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The present invention relates to curable resin conpositions. In

particular, the invention relates to curable resin conpositi @®3ulgxboditing
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 ( SM3YOPBI3MEl ati on, the unsaturated polyester 10 eoxmsoi/s®ss only
about 8 to 15% of the total formulation. O 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
additives, initiators, co-pronoters, and inhibitors. Unsaturated pol yester
resins may exhibit excellent physical properties and sol vent resistance,
as well as good 15 weatherability. 16 July 2004 WO 01/53413 PCT/ US01/ 01695
2 Notw t hstandi ng these advantages, the commercial adoption of unsaturated
pol yester resins has been limted by a nunber of deficiencies, including
(1) poor surface appearance, including fiber patterns, (2) warpage of

nol ded parts, (3) difficulty nolding to close tolerances, (4) internal
cracks and voids, particularly in thick sections, and (5) notable
depressions (sink marks) opposite reinforcing ribs and bosses. These
deficiencies are thought to be caused by the high polynerization shrinkage
fromthe copolynerization of the wunsaturated polyester resin with the
crossl i nki ng agediURABIER RESINNVGGYPQSITERN, METEIODFORIHE PREPARATIORY from

the nold surface. 10 In | . high- erature-curing cycle, the liquid
resin is heated to te ﬁﬁgébﬁiﬁﬁkiéiﬂéRﬁﬁiﬂﬁﬁjiﬂﬂﬂ@§WP gina

thermal |y i nduced expansion. As the unsaturated polyester resin begins to
crosslink and the unsaturated conponents becone consuned there is a-
negati ve vol unrERIBSRIFERENGCHTORELAIRNS APYLIEATIONS ce. Once reaction is
conplete, the systemis cooled to anbient 15 condition, causing a further

mach 58 2 negat i ve P96 ORRURECL ARSI HeReA Lt Fhuraint el phgibon | °°

Serial No. 60/176529, filed January 18, 2000.

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.



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 i anlgeoeqount 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 (LPYUIS3KEown LPAs include pol ynet hyl net hacr yPeesionwenyl
chloride vinyl acetate 25 copolyners, polyurethanes, and styrene-butadiene
copolynmers. The generally accepted nechani smfor shrinkage control relies
on induced strain relief through stress cracking of the separate LPA phase
within the thernos trix,. Mapy kno PAs ve a hi gh . nol.ecul ar i ght
and 16 Jul'y 2004 3 Nerdidting' T s Sd¥irisach, 1BY codams il bPRPRYPr o he
uncured resin. dadiiufged @Peljeb@r (EiRS Bhd Bhé UnitedShyt AEndrRBdrNoPQbfiAtidricits,
decreases, the LPA_is rejected from the matrix and isolated as solid

donai ns, typi candlyding4l) Raes sufare APPSarane; inshding Sbempatierns, (Hrveaspagh oft i nct
LPA donmai ns di i hesk i jn_relief
sites. Thus m}g&?%ggg}ttlga@n [ ngirtgg%%léﬂigtg%go%& tcl”%%é%%’ %?Eérft%?lgﬁ%%%&dr ess
cracki ng t hB ouglidshpastiealarlyliarthinilsacidns, pith® notadblsdepredsiciei (sigk thaksit r ai n,
form ng voids and conpensati ng_ for the overall ri nkage. wever, .in | ow
tenperature CUWRBSI%"%W%W%%?? anobpsses %ﬁeegﬁl}ﬁfem’&% ag§ Fgf&ﬁ é0 benys,
there is a needqhRH 1y thEhigh nEQPHHoRl shAfka tfi‘&ﬁ%hé%{l)% eriABEA bf Y

| ow-t enperature curing applications.” BRI EF SCRI PTI THE DRAW NGS

Figure 1 is anunsaysted polybsterdresinsaitiu tlat @dsstiokipgsigent. (B shriGRfR) camsdsh  no
| ow-profile addgjtive (# (.t h | yvi,nyl acetate (#1), and with a capped
poly (aryl ene %%%P%ﬁ%@?‘ﬁ@@“g%&ﬁ%ﬂi&%ﬁ@%ﬁ%c%mar ative Exanples 1-6.
Figure 2 is an i mge of nolded UPR conpositions conprising, from | ower

