylailylpheriytriphibndsilyl ipagpxideo end eied
fibrous products such as cellulose, <cotton, sisal, jute, starch, cork
flour, lignin, 0 TRV SPSTisig  3f, lei"ﬁtc‘é‘eg?éa}? foregaing Kuring agents. .

Typical non-peroxy initlators include, for example, 2,3-dimethyl-23-
diphenylbutane, 2 3-trimethylsilyloxy-2,3-diphenylbutane, and the like, and

mixtures comprising at least one of the foregoing curing catalysts.

15 In a preferred embodiment, the curing catalyst may comprise t-butyl
peroxybenzoate and/or methyl ethyl ketone peroxide. The curing catalyst will
preferably promote curing at a temperature of about 0°C to about 200°C,
preferably about 20°C to about 50°C, more preferably about 25°C to about
40°C.

20 When present, the curing catalyst may be used in an amount of about 0.1
to about 10 parts, preferably about 0.2 to about 5 parts, more preferably about
0.5 to about 2 parts, per 100 parts resin.

The composition may, optionally, further comprise a curing promoter to

decrease the gel time. Suitable curing promoters include fransition metal salts

25  and complexes such as cobalt naphthanate and cobalt ethylhexanoate; and
organic bases such as N,N-dimethylaniline (DMA) and N,N-diethylaniline
(DEA). In one embodiment, cobalt naphthanate and DMA are used in

combination. When present, the curing promoter may be used in an amount of



Fillers also include synthetic reinforcing fibers including polyesters such
as pol yet hyl ene terephthal ate, polyvinylal cohol; and hi gh temaduly 2064 ber s
with high thermal stability, including basalt fibers, carbon fibers,
aromatic pol yam de fibers, pol ybenzim dazole, also polyrrnide fibers such
‘as polyimde 15 2080 and PBZ fiber (both products of Dow Chem cal Conpany,
M dl and, M chigan USA). pol yphenyl ene sulfide fiber, polyether ether

ket one, bor orwofi/sséxss, ceramic fibers such as silicon carbiTesol/emes fi bers
from m xed oxides of alum num boron andsgilicon sold under the trade nane
“Nextel" by 3M Co., St. Paul, M\, USA. 20 Fillers also include single
crystal fibers or "whiskers", i ncI ud| ng silicon carbide, al um na, boron
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copol yner s10r eantthyblleakbdinl asthy@stées givlldrbsetaphenoneCharairithen ldeppdrelxes

i ncl ude those once sold under the tra VQLA are included. Silanes
i ncl ude ol ecul BEUHEFIRPETRS gfwt gre %ttetp‘ ffl’ﬁ%‘?én%%‘t@mﬁﬂ?ﬁr Yn wherein

n=1.3, Ris an alkyl or aryl group and Y is a reactive functional
. The composition may further comprise additives known in the art,

including, for example, flame retardants, flame retardant synergists, mold
release agents and other lubricants, antioxidants, thermal stabilizers, ultraviolet

15  stabilizers, pigments, dyes, colorants, anti-static agents, fibrous reinforcements,
disc-shaped fillers, low-aspect ratio fillers, synthetic and/or natural resins
including thermoplastic elastomers, additional low profile additives, and the
like.

Flame retardant compounds include those known to the art as described

20  innumerous publications and pateﬁts known to those skilled in this art. Useful
in formulating flame retardant compositions are, for example, brominated
flame retardant compounds. . Preferred brominated flame retardant
compounds include, for example, 1,3,5-tris(2,4,6-tribromophenoxy)triazine,
polybrominated diphenyl ethers, i:oly(2,6-dibromopheny1ene ether),

25  brominated polystyrene, brominated cyclododecane, brominated bisphenol-A
diglycidyl ether, hydroxyethyl ether, C1.100 aromatic or mixed aromatic-
aliphatic phosphate esters such as triphenyl, tricresyl phosphate, tris(2-
allylphenylphosphate), tris(2-methoxy-4-allylphosphate), tris(2-



15 group which can enable formation of a bond with a pol ynmer nol ecul e.
Particul arly useful exanples of coupling agents are those hatédglyt2oe4
structure (RO 3SiY. Typical exanples include vinyl-triethoxysilane, vinyl
tris(2- nethoxy)silane, g-nethacryl oxypropyltrirnethoxy silane, g-

am nopropyl triethoxysil ane, g-glycidoxypropyltrinethoxysilane, 9 20

nmer capt opropyl tri met hoxysil ane. Titanates include . those devel oped by S.
J. Mnte et WPOSMI3ANN. Chem Tech Conf. SPI (1980), AnnpciVessoGenf .

Rei nforced Plastics and Conposite inst. $P 1979, Section 16E, New
Oleans; and S. J. Mnte, Md. Plastics Int., volune 14 (1984), no. 6. pg.
2. Zirco-alum nates I ncl ude those described by L. B Cohen in Plastics

Engi neeri ng, , ho. 11, pg. 2 0 ter
may be incl udng EE! P?ﬁh n%ﬁ%ﬁorlrgse{tl ng resin |tse9°f ( or cg §n$3‘agﬁy of
the fillers dedts(iliphenylphosphhi estefplod bisphetidssnh abeiayheﬂoluae:et,orbmer oend the
thernosetting resin. For exanpl.e . ugﬂ pro ters_ nay be used tgo coat a

silicate fiber TgATqquRQRe PotheRisdi OraHFdet)T'lé’f Aeaninenaish 3 19 July
2004 WO 01/ 53433, %%{aﬂ-ﬁ%/ Qilﬁé@en&%tl Cainb ﬂ@t)édab? OsupRfidle &#Rf | hgant s

such as fatty alc s and t |c acid esters i1nc ng cetyl,
stearyl and5t altherefrbmal Bdiroininated ﬂemeynetardaht.p atepsed, St Bapreferyedt that dtee,

ohyeura monooredmie Sried: o D AnShialedr By SRR B B My ot .
glycerol trist eatratts gedusiyBlelist elani¥0onane PréfefdbBAERhRy thALTIMETHE Mzght ol
tetrast ear at e, butyl st ear at e, |sobutyl stearate, stearic acids,

hydr oxyst ear i ¢ baemine cgn@rttofatbpéla@mr@rer a@#@imwfo@btﬁ@spéa?ﬁﬂﬂ)le ene
di |
e e, Gl A S L B TR IS e B AR g

| ead stearate, StearicC aci
cal ci um soap 1Q11eleatﬂapmpeg:tesorrpl ex esters, fatty al cohol fatty acid esters
including isotridecyl stearate, cetyl palmtate, stearyl stearate, behenyl

behenat e, nontanic i d, ...nont n| .C, acCi th n | ycol esters, .nontanic
acid glycerol est ergjc sefpt}fillern apd re %@Eﬁ‘i@"\?ﬁﬁb‘?ﬁ%ﬁm@fé’rﬁ e aft KoM soap
contai ni ng MNt&BRLEm éﬁt & RDHEY &heg £obefticd IOf FPPAMAE) FxBmphl Hf WHRHTRIE RALE
| i near or branched pol yet hyl ene Spartially saponi tpl ed pol yet hyl ene wax,
et hyl ene- vi nyI é}'ltg e those described in “Plastic Additives Handbook, 4t
Edition” R. Gachter and H. Muller (eds.), P.P. Klemchuck (assoc. ed.) Hansen
156  Publishers, New York 1993. Non-limiting examples of fillers include silica

powder, such as fused silica and crystalline silica; boron-nitride powder and

boron-silicate powders for obtaining cured products having low dielectric
constant and low dielectric loss tangent; the above-mentioned powder as well
as alumina, and magnesium oxide {or magnesia) for high temperature
20  conductivity; and fillers, such as wollastonite including surface-treated
wollastonite, calcium sulfate (as its anhydride, dihydrate or trihydrate),
calcium carbonate incduding chalk, limestone, marble and synthetic,
precipitated calcium carbonates, generally in the form of a ground particulate
which often comprises 98+ weight % CaCOs with the remainder being other
25  inorganics such as magnesium carbonate, iron oxide and alumino-silicates;
surface-treated calcium carbonates; talc, including fibrous, modular, needle
shaped, or, preferably, lamellar talc; glass spheres, both hollow and solid, and
surface-treated glass spheres typically having coupling agents such as silane
coupling agents and/or containing a conductive coating; and kaolin, including



crystal line polyethyl ene wax; natural or synthetic paraffin including fully
refined wax, hardened paraffin wax, synthetic paraffin wax, 18 dilp2804 and
liquid paraffin; fluoropolynmers including polytetrafl uoroethyl ene wax,
copolymers with vinylidene fluoride, and m xtures conprising at |east one
of 20 the foregoing lubricants. Fillers may al so include

buckm nsterful | erenes, conductive carbon fibers, vapor-grown carbon

fi bers, nanotwWhelssssider ogel s and xerogels. Preferred vaporcigusowwssesar bon

fi bers include those having an average di ggreter of about 3.5 to about 500
nanoneters as described in, for exanple, U S. Patent Nos. 25 4,565,684 and
5,024,818 to Tibbetts et al.; 4,572,813 to Arakawa; 4 663, 230 and

5,165,909 to Ten .10 u et .al 876 kama et
o g0, 1550 Mty e Kockd, Snf KB HeflbrEinglvatight Sodiks WSS ¢
fillers such ashé&tetmfaaihaataﬂmsd@suisxbmbbm&compﬁba&yw&ewmoaét&es@e used.
Exanpl es of thernoplastics inglude powdery en%lneerin resins, 16 July 2004

WO 01/ 53413 PCFPEB(’J‘?IB‘?EGESM@J}Z%@FF%@%BF%% psriseaied VHE amippslanescor
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polyester, po )éﬁ;ﬁc@&y aQ&Q@%& Boﬂgﬁf%oanﬁhﬁ B l%8}n¥>% %1 89 yether

sul f one, and po ery as - pol yet hy ede
pol ypr opyl eéhe &ddsmmlayldmmelm}d syepﬂe;tsdmate]ﬁphiataapﬂm@ﬂas:t cmﬁplmrem fillige;
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such as pol ybuwagmb@ew(&ae%dacqam Clpiart Cpalie)| TppRct
nodi fi ers, such as polynethylnethacrylate- pol y Iﬁéjsacrylate

pol y(acryl oni t didtembeaoad; earth; styyhetie) si @ollyelydmge eavity satious kidgne

copol ynmers, pol h rylate but adi ene-styrene) 10 terpol yners;

pol yphenyl ene e%%nﬁé’éhqﬁﬁFggg propyl ene rubbers including diene nodified
et hyl ene propyl ene rubbers and but adi ene/ styrene bl ock copolyners. Fillers
may al so i Bl ude or'@lamhbmfei fillers snayusshusesl inuipbiailizediarcilané ngated forms to

acryl at e- but adi.ene _rubber .0pol rs. of .ethyl. acrylate {or other
acryl at es) andUTB“QE§ﬁHWPﬁgﬁﬁﬁﬁFxgﬁmgoﬁﬁﬁ§H%¥ﬂFﬁﬁF¥@§%?¥ftates

vul cani zation (acrylic rubber), terpolyner fromtetrafl uoroethyl ene,
trifluoronitrosonetdie, mafeehl Nfilldi $lude silicon carbide to increase the abrasive

action of polymers; molybdenum sulfide to improve the lubricity, zinc sulfide

to impart a white coloration; aluminum silicate (mullite), synthetic calcium

15  silicate and zirconium silicate to improve slip properties; barium titanate to
enhance dielectric properties; barium ferrite to produce magnetized polymers;
and barium sulfate and heavy spar.

Fillers also include metals and metal oxides, including particulate or

fibrous aluminum, bronze, zinc, copper, and nickel to improve, for example,

20  thermal, electrical conductivity or resistance to neutron or gamma rays.
Aluminum hydroxide may be incorporated to improve the flammability of a

polymer resin.

Fillers also include carbon, such as carbon black for use as a potential
colorant or to achieve improved volume conductivity (conductive carbon
25  black) and heat deflection temperature. Graphite, such as graphite powder

may be used to impart lubricity and/or conductivity to the formulation.



perfluorobutyric acid (nitroso rubber), ethylacrylate-acrylonitrile
copolynmer (acrylate rubber), alkylene sulfide rubber, ureththéuly didzer -
based on polyester, butadi ene rubber (polybutadiene), bronobutyl rubber,
chi orobutyl rubber, 20 polychlorotrifluoroethylene (fluoro rubber),

chl oropol yet hyl ene, epi chl orohydri n honopol yner rubber

(pol ychl or onet hyt oxi ran), chi oroprene rubber (polychl oroprene),

chl or osul f onW®ekssashyl ene, et hyl ene-ethyl acrylate copotommEs01/§1695g. ,
VAMAC(c)), copolyner of ethylene oxide (oxjran) and chl oromnethyl oxiran
(epi chl orohydrin rubber), epoxidized natural rubber, 25

et hyl ene- propyl ene--di ene terpolyner, ethyl ene-propyl ene copol yner,

uret hane rubber basgd on pol.yet her i.chi orohvdrin- et hyl eneoxi

Lerpolymer ot hyl ofBe Ay Acde Pt A AR G bR ER Al i 1
fluoro groups, flaketbiiBforhavbitg aldhiien dibofilie)@heninkit flales fdndatebilikaxy
substituent groups on the polyner chain, copolyner from propyl ene oxide
and allyl glycidyl ether, 16 | y,2004 WO 01/.53413 PCT/ USOL/ 01695 24
hydr ogenated nitril ﬁﬁﬁﬂ%??wﬁggﬁﬁP?Pﬁﬂgﬁpg %émﬂﬂgggﬁnPﬁﬁ? eEHer ) |
pol yi sobut ene, SyRtdheh b6 th3@RERPL! FrHROREndd dodibiihisg hi 162RSnE WP BREmind®t hy
silicone rubber, acrylonitrile-butadi ene rubber, acrylonitrile-chl oroprene
rubber acr y? onisflicates- i dupirame oxisiesr  mpguesiuan e okidieb e randp otajdiimc Gulfateher, 5
vinylpyridinef?yt kﬁeee rubber, polyethylene, and nmethyl silicone rubber
with phenyl g 85%@? I'lers may al so include pol yfl uoral koxyphosphazene,
pol ynor bor nene, propyl eneoxi de rubber, pol ypropyl ene,

vi nyl pyri di ne- st yr eRifletsuslacliiarhede natuar fillers etldaregnfpubivents, sudt by wedl | cone
rubber with ph | and vjnyl 10 groups, .styrene-butadi ene rubber,

tyrene. bur adt SREE eBents DY putie ElgoRgbrand SRR SbpoE S Setdiesy,
styrene-clil or g&6n&isall 3RS staiRf) o6tk HRWANGi, ab@dH nEPiMIs Sdovh, &Re-griiaPr eNe

| ubber, styrene-isoprene-styrene bl ock copolymer (thernoplastic

el ast orrer) 10 polhyesks. ogl ycol et her, tetrafl uoroethylene, polysulfide
rubbers, trans-polyoctenaner, trans-polypentenaner, 15 thernoplastic

el astoners, thernop i LS 1@9@' i I nmet hyl
silicone rubber w ttuﬂéésnagsloqglrﬂé% ) t@%&%ﬁ%ka Ifgé}ép%ﬁ/lg I%//ﬂ é%@%ﬁ% si on
pol ynmer, sol ut iaspofyethyiare, tegiphtfekite rhdyivinylblrehol; and high tenacity fibers with

high thermal stability, including basalt fibers, carbon fibers, aromatic

polyamide fibers, polybenzimidazole, also polyimide fibers such as polyimide
15 2080 and PBZ fiber (both products of Dow Chemical Company, Midland,
Michigan USA). polyphenylene sulfide fiber, polyether ether ketone, boron
fibers, ceramic fibers such as silicon carbide, and fibers from mixed oxides of
aluminum, boron and silicon sold under the trade name “Nextel” by 3M Co.,

St. Paul, MIN, USA,

20 Fillers also include single crystal fibers or “whiskers”, including silicon

carbide, alumina, boron carbide, carbon, iron, nickel, and copper.