ri ght to upper | ef tIn Hnodnalhiglatehnfermergturinperyein theclapiié degho isyfcatad ©ne
ether). See Exanples 8-13 and Comparative Exanple 11. Fiqure 3 is an inmage
of parts nol dede P@ﬁ"ée%&%%ﬁst?fmoc%rﬁﬁﬂl@&@ arthermpdlyriprueesiexpansiant er | a

capped pol y(ar yepg ﬁasaﬁﬁaﬁedzﬁlﬂyé@ryﬂeeﬁ b & QlbossHkl A0 fethla¥ihieand
curing pronoter. See Exanples 14-21.
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



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 1®duln2004
conposition of the present invention. In a first aspect of the present

i nvention, there is provided a curable resin conposition, conprising : 16
July 2004 4 an unsaturated pol yester; 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 prgsent invention, there is provided a
curable resin on, rising. out. .30 to ab t 70 arts of an
unsat ur at ed - $@% 'gﬁurigdggwg F@mﬁggﬁﬁg%@ng INGRICETCS I & Ear omat i ¢
nononer ; andunagQm)s.ﬂmldng)pasaﬂmxtesiba)qjminzsd&mteaes;ah@é@ﬂpml efeated from et her) ;
wher el N Al AR Sl BIae S il AR BCER) B ianBpbli 54, aspect of the

present |nven rovid I'n" COMposi ti on,
conpri si ng: na@mmetsts mél@ba“hpserélspa@&ls%fdmmmd&parsad@mthwryést er; about

égl ;?a?SFth@n%gfttxﬁag%ly?’é{& '&g ﬁn?ﬁﬁé?lﬁf sités. Q*glgg‘gvll%%nﬁﬁé Eﬁaﬂfmérea%’sq@@g% bout
0. 35 dL/g; Igﬁl&etpr%feieq @?g%%iﬁtcr@d@n%ibrpgg e wegk ﬁh@r&x’fa@nﬁﬂwse&ﬁ Ubout
0.01 to abeglievingtietsiradi, formig veidp aadodepenydiiigefon tied bvernyhiigkages based
on 100 parts resin. In a fourth aspect of the present invention, there is

provided a curable resin conposition, conprising the reaction product of:
an unsaturated poiwayetr,anlowrtenipestyte carmgaapplicabops; kndwn laR4s are mofount  of
a capped  pgk )éft@éﬁf\!'@ "I?m@t ?fe) is&f Aoy § sbﬂn%%é@%&&%n&%h‘é@r&%@ge t hat

acconmpani es curlin aspect .o present 1 nvention, there is
provi ded a ABeHdJEr 'ﬂﬁﬁﬁﬁaﬂﬂﬁQUEHB@PHBP@MF§S|n conposi ti on, conprising:
bl endi ng an al kenyl aromatic conpound and a capped poly(arylene ether) to

T R Srg ne o rsaraed

Figure 1 is an image of molded unsaturated polyester resin (UPR) with
no low-profile additive (#3), with polyvinyl acetate (#1), and with a capped
poly (arylene ether) (#2). See Examples 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 :



4a In a sixth aspect of the present invention, there is provided a nethod
of preparing a cured resin conposition, conprising: blendintg dryadbenyl
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
‘blend; and curing the second blend at a tenperature not greater than about
50C for a tine not greater than about 30 hours. The present inventors have
found capped poly(arylene ether)s are nore 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 unsatumsstucatcppblyestesy ; an al kenyl aromatic nmonomer; and an
anount of a capped poly (arylene ether) effective to reduce curing
shrinkage. The conpgsition conprises an unsaturated pol yester. An
unsaturated pol #8 @ﬂﬁd§ﬂgﬁﬁ%ﬁaﬁm§nﬁﬁiﬁﬁhed by reaction of at |east one
pol yhydric al cohol wth at |east one pol ybasic acid conprising an