_ Fillers also _include electrically conductive polymers, such as
polypyrrole, polyaniline, polyphenylene, polyacetylene, and substituted
derivatives there of, including derivatives substituted with G-Cos alkyl, Ci-Cos

25  alkoxy, Ci1-Css alkylearbonyl, Ci-Cos alkylcarbonyloxy, Ce-Cas aryl, Ce-Cos
aryloxy, Cs-Cas arylcarbonyl, and Cs-Cas arylcarbonyloxy.



pol y(vi nyl chl ori de-co-vinyl acetate-co acrylic acid), poly(ethylene-co-
vinyl acetate-co-acrylic acid). 20 Fillers may al so include bieoningomgent s
such as azo conpounds |i ke diazoam nobenzene, azobi sisobutyronitrile,
azodi car bonam de, azodi carbonic acid, benzene sul fonyl hydrazide,
benzene-1, 3-di sul fonyl hydrazi de, di phenyl oxi de-4, 4' -di sul f onyl hydr azi de,
p-tol uenesul fonic acid hydrazide, N, N dinitrosopentanethyl enetetraam ne,
N, N- di et hyl -\WDB/5328 di ni tr osopht hal axni de, and sodi um car@iEss/els¢d ends
wi th acidic conpounds such as tartaric agid. In a preferred enbodi nent,
the curable resin conposition conprises about 30 to about 70 parts of an
unsat urated pol yester; about 15 to about 50 16 July 2004 WO 01/53413
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about 12 parts of a capped poly(arylene érein alT anounts’ are
based on 100 p&EHIRK R, 85D and ME glabieg bhd gparef.er red enbodi nent, the conposition
conpri ses about 30 to about 70 parts of an unsaturated pol yester; about 15

to about 50 parts 5_styrene; ahout t o about ts of a capped .

pol y(aryl ene et her) Tﬁﬁ%iaﬁﬁreﬁﬁm PRRG %]r\%rﬁc?"%)fi E%B&ﬁi‘%p‘@{%ﬁ‘ea%ﬁﬂ?" B%ﬁ 16" about
0.35 dL/g; abouitkbuk ahg ARHENA 0P AkdrSurfabe ﬁe:&ﬂ{ehﬂ%eﬁéﬂaﬁjr ¥sith aBgdhabaut 0. 01
to about 1 garts of a curing pronoter; wherein all anmounts are based on

100 parts resipromptsyi || be understood that the invention includes uncured,
partially 10 cured, and fully cured conpositions. There is no particul ar

imtation on the myphods. i phy W EHEAI SandRH BoRbRiPtOBRIE

Sui tabl e nmethods include, for exanple, hand |lay-up a spray |ay-up,
casting, sheet adbesiom@f thritHermoseiiiimg resimje the Hliternw iwi argextemal toakkigoor,

vacuum i npregnatjon, and the Like. 15 There.s no particular |i.m tation on
{he et hod by \HPUFAtEhe-ise BRITLF 5 BREHRSH G5 e Preroncd iGeref Wiy, f or
exanpl e, be curggy bé e&E!With @hd Bhéssd grdnidietiodinRBvé aghaion esdhdsisl udi ng

Wirradiation and electron beamirradiation.:In a preferred enbodi nent,
t he conposil®i orprpeotass inghide elyomivg. complexes, silanes, titanates, zirco-aluminates,

propylene maleic anhydride copolymers, reactive cellulose esters and the like.
Chromium complexes include those once sold under the tradename VOLAN®
are included. Silanes include molecules having the general structure (RO)e-
25i¥n wherein n=1-3, R is an alky! or aryl group and Y is a reactive functional
15  group which can enable formation of a bond with a polymer molecule.
Particularly useful examples.of coupling agents are those having the structure
(RO)SIY.  Typical examples include vinyl-triethoxysilane, vinyl tris(2-
methoxy)silane, g-methacryloxypropylirimethoxy silane, g-
aminopropyliriethoxysilane, g-glycidoxypropylirimethoxysilane, g-
20  mercaptopropyltrimethoxysilane. Titanates include. those developed by S. J.
Monte et al. in Ann. Chem. Tech Conf. SFI (1980), Ann. Tech Conf. Reinforced
Plastics and Composite inst. SPI 1979, Section 16E, New Orleans; and S. .
Monte, Mod. Plastics Int., volume 14 (1984), no. 6. pg. 2. Zirco-aluminates
include those described by L.B. Cohen in Plastics Engineering, volume 39,
25  (1983), no. 11, pg. 29. The adhesion promoter may be included in the
thermosetting resin itself, or coated onto any of the fillers described above to
improve adhesion between the filler and the thermosetting resin. For example
such promoters may be used to coat a silicate fiber or filler to improve adhesion

of the resin matrix.



20 tenperature curing. For exanple, the conposition may be cured under
conditions conprising a curing tenperature not greater than #duly 260C
(preferably not greater than about 40C, nore preferably not greater than
about 30C) and a curing tine not greater than about 5 hours (preferably
not greater than about 1 hour, nore preferably not greater than about 30
mn). A cured 25 conposition will preferably exhibit a Barcol surface

har dness neaswo @gb341accordi ng to ASTM D2583 of at | east abmrmwus80169%0r e
preferably at |east about 40. 16 July 20042 WD 01/53413 PCT/ US01/ 01695 26
The invention is further illustrated by the follow ng non-limting

exanpl es. EXAMPLES 1-6, COVPARATI VE EXAMPLES 1-6 The unsaturated pol yester
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reaction of thé’ent?'&?y-rgﬁi?g %Ea%z%é’é’@ﬁt%?tﬁfﬁ%%@tﬁrﬁ@f gte%?"t ?Fl‘?c\lae%'acr ylic
anhydri de, usi ngdr@¥yeeadsr 83dde36E 1 RAd athidé, Serdlahfdd, ARPLEfIAR IR | al.
No. 09/440,747, ‘filéd Novermber 16, 1999. A commercial LPA containing a
pol yvi nyl acet stiamines calpiugi gtegrade Zinc stpardte oneutral deadCsteprate, dikegic derdd as

conmparison. The,_ initjator kat 1 Xf.ur e []Ng. 16 t
met hyl et hyl ketsger%aqe’p% FOXi %gé%@%%fm%ﬁ%gpt%ééy@ glrd? énoélt' I%%’ér%}%te*es f gaclg a %é/aﬁ)
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di ssol uti on was achiev
acid pentaerythritol esters, calcium soap containing montanic acid esters,

calcium montanate, sodium montanate; linear or branched polyethylene,
15  partially saponified polyethylene wax, ethylene-vinyl acetate copolymer,
crystalline polyethylene wax; natural or synthetic paraffin including fully
refined wax, hardened paraffin wax, synthetic paraffin wax, microwax, and
liquid paraffin; fluoropolymers including polytetrafluoroethylene wax,
copolymers with vinylidene fluoride, and mixtures comprising at least one of

20  the foregoing lubricants.

Fillers may also include buckminsterfullerenes, conductive carbon
fibers, vapor-grown carbon fibers, nanotubes, acrogels and xerogels. Preferred
vapor-grown carbon fibers include those having an average diameter of about
3.5 to about 500 nanometers as described in, for example, US. Patent Nos.

25 4,565,684 and 5,024,818 to Tibbetts et al; 4,572,813 to Arakawa; 4,663,230 and
5,165,909 to Tennent; 4,816,289 to Komatsu et al.; 4,876,078 to Arakawa et al,;
5,589,152 to Tennent et al.; and 5,591,382 to Nahass et al.

Organic fillers such as thermoplastics and rubbers or elastomers may

also be used. Examples of thermoplastics include powdery engineering resins,



m xture was then added the Q6585 resin. Once m xed thoroughly, the curing
catal yst, MEKP, was added using a calibrated syringe. Wen teJulesdd4sing

m xture was sufficiently m xed, the curing pronoter was then added, again
25 using a calibrated syringe. The individual m xtures were then poured
into molds and placed in an air convection oven set at 35C. 16 July 2004
WO 01/53413 PCT/ USOL/ 01695 27 The onset of gelling occurred within the
range of one Wd¥53413 two hours, each with a substantial BHHENGGS aft er
whi ch the parts appeared hard and cured. 26enerally, sanples containing the
PPE- MAA cured in short tinmes, and those w thout PPE-MAA took |onger. The
nol ds were then taken fromthe oven and allowed to cool to ambient

condi tions. The_sanpl es re.all.owed t Lt far ou ir

final length vvaséla}reaassur Béér.?cafﬁ%“a&%r cg}lef&gﬁlr%%éﬁ agjé)l)%\%aeg cg@ggﬁérgge%m%ix}g’
conparing the igeljphahyleasgéthet, 0 polyeulforinl Fblgagéh,sumae,e dnide polysctylate; | engt h
Is the length of the npoJd, and the fipal [ength is the Iengtoi of %ﬂe

mol ded bar af t FOWSFY REYRKkENS£uRh @ Polvethyiance RelyErARTISTeGHS. Pl e Ylesul t s

are, Present ed i kabliealoRRihohoM Al piRraRERASH RS NLeu b ARDIceS. 1O,

i
wi th a capped aryl ene”et reduced” shri nkage ohpared to
conposi ti ons wipgrbpyehe viopdiymert ablraatidt hpdpethjlehe;ncethiéne Aginyeatate i n
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| abel ed #1 ("UPR + 4% PVA™) and #3 ("UPR neat"), correspondi n? to
Conpar ati ve Exaobftedylacrglate, 2, mpebfeayionitile-busadiquastprene), ex hipplnstyrigned pl e
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10  terpolymers; polyphenylene ether; ethylene propylene rubbers including diene

modified ethylene propylene- rubbers, and butadiene/styrene block
copolymers.

Fillers may also include organic fillers such as rubbers, including
acrylate-butadiene rubber, copolymers of ethyl acrylate (or other acrylates) and

15  a small amount of a monomer that facilitates vulcanization (acrylic rubber),
terpolymer from tetrafluoroethylene, trifluoronitrosomethane, and nitroso-
perfluorobutyric acid (nitroso rubber), ethylacrylate-acrylonitrile copolymer
(acrylate rubber), alkylene sulfide rubber, urethane rubber based on polyester,
butadiene rubber (polybutadiene), bromobutyl rubber, chlorobutyl rubber,

20  polychlorotrifluoroethylene (fluoro rubber), chloropolyethylene,
epichlorohydrin homopolymer rubber (polychloromethytoxiran), chloroprene
rubber (polychloroprene), chlorosulfonylpolyethylene, ethylene-ethyl acrylate
copolymer (e.g., VAMAC®), copolymer of ethylene oxide (oxiran) and
chloromethyloxiran (epichlorohydrin rubber), epoxidized natural rubber,

25  ethylene-propylene-diene terpolymer, ethylene-propylene copolymer, urethane
rubber based on polyether, epichlorohydrin-ethyleneoxide terpolymer,
ethylene-vinylacetate copolymer, methyl silicone rubber with fluoro groups,
rubber having fluoro or fluoroalkyl or fluoroalkoxy substituent groups on the
polymer chain, copolymer from propylene oxide and allyl glycidyl ether,
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hydrogenated nitrile rubber, isobutylene-isoprene rubber (butyl rubber),
polyisobutene, synthetic isoprene rubber, liquid silicone rubber, methyl
silicone rubber, acrylonitrile-butadiene rubber, acrylonitrile-chioroprene
rubber acrylonitrile-isoprene rubber, isoprene rubber, polyglycol ether,

5  vinylpyridine-butadiene rubber, polyethylene, and methyl silicone rubber with
phenyl groups.

Fillers may also include polyfluoralkoxyphosphazene, polynorbornene,
propyleneoxide rubber, polypropylene, vinylpyridine-styrene-butadiene
rubber, urethane rubbers, methyl silicone rubber with phenyl and vinyl

10 groups, styrene-butadiene rubber, styrene-butadiene-styrene block copolymer
(thermoplastic elastomer), styrene-chloroprene rubber, polysiloxane treated
EPDM, styrene-isoprene tubber, styrene-isoprene-styrene block copolymer
(thermoplastic  elastomer), polythioglycol ether, tetrafluoroethylene,
polysulfide rubbers, trans-polyoctenamer, trans-polypentenamer,

15  thermoplastic  elastomers, thermoplastic  polyolefins, thermoplastic
polyurethanes, methyl silicone rubber with vinyl groups, crosslinkable
polyethylene, emulsion polymer, soluton polymer, oil-extended rubber,
poly(vinylchloride-co-vinyl  acetate-co acrylic acid), poly(ethylene-co-

vinylacetate-co-acrylic acid).

20 Fillers may also include blowing agents such as azo compounds like
diazoaminobenzene, azobisisobutyronitrile, azodicarbonamide, azodicarbonic
acid, benzene sulfonyl hydrazide, benzene-1,3-disulfonylhydrazide,
diphenyloxide-4 4'-disulfonylhydrazide, p-toluenesulfonic acid hydrazide,
N, dinitrosopentamethylenetetraamine, N,N-dimethyl-N,N'-

25  dinitrosophthalamide, and sodium carbonate blends with acidic compounds

such as tartaric acid.

In a preferred embodiment, the curable resin composition comprises

about 30 to about 70 parts of an unsaturated polyester; about 15 to about 50
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parts of an alkenyl aromatic monomet; and about 0.1 to about 12 parts of a

capped poly(arylene ether); wherein all amounts are based on 100 parts resin.

In a highly preferred embodiment, the composition comprises about 30

to about 70 parts of an unsaturated polyester; about 15 to about 50 parts

5  styrene; about 1 to about 8 parts of a capped poly(arylene ether) having an
. intrinsic viscosity of about 0.10 to about 0.35 dL./g; about 0.1 to about 4 parts

of a curing catalyst; and about 0.01 to about 1 parts of a curing promoter;

wherein all amounts ate based on 100 parts resin.

It will be understood that the invention includes uncured, partially

10  cured, and fully cured compositions.

There is no parficular limitation on the methods by which the curable
resins are processed. Suitable methods include, for example, hand lay-up and
spray lay-up, casting, sheet molding, bulk molding, injection molding,
pultrusion, vacuum impregnation, and the like.

15 There is no particular limitation on the method by which the
composition may be cured. The composition may, for example, be cured
thermally or by using irradiation techniques, including UV irradiation and

electron beam irradiation.

In a preferred embodimenf,’ the compositibn is suitable for low-
20  temperature curing. For example, the composition may be cured under
conditions comprising a curing temperature not greater than about 50°C
(preferably not greater than about 40°C, more preferably not greater than about
30°C) and a curing time not greater than about 5 hours (preferably not greater
than about 1 hour, more preferably not greater than about 30 min). A cured
25  composition will preferably exhibit a Barcol surface hardness measured
according to ASTM D2583 of at least about 30, more preferably at least about

40.
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The invention is further illustrated by the following non—liﬁaiting

examples.
EXAMPLES 1-6, COMPARATIVE EXAMPLES 1-6

The unsaturated polyester resin system used in these examples was the

proprietary resin obtained from Ashland as Q6585. It is described by its

5 manufacturer as “high-reactivity, thickenable, polyester resin for use in low

profile and controlled shrink applications.” The datasheet supplied with the

material indicates a styrene content of 35 weight percent. In Examples 1-6, the

LPA was a capped poly(arylene ether). Specifically, the capped poly(arylene

ether)s were methacrylate-capped poly(2,6-dimethylphenyl ether)s (PPE-MAA)

10  having intrinsic viscosities of 0.12 and 0.31 dl/g as measured in chloroform at

23°C. The capped poly(arylene ether)s were prepared by reaction of the

corresponding uncapped polyarylene ethers with methacrylic anhydride, using

procedures described in US. Patent Application Serial No. 09/440,747, filed

November 16, 1999. A commercial LPA containing a polyvinyl acetate,

15  obtained as LP-40A from Union Carbide, was used as comparison. The

initiator package ﬁras mixture of the curing catalyst methylethyl ketone
peroxide (MEKP) and the curing promoter cobalt ethylhexanote.