unsat urat ed pol ybasi c aci d. Specific exanpl f unsat ur at.ed pol.ybasic
aci ds that may bgﬂ@ggam?&?afcaﬁpﬁé H%ﬁfmgqﬁr%ﬁggeﬁtg@‘é%?wd?ﬁ%g nal ei ¢
anhydri de, mhiiekageaci d, fumaric acid, itaconic acid, citraconic acid,
chloromal eic acid, dineric nethacrylic acid, nadic acid,

t et rahydropht hal i ¢ aci d, A endo-net hyl enet etrahydrophthalic  acid,
hexachi or o- endo- Aeersgrentbamecaol deapeseniinventiondthersisqyevideda qumaltlal i c

aci ds, and tBsn blfoshionVbinpAgingh bout foSbRANH0 Par8 ©F df undstyfdted and
anhydri des. 1? Jul y 20041 4b3§r ef§(5red ugsat rated aci ds include maleic

aci d, furmar POIYESI; 2baws 1PHgiabouk prds ghan alkepy ?‘T@é‘@n@f’ﬁwmﬁ@ﬂ’g?uncti onal
sat urat ed amtoat@niptd abomt il d pass @fargappy@ golydaryleai) ethed)] whedin hllt he

nsacurat i oAt EHEhAE 05 o8P YTt cm cal and nechani cal 16 July 2004

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.



WO 01/ 53413 PCT/ US01/ 01695 5 properties to the coating. Exanples of
saturated and aromatic pol ybasic acids include succinic acithJagppdse 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. Exanpl es
of pol yhydric al cohol s 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 gl ycol , Inpdtshenpes dfithe presemt ingentinirs phersos provaded/a erthakpfie 10

adducts, te W = n i ke
Preferred p y |cb‘§rletggﬁé§*l CWSF %ﬁ?@ ’ g?‘g’ghgglﬁg%ﬁ%@ gﬁ%%ﬁ%?ﬁr}gﬁéagm

pol yesters SPBOYRHSA iaaﬂaweévam{alm gne %th@rﬁﬁo darm adipblend Jhisndingithe
COWD[' Sl ?gd&ﬁstfﬁllﬁﬁcgluhd aﬁﬁamétufatiﬁ)pﬁlj?géi%er ﬁﬂﬂ)Arisrﬂi@ betsbnd blé?cg, %sﬁﬁdlmi ’%235
unsat urated po er resins obtaln ro and a n :
and T rom A SREPIRRG ab TRt aet serstetdhats et 4ot A Shas! conpr 1 o6
t he unsat ur @readepibhy aboer 30 howws. anount.  of about 20 to about 80 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 wei ght. Thg presesd diventerstheve heuncheappegd apdeyeether)s arhaore

conposi ti on effcthe ht redQBRE! s%ﬁ'ﬁﬂa?@aﬁ’({l i‘tﬁf&&%ng‘ﬁtﬁf@tt%%logmﬂv\%ﬁg??% 2‘;361' kenyl
ructure ul'y

aromatic m)nomfr 3;?/ have the s
PCT/ Us01/ 018Y8ialle fFdh%ei n each R1 may be hydrogen, C1-Cl2 alkyl, or the
| i ke; each R2 may be hal ogen, C1-Cl2 al kyl, Cl-Cl12 al koxyl, or the like; X

aromat | o mombAt EBRERCRTE QN Of TAR bk AR R eRm S BRTS | OnL T Then
p=2-4, the alkenyl aromatic 5 nononer is ternmed a pol yfunctional akenyl

aromati c nononer. i : : €.L..mononers include styrene,
A %?agrégﬂﬁgl_n QFEtioR EOTPHSEs:

al pha- net hyl styrene,

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.



et hyl styrene, al pha-isopropyl styrene, al pha-tertiary-butylstyrene, al pha-
phenyl styrene, and the |ike; hal ogenated styrenes such as chli®uoggtgo£ne,
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 nethoxystyrene, ethoxystyrene, 48, 3-di vi nyl benzene,