The compounding was conducted as follows. Styrene was weighed into

a disposable beaker and to this was added the LPA. .In the case of FPE-MAA,

20  the mixture was then heated briefly (less than 10 minutes) on a water bath at
about 60°C with hand mixing until complete dissolution was achieved. To this
mixture was then added the Q6585 resin. Once mixed thoroughly, the curing
catalyst, MEKP, was added using a calibrated syringe. When the resulting
mixture was sufficiently mixed, the curing promoter was then added, again

25  using a calibrated syringe. The individual mixtures v;rere then poured into

molds and placed in an air convection oven set at 35°C.
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01/ 53413 PCT/ USOL/ 01695 29 EXAMPLE -7, COVPARATI VE EXAMPLES 16 4y 2834ng 't he
procedures descri bed above, seven sanples containing the unsaturated

pol yester resin Ashland Q6585 were prepared with variations in

poly(aryl ene ether) capping (none or nethacrylate cap), intrinsic viscosity
(0.12, 0.25, or 0.31 dL/g), and anobunt. Al sanples were cured for 16
hours at 35CwGoEhasresults are presented in Table 2 and BITowot41e1s Exanpl e
8, with a nethacryl ate-capped poly(aryleng ether), cured nore rapidly than
conpositions wth uncapped poly(arylene ether)s or with no LPA. 16 July
2004 WO 01/53413

The onset of gé]ling occurred within the range of one half to two hours,
each with a substantial exotherm, after which the parts appeared hard and
cured. Generally, samples containing the PPE-MAA cured in short times, and
those without PPE-MAA took longer. The molds were then taken from the

5 oven and allowed to cool to ambient conditions. The samples were allowed to
sit for 24 hours before their final length was measured. The percent shrinkage
 was calculated by comparing the initial length to the final length, where the
initial length is the length of the mold, and the final length is the length of the

molded bar after curing and 24 hours at ambient conditions.

10 The results are presented in Table 1 and show that the compositions of
Examples 1-6, with a capped poly(arylene ether), exhibit reduced shrinkage
compared to compositions with polyvinyl acetate and those with no LPA. As
shown in Figure 1, compositions of the invention also exhibit reduced
brittleness. In particular, the sample labeled #2 (“UPR + 4% Unsat.-PPE"),

15  corresponding to Example 1 of Table 1, is uncracked, whereas the samples
labeled #1 (“UPR + 4% PVA") and #3 (“UPR neat”), corresponding to
Comparative Examples 1 and 2, respectively, of Table 1, exhibit multiple cracks
and fractures.
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MD  u~. ~ 16 July 2004 WO 01/53413 PCT/US01/01695 31 EXAMPLES 8-13,
COVPARATI VE EXAMPLE 11 Seven sanples were prepared with vari & Jung800h
capped poly(arylene ether) intrinsic viscosity and anount. The unsaturated
pol yester resin (UPR) used in these sanples was a proprietary resin
~obtained from Al pha Ovens Corning as ACC XV2346, which is described by its
manuf acturer as containing 5 40-60% styrene and 40-60% sol i ds. The capped
pol y(aryl ene v #iessd18 were net hacryl at e- capped pol y( 2, 6- diargishytipiseny|
ether)s having intrinsic viscosities of § 12 and 0.31 dL/g, prepared
according to the procedure refer enced above. For all sanples, the curing
pronoter was cobalt naphthanate. sanpl es were cured for about 24

24hours at 25 %Ae}&% %R@IH W shrl nkage results are
presented in T E]Q%he resu I'm |caFﬁé %at a noderate anount (2% or

4% of either capped poly(arylene ether) reduced curing shrinkage, while
hi gher amount s causUeingxihangbeduresFigorieealsiveysevemagospled cordaining thehe

| ded t I t h
Mt rinsi o vi scler a%q«i% ohy3 f%%e@u%%ﬂwﬁ%éé%qeﬁ%féreﬂm fiptchs T
correspondi ng aﬁ tH R pigdhotedr iiMBacriatdeap intrihdic v%cosﬂ@(ﬁ 128; 3 =
Ex. 9; 4 = he fllgjgure showsthat t he sarrplelabeled(l)

cor r espondi ng 10@5091' X dbig)wkndhameuntd d‘éhsa@apipwemw@bfo;ﬂéﬁ@u@q HAPIC.

exhi bited _.shri whereas t 2 rre Lo Ex.

8 with 2 Wei g %F%l W?Fglé‘reyl %ggiglo%\p% gﬁg;}%a’%@ f &xam ;ahﬁ.gw ng an

intrinsic 20 Vlrﬁélﬂ@dr% teOd‘a Ped 2 Ifbﬂ#é@ngl@éhléthéﬁ,d Eﬁ@dceﬂmﬁé’lrlrdi}ﬁ  thns. 9
wei

and 10, with 4 t percent an rcent nethacryl ate-capped
pol y(aryl ene etcwysmomfe@ﬁb@ppwegpoa&w e etheps pEMATG LS July 2004
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EXAMPLES 8-13, COMPARATIVE EXAMPLE 11

Seven samples were prepared with variations in capped poly(arylene
ether) intrinsic viscosity and amount. The unsaturated polyester resin (UPR)
used in these samples was a proprietary resin obtained from Alpha Owens
Corning as AOC XV2346, which is described by its manufacturer as containing

5 = 40-60% styrene and 40-60% solids. The capped poly(arylene ether)s were
methacrylate-capped  poly(2,6-dimethylphenyl ether)s having infrinsic
viscosities of 0.12 and 0.31 dl/g prepared according to the procedure
referenced above. For all samples, the curing promoter was cobalt
naphthanate. All samples were cured for about 24 24hours at 25°C. The

10  compositions and curing shrinkage results are presented in Table 3. The results
indicate that a moderate amount (2% or 4%) of either capped poiy(arylene

ether) reduced curing shrinkage, while higher amounts caused expansion,

Figure 2 shows images of four of the molded compositions comprising capped
poly(arylene ether) having an intrinsic viscosity of 0.12 dL/g, sample labels in

15 thefigure corresponding to example numbers as follows: 1=C.Ex.11;2=Ex.
| 8 3 = Ex. 9; 4 = Ex. 10. The figure shows that the sample labeled (1),
corresponding to C. Ex. 11 with no added capped poly(arylene ether), exhibited
shrinkage, whereas the sample labeled (2), corresponding to Ex. 8 with 2

weight percent methacrylate-capped poly(arylene ether) having an intrinsic

20 viscosity of 0.12 dL/g, exhibited reduced shrirﬂ<age,: Exs. 9 and 10, with 4
weight percent and 6 weight percent methacrylate-capped poly(arylene ether),

respectively, exhibited expansion.
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EXAMPLES 14-21

The components used for Examples 8-13 and Comparative Example 12-
11 were used to study the effect of curing catalyst and curing promoter

amount.

Compositions, curing conditions, and shrinkage results for eight
5  compositions are presented in Table 4. The results show that the capped
poly(arylene ether)s provide faster curing that can be used to reduce the

amount of curing catalyst and curing promoter at a given curing time.

Images of the eight molded parts, after curing, are provided in Figure 3.
The parts correspond, left to right, to Examples 14-21 in Table 4.
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While the inventon has been described with reference to preferred
embodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements thereof
without departing from the scope of the invention. In addition, many

5 modifications may be made to adapt a particular situation or material to the
teachings of the invention without departing from essential scope thereof.
- Therefore, it is intended that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments falling within

10 the scope of the appended claims.

All cited patents and other references are incorporated herein by

reference in their entirety.
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CLAIMS:
1. A curable resin composition, comprising:
an unsaturated polyester;

an alkenyl aromatic monomer; and

an amount of a capped poly(arylene ether) effective to reduce
curing shrinkage.

2. The curable resin composition of Claim 1, wherein the

unsaturated polyester is the reaction product of at least one polyhydric alcohol

with at least one polybasic acid comprising an unsaturated polybasic acid.

3. The curable resin composition of Claim 2, wherein the

- unsaturated polybasic acid is selected from the group consisting of maleic acid,

fumaric acid, itaconic acid, citraconic acid, chloromaleic acid, dimeric
methacrylic  acid, madic acid, tetrahydrophthalic acid, endo-
methylenetetrahydrophthalic acid, hexachloro-endo-
methylenetetrahydrophthalic  acid, halogenated phthalic acids, the
.corresponding esters and anhydrides of the foregoing unsaturated polybasic
acids, and mixtures comprising at least one of the foregoing unsaturated

polybasic acids, esters, and anhydrides.

4. The curable resin composition of Claim 2, wherein the polyhydric
alcohol is selected from the group consisting of ethylene glycol, propylene
glycol, diethylene glycol, dipropylene glycol, 1,2-butanediol, 1,3-butanediol,
1A4-butanediol, neopentyl glycol, glycerol, triethylene glycol, pentanediol,
hexylene glycol, hydrogenated bisphenol A, bisphenol A-alkylene oxide
adducts, tetrabromobisphenol A-alkylene oxide adducts, and mixtures
comprising at least one of the foregoing polyhydric alcohols. |

tM
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5. The curable resin composition of Claim 2, wherein the polybasic
acid further comprises a saturated or aromatic polybasic acid selected from the
group consisting of succinic acid, adipic acid, sebacic acid, azelaic acid,
dodecanedioic acid, eicoic acid, phthalic acid, isophthalic acid, terephthalic

5  acid, the corresponding esters and anhydrides of the foregoing polybasic acids,
and mixtures comprising at least one of the foregoing saturated or aromatic

polybasic acids, esters, and anhydrides.

6. The curable resin composition of Claim 1, wherein the

unsaturated polyester is the reaction product of
at least one polyhydric alcohol comprising propylene glycol;

at least one unsaturated polybasic acid comprising maleic acid or

5  maleic anhydride; and

at least one aromatic polybasic acid comprising phthalic acid,

phthalic anhydride, or isophthalic acid.

7. The curable resin composition of Claim 1, comprising about 20 to
about 80 parts of the unsaturated polyester per 100 parts resin.

2
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has been described with reference to preferred enbodinents, it will be
understood by those skilled in the art that various changes may be nade
‘and equi val ents may be substituted for el enents thereof wthout departing
fromthe scope of the invention. In addition, many 5 nodifications may be
made to adaptW@oys@#8i cul ar situation or material to the RGEAIHINGS of the

i nvention w thout departing from essenti aBgscope thereof. Therefore, it is
I ntended that the invention not be [imted to the particular enbodi nent

di scl osed as the best. node contenplated for carrying out this 1invention,

but that the inventgon wil.ohpsdtdder lanm ¢ PRAIER LA AR k8 WohdMdd has
the structure

wherein each R! is independently selected from the group consisting of
hydrogen and Cr1-Ciz alkyl; each R? is independently selected from the group

5 consisting of halogen, C1-C12 alkyl, and Ci-Ci2 alkoxyl; X is nitrogen or carbon;
pislto4;and qis0to5.

9. The composition of Claim 1, wherein the alkenyl aromatic
monomer is selected from the group consisting of styrene, alpha-
methylstyrene, 2-methylstyrene, 3-methylstyrene, 4-methylstyrene, 2-t-
butylstyrene, 3-t-butylstyrene, 4-t-butylstyrene, 1,3-divinylbenzene, 1,4-

5  divinylbenzene, 13-diisopropenylbenzene, 1,4-diisopropenylbenzene, styrenes
having from 1 to 5 halogen substituents on the aromatic ring, vinylpyridine,
2,4-divinylpyridine, 2,5-divinylpyridine, 2,6~-divinylpyridine, 3,5-
divinylpyridine, 2,4,6-trivinylpyridine, and mixtures comprising at least one of

the foregoing alkenyl aromatic monomers.

10.  The curable resin composition of Claim 1, comprising about 10 to

about 70 parts of the alkenyl aromatic monomer, based on 100 parts resin.



10 the scope of the appended clains. Al cited patents and other references
are incorporated herein by reference in their entirety. 16 ggilyy 2604 WO
01/53413 PCT/ US01/ 01695 36 CLAIMS: 1. A curable resin conposition,
conprising: an unsaturated polyester; an al kenyl aromatic nononer; and an
anount of a capped poly(arylene ether) effective to reduce 5 curing
"shrinkage. 2. The curable resin conposition of Caim1l, wherein the
unsaturated pod§ess4er is the reaction product of at |eastpamsopobyghydric

al cohol wth at |east one pol ybasic acidagonprising an unsaturated

pol ybasic acid. 3. The curable resin conposition of Caim2, wherein the
unsat urated pol ybasic acid is selected fromthe group consisting of naleic

acid, fumaric aci i taconi c.acid, citraconi Ci |or i cid,.
dineric nethacryligL a??ﬁﬁ“ﬁ%HFéf%%FaFWP% ?%ﬁ%é?%%ﬁ?h%ﬁ?%&ﬁgﬁ%?hﬁﬁgo 5
nethylenetetra@mﬁq&gﬁhﬁaﬂh@lagﬂ%s&wwmﬁhloro-endo-

nmet hyl enet et rahydropht hal i ¢ aci d, hal ogenated phthalic acids, the
correspondi ng esters and anhydri des of(igﬁgﬂoregoing unsat ur at ed pol ybasic
acids, and m xtures conprising at |east=oneYof the foregoing unsaturated
pol ybasi ¢ acids, esters, and anhydrides. 4. The curable resin conposition
of Caim2, wheflgr&nihe thotegidydi of a rabssHydkici &hgddic ot pelyhydiia plemoliyoup
consi sting of ethylene glycol, propylene_ glycol, diethylene glycol,

di propyl ene gl y&bio 100; Ixopinrispersrermgunits hayaadbs gructare 4. hut anedi ol
neopentyl glycol, glycerol, triethylene glycol, pentanediol, 5 hexylene
gl ycol , hydrogenated bi sphenol A, /bpsphengl¢ A- & kyl ene oxide adducts,

t et r abr onobi sphenol A-al kyl ene ox{ de\addycts, and m xtures conprising at

| east one of the foregoing pol yhydri ohols. 16 July 2004 WD 01/53413
PCT/ US01/ 01695

m

5  wherein R3-R6 are each independently selected from the group consisting of
hydrogen, halogen, primary or secondary Ci-Ciz alkyl, Ci-Caz alkenyl, Ci-Crz
alkynyl, C1-Cy2 aminoalkyl, C1-Ciz hydroxyalkyl, phenyl, C1-Ci2 haloalkyl, G-
Ciz aminoalkyl, C1-Ciz hydrocarbonoxy, and Ci-Ciz halohydrocarbonoxy,
wherein at least two carbon atoms separate the halogen and oxygen atoms; m

10  is1 to about 200; and K is a capping group selected from the group consisting

of
R'll R12
. Rs . .
Y-
—_— 13
—y—7=% ( —\ngg jand 4 R
10
R R’lS R14

wherein R7 is Ci-Cpz alkyl; R&-R¥ are each independently selected from the
group consisting of hydrogen, Ci-Crz alkyl, Ci-Crz alkenyl, Ci-Ciz aryl, Ci-Cia
mixed (alkyl-aryl), Ci-Cia alkoxycarbonyl, Ci-Ciz aryloxycarbonyl, mixed
15 (alkyl-aryl)oxycarbonyl, nmitrile, formyl, carboxylate, imidate, and



37 5. The curable resin conposition of Claim?2, wherein the polybasic acid
further conprises a saturated or aromatic pol ybasic acid sel ¢ggtag200pm t he
group consisting of succinic acid, adipic acid, sebacic acid, azelaic acid,
dodecanedi oi ¢ acid, eicoic acid, phthalic acid, isophthalic acid,
terephthalic 5 acid, the corresponding esters-and anhydrides of the
‘foregoi ng polybasic acids, and m xtures conprising at |east one of the
foregoi ng saM@etsedsor aromati ¢ pol ybasi ¢ aci ds, esters,PGAHENEAEdri des.

6. The curable resin conposition of C aimg, wherein the unsaturated

pol yester is the reaction product of at |east one pol yhydric al cohol
conprising propylene glycol; at |east one unsaturated pol ybasic acid

conprising malei.c acid,qr. | efic anhydride: .and.a ast one_aromatic
ool ybasi ¢ aci d WETEPPYiak S%f‘%% T g dFyd%B%I%‘E%‘FI cseéer#]eﬁid Hoa the b ™
i sopht hal i ¢ acicgnsisfing TBE h§dfcehe hakgefl, CRURPSIKyl Ohydox{ ahd dmineprpdi si ng
about 20 to about_Sg_pargs of the upsaturated pol yester per 100 parts
resin. 0 1 6 Jurherendss pdivelens gvorp splereddom treapsup sesptingivb conposi tion of
Claim 1, wherein the al kenyl aromatic nononmer has the structure Rl 4R H2C
g wherein each R1,is independently selected from,he,group conpsighi ng of
hydr ogen and Cl - 1ﬁ | kyl; e jE R2 is 'nﬁe endent | el ect ed rﬁh1 he group
5 consisting of hakiogen, Cil-{C | kyl , [ahd] C7- Cl2 dl kbxyl ; X{i s ipitrogen or
carbon; pis ito %/and’ qis 0 5/ cd os“tl GPd aiﬁ?l wher ei n
the al kenyl aromatic nononer is selected fromt eFﬁroup cons's&@n of
styrene, al pha nethyl styrene, 2-nethylstyrene, 3 | styrene, :
4- et hyl styrene, 2-1 - :

wherein R* and R1” are each independently selected from the group consisting

20  of hydrogen and Ci-Cy2 alkyl.

12.  The curable resin composition of claim 11, wherein Q is the

residuum of a monohydric phenol.



butyl styrene, 3-t-butyl styrene, 4-t-butyl styrene, 1, 3-divinyl benzene, 1,4- 5
di vi nyl benzene, 1, 3-diisopropenyl benzene, 1, 4-diisopropenyl bemagpeoos
styrenes having from1l to 5 hal ogen substituents on the aronmatic ring,
vinyl pyridine, 2,4-divinylpyridine, 2,5-divinylpyridine,

2, 6-divinyl pyridine, 3,5- divinylpyridine, 2,4,6-trivinylpyridine, and

‘m xtures conprising at |east one of the foregoing al kenyl aromatic
nononers. 10.WOabg3¢dr abl e resin conposition of Claiml, CROFFNENING about 10
to about 70 parts of the al kenyl aromatig; nononer, based on 100 parts
resin. 16 July 2004 WD 01/53413 PCT/US01/01695 39 11. The curable resin
conposition of Claim1, wherein the capped poly(arylene ether)' has the

structure Qa-K)y erein iS the resi duum of nmonohydri.c,. di hydr.i c, or
pol yhydri c phenol ; |(sa[lhf ‘%85&@66?515 BT 8%s°fr(gﬁjﬁ'?af CUAT 8% |egg t he
structure 5 wWheohi(fryRee Rhedf @ngiihs & MigRengeapluvegltBestegtiveom t he group
consi sting of "hydrogen, hal ogen, primary or secondary Cl-Cl2 al kyl, Cl-Cl12

al kenyl, Cl1-Cl2 alkynyl, Cl-Cl2 am noal kyl, Cl:Cl2 hydroxyal kyl, phenyl,
Ca.-Cl2 hal oal kyl, Cl- C12 am noal ky Cl- Clg2 hydrocarbonoxy, and Cl1-Cl12
hal ohydr ocar bonoxy, wherein at |ea tggmo rbon\at ons separate the hal ogen

and oxygen atons; ml1l0 is 1 to abou 00; /and K ils a cappi ng group sel ected
fromthe group consisting of RP - and R13 wherein Ry is Cl-Cl2
al kyl ; R8-R10 are each independently sel ect\ed fyogm the group consi sting of
hydr ogen, Cl-Cl12 al kyl, C7-Cl12 al kegyl, Cl/Cl2 ajyl, Cl-Cl2 m xed
(al kyl -aryl), C1-Cl2 al koxycarbonyl ,\ C1- Gi2 aryl/oxycarbonyl, m xed 15
(al kyl -aryl)oxycarbonyl, nitrile, formyl, carbokylate, imdate, and Rl2 16
July 2004

wherein R8-R10 are each independently selected from the group consisting of

hydrogen, Ci-Caz alkyl, Ci-Ciz alkenyl, Ci-Ciz aryl, C-Ciz mixed (alkyl-aryl),
5 C1-Ciz alkoxycarbonyl, Ci-Ciz aryloxycarbonyl, mixed (alkyl-aryljoxycarbonyl,
nitrile, formyl, carboxylate, imidate, and thiocarboxylate.

14. The curable resin composition of Claim 1, wherein the capped
poly(arylene ether) has an inftrinsic viscosity of about 0.08 to about 0.40

deciliters per gram, as measured in chloroform at 23°C.

15. The curable resin composition of Claim 1, wherein the capped

poly(arylene ether) is substantially free of amino substituents.

16. The curable resin composition of Claim 1, comprising about 0.1 to

about 12 parts of the capped poly(arylene ether) per 100 parts resin.

17. The curable resin composition of Claim 1, further comprising a

curing catalyst.

18. The curable resin composition of Claim 17, comprising not greater

than about 1.5 parts of the curing catalyst per 100 parts resin.

19. The curable resin composition of Claim 1, further comprising a

curing promoter.



WO 01/53413 PCT/ US01/ 01695 40 thirocarboxyl ate; R11-R15 are each

i ndependent|y selected fromthe group consisting of hydrogens Jitpkogen,

C- 1-Cl12 al kyl, hydroxy, and ami no; and wherein Y is a divalent group
selected fromthe group consisting of Il 11 1~ C C S wherein R16 and R17
are each independently selected fromthe group consisting 20 of hydrogen
and C1-C12 al kyl. 12. The curable resin conposition of claim1ll, wherein Q
is the residumwséisa nonohydric phenol. 16 July 2004 WO BN GBrdiges

PCT/ US01/ 01695 41 13. The curable resin gpnmposition of Caim1, wherein
the capped poly(arylene ether) conprises a capping group having the
structure wherein R8-RL0 are each independently selected fromthe group

consi sting of hydrgge Cl-C12 al kyl - Cu kenyd, C1-Cl2 aryl. C 1-Cl2
i ved (al Ryl -aryl) 28 CheET e I PSSO LGSR Y soRERPE AT v xed
(al kyl -aryl ) oxykas ayd.2 pafts bf iHe@urihg prothotepdr108 phats fosirl. M dat e, and

t hi ocarboxyl ate. 14. The curable resin conposition of Caim1l, wherein the

capped poly(aryleng ether) h an.intrinsjc v 0Si of aboyt 0.08 to
oot 0. 90 tect 1 1B e e iy et RolpfRith 1% AR ShrERy Ho v, CThe
curabl e resin conResid il £ohRkE hrouph@nskang e therdaly (@rathgne

ether) is substantially free of amno Substituents. 16. ‘The curable resin
conposi ti on of peraxdde Lmnethyhpethyl kgtomboperogide, tlayryhipsyexide pyclehexafonehe

capped pol y(aryl ene, et her er. 100 rts.resin, 17, [The curabl e resin
conposi L on of e 1051 BRisrORSelRe. HES Bl e o RESRRE” AR
curabl e resgn gerRasid, | a5-diméhaihexané, 2 Boilpticiefgidgt D5-dahethyl-2hdit-about
1.5 parts of the curing catalyst per 100 parts resin. 19. The curable resin

conposi ti on of befEpereay)-hend W cofipriiyivgroxides ur i eptplcamst er . peroxide,
alpha,alpha’-bis(t-butylperoxy-m-isopropyl)benzene, 2 5-dimethyl-2,5-di(t-
butylperoxy)hexane, dicumylperoxide, di(t-butylperoxy isophthalate, t-
butylperoxybenzoate, 2,2-bis(t-butylperoxy)butane, 2,2-bis(t-

10 butylperoxy)octane, 2,5-dimethyl-2,5-di(benzoylperoxy)hexane,
di(trimethylsilyl)peroxide, trimethylsilylphenyltriphenylsilyl peroxide, 2,3-
dimethyl-2,3-diphenylbutane, 2 3-trimethylsilyloxy-2,3-diphenylbutane, and

mixtures comprising at least one of the foregoing curing catalysts.

22.  The curable resin composition of Claim 1, further comprising at

least one curing promoter.

23.  The curable resin composition of Claim 1, wherein the curing
promoter is selected from the group consisting of cobalt naphthanate, cobalt
ethylhexanoate, N,N-dimeﬂlylarﬁlﬁw.e, N,N-diethylaniline, and mixtures

comprising at least one of the foregoing curing promoters.



16 July 2004 WO 01/53413 PCT/US01/01695 42 20. The curable resin
conposition of Cl aim 19, conprising not greater than about o6 3ulpaots of
the curing pronoter per 100 parts resin. 21. The curable resin conposition
of Claim 16, wherein the curing catalyst is selected fromthe group

consi sting of benzoyl peroxide, dicunyl peroxide, nmethyl ethyl ketone
peroxi de, |auryl peroxide, cycl ohexanone peroxi de, t-butyl hydroperoxide,
t-butyl benz&€eb1a$4d3 oper oxi de, t -butyl 5 peroctoate, PCT/US01/01695

2, 5-di rnet hyl hexane- 2, 5- di hydr oper oxi de, 43, 5-di net hyl -2, 5-di (t

but yl per oxy) - hex-3-yne, di-t-butyl peroxide, t butyl cunyl peroxide,

al pha, al pha' - bi s(t-butyl peroxy mi sopropyl)benzene, 2,5-dinethyl-2,5-di(t-
but yl per oxy) hexane, di cunyl peroxi de, di(t-butyl peroxy isophthalate, t-

but yl per oxybenzoate, 2, 2-bis(t-butyl peroxy)butane, 2,2-bis(t 10

but yl per oxy) oct ane, 2,5-ditnethyl-2,5-di (benzoyl per oxy) hexane,

di (trinethylsilyl) p¥: oxilde, curablerpasinsosipopiti yWlajo ghanthes icompripag @i de,
2,3- dinethyl-2 3-di phenyl but ane,. 2. 3-trinmethylsi|ylaxy- -di ph but ane,
and m xtures %%ﬁﬁ?ﬁ§? 3%%SQF %@#h%%§“3¥%€§8ﬂ¥%$86§?ﬁﬁ%ﬁéﬁgﬁgnga a ésts.
22. The cur abl getalhns 168] triokd r€lbasel aaetits landf otheh dubrivais) asticxgaats, | east
one curing pronoter, he curableﬁ£e§in conposition of Claim1, wherein

23.
the curing pr 8beel stakilisepddirayioret spiliersgpignisniso A%eSs ERIATEY 2pgpRle
napht hanat e; ng&{t&, fibio ¥'£%ﬁ?f@£38ﬁ&ﬂ€,ohks%ﬁa!ﬁgt BiLRN I RAEpect ratio fillers

N, N-di ethylariitPine, and m xtures nprising at |east e of the foregoing
curing pronot esgathdife r@sihy, 120041 Eng) bhd SetoplaFtic SadodeBo5 43 24. The
curable resin conposition of Claim1, further conprising at |east one

addi tive selected fgom nI?xg cﬁ%%i@re&ﬂ%ﬁ&%%&iﬂgn gf g{%@[’i‘?%}%}&ﬁ B URourltl B e

retardant synergists, no ease agents an rircants,
antioxidants, thideippali wiyhtyldreediber) id ¢ffaiivoleredicalthé cagng shynlgoeit s,

dyes, colorants, anti _static agepts, .fibrous reinforcenents,. di sc-shaped
fillers, |ow adpedrer <BPIPR 1o Leootegiorh 20 o CHBRTTRY, oy iE (RANKIETg,  and
thernopl asti ¢ ghRA&iBABME composition without the capped poly(arylene ether).

26.  The curable resin composition of Claim 1, exhibiting a curing
shrinkage in any one dimension not greater than about 3.0%; wherein curing
shrinkage is defined by the equation

5= IOO(LbeﬁJre -Laﬁzr)
ngﬁJre

wherein S is the curing shrinkage expressed as a percent, Liepr is the length
5  before curing of a molded object comprising the composition, and Leg.r is the

length after curing of a molded object comprising the composition.

27. The curable resin composition of Claim 1, wherein the
composition is curable under conditions comprising a curing temperature not

greater than about 50°C and a curing time not greater than about 30 hours.



25. The curable resin conposition of Claim1l, wherein the anbunt of the
capped poly(arylene ether) is effective to reduce the curingt@duly28Rede in
any one di nension by at |east about 25% conpared to the shrinkage of a
correspondi ng conposition wi thout the capped poly(arylene ether). 26. The
curable resin conmposition of laim1, exhibiting a curing shrinkage in any
one di nension not greater than about 3.0% wherein curin shri nkage is
defined by t RO BG#Ei on =100 .libefore ... Lafer) LbefaPETHMBOEH S is the
curing shrinkage expressed as a percent, 4%bef is the length 5 before
curing of a nol ded object conprising the conposition, and L1 is the
| ength after curing of a nol ded object conprising the conposition. 27. The
curable resin conposg ti Q:pc@gm@régiiﬂr@ohpm,e&dh@ﬂmng;conposi tion is curable
under conditions conprising a curing tenperature not greater than about
50C and a curing tine noiJ gr3§ate thsn about 30 hourg. 16 July 2004 WO
01/ 53413 PCT/ USOL/ 01695 2baut 9o about {P peyteof arinsapwatsd SolesR conpri si ng:
about 30 to about 70 parts of an unsaturated pol yester; about 15 to about
50 parts of an al kenyl apeWEl5it6 aBRNIGOPEsits 8fth alREGA hrddnakictrRorlR ank? parts
of a capped poly(arylene ether); wherein all amunts are based on 100
parts resin. 29. A curable resin_conpositiogn, conprisjing: about 30 to about
70 parts of an unsat ur afBouifbt Pebpt 12 pagis ?cﬁ@%%ﬂg%%};ts styrene;
about 1 to about 8 parts of a capped poly(arylene ether) having an 5
intrinsic W scosity of afeudin@llitholtsabobdsed 03300 bArtgiesiabout 0.1 to about
2.5 parts of a curing catalyst; and about 0.01 to about 1 parts of a
curing pronoter; \é{berei n all, ampunts are ‘based.on 100 parts resin. 30. A
curabl e resin compdStti ShCURRIRETHLRP BN, RS pr oduct of . an
unsat ur at ed pol yester;

about 30 to about 70 parts of an unsaturated polyester;

about 15 to about 50 parts styrene;

about 1 to about 8 parts of a capped poly(arylene ether) having an
5  intrinsic viscosity of about 0.10 to about 0.35 dL./g;

about 0.1 to about 2.5 parts of a curing catalyst; and
about 0.01 to about 1 parts of a curing promoter;
wherein all amounts are bésed on 100 parts resin.
30. A curable resin composition, comprising the reaction product of:.
an unsaturated polyester;
an alkenyl aromatic compound; and

an amount of a capped poly(arylene ether) effective to reduce the

5  volume change that accompanies curing.
31.  Anarticle comprising the composition of Claim 27.

32, Anautomotive part comprising the composition of Claim 27.



an al kenyl aromatic conpound; and an anmount of a capped pol y(aryl ene ether)
effective to reduce the 5 volune change that acconpani es cufdbdgy28®4 An
article conprising the conposition of Claim27. 32. An autonotive part
conprising the conposition of daim27. 16 July 2004 WD 01/53413

PCT/ USOL/ 01695 45 33. A nethod of preparing a curable resin conposition,
conpri si ng: bIendlng an al kenyl aromatic conpound and a capped

pol y(aryl ene Y1 HEP43t 0 forma first blend; and bl endi ng tPEEUSES bl end and
an unsaturated pol yester to forma 5 secgnd blend. 34. A nethod of
preparing a cured resin conposition, conprising: . blending an al kenyl
aromati ¢ conpound and a capped poly(arylene ether) to forma first bl end,;

bl ending the first end gh Of;ﬁ%]g&tr%r atceltrja esctemr oL c)foom a.. 5 second
bl end; and curing the secon D §atenp FatUr & ROt Pe PgFIFﬁ%n about

50C for a tine not greater than about 30 hours.
blending an alkenyl aromatic compound and a capped

poly(arylene ether) to form a first blend; and

blending the first blend and an unsaturated polyester to form a
5  second blend.

34. A method of preparing a cured resin composition, comprising: .

blending an alkenyl aromatic compound and a capped

poly(arylene ether) to form a first blend;

blending the first blend and an unsaturated polyester to form a
5  second blend; and

curing the second blend at a temperature not greater than about
50°C for a time not greater than about 30 hours.