1, 4-di vi nyl benzene, ' trivinyl benzene,' 1, 3-diisopropenyl benzene,

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

2, 4-di vi nyl pyri diPmeferIZdSmdaMratydl peids direlede Mabeic diad, fiyinpsic iadidpend their

3, 5-di vi nyl pyfel @éﬂ&%né? gtrivinylpyridine, and the |like; and mxtures
conprising at east 0 .the foregoing al kenyl aromatic nonomers. In.
t he foregoing substltuted styrenes for which no substituent position is

specified, the S'@f%ﬂ Bl%fﬂmé%a@@&ﬁ&%te@ﬁﬁdfaﬁﬁﬁaﬁ@%ﬁé are &ip d%'i omati c
ring. 20 Preferre natlc no ncl u e S ha

met hyl Styr ef@IML ‘# LB pats s Aeen sfféwlé)ﬁef -

butyl styr eneﬂgflenlbmmy:itamtrmnmd%mvhiﬁthb %mrﬁileherﬂ;ca} ahd/mwh:hﬁoziene, 1, 4-

di vi nyl benzene, 1, 3-diisopropenyl benzene, 1, 4-diisopropenyl benzene, and
the I|ike, and m xtures conprising at |east one of the foregoing al kenyl
aromatic 25 nononers. Preferred al kenyl aromatic nonomers further include
styrenes having from1l to 5 hal ogen substituents on the aromatic ring, and
m xtures conprising at | east one such hal ogenated styrene. 16 July 2004 WO
01/53413 PCT/ US01/ 01695 7 The conposition may conprise the al kenyl
aromati c nmononer in an anount of about 10 to about 70 parts, preferably
about 20 to about 60 parts, nore preferably about 30 to about 60 parts,

per 100 parts resin. In addition to the unsaturated pol yester and the

al kenyl aromatic 5 nononer, the curable resin conposition conprises a
capped poly(arylene ether). A capped poly(arylene ether), is defined herein
as a poly(arylene ether) in which at |east 10% preferably at |east 50%
nore preferably at |east 75% yet nore preferably at |east 90% even nore
preferably at |east 95% of the free hydroxyl groups present in the
correspondi ng uncapped pol y(aryl ene et her)



10 have been renoved by reaction with a capping agent. There is no
particular limtation on the intrinsic viscosity of the capp#iJuly 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, mnweoymaberably about 0.12 to about 0.31 dl/geci@Gsoesnasl y, the
intrinsic viscosity of the capped poly(agylene 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 capped pol.y(aryl ene. et her)s.havin iffecent 20 | ecul
Wi ght s and- | nEroIRRie it Sfinge dbeiie o SRS RORGE SrgTa e ATHEE Ry be
represented by jddi@leSSubsificerl, Kbl 48/ ssaeicabid, Leldic bRE, doRetAEMIOicid

monohydric, di g}/d_ri c, or polyhydric phenol, preferably the residuumof a
nmonohydric or @ichigcacid Fﬂ‘ﬁgﬂﬁl acidrgsephphadiceacith | tgrephthalie agids pod tie ke, s

nmonohydri c phe ; i. P [ UL i i ing the
structure 16 Ju eé/l @&%%ré%é%@rﬁ%%%ﬁf%ﬁ%‘%@m@P\%ﬁ’é’%@?%&%%d&ay be
hydrogen, hal ogathalipadidpisyplataliecti) did the@lestetParal daHydridedl - C12 al kenyl
Cl-C12 al kynyl, Ci1-Cl12 am noal kyl, Cl1-Cl12 hydroxyal kyl, phenyl, Cl1-Cl12

hal oal kyl , Cl1-Cu aninoal.kyl ., C1-Cl2 hydr.ocarbonpx 1- C12

hal ohydr ocar bonoxy Iélf’%_ogtpq}ﬂﬁéfmt%iﬁoh@ B’Eﬁ"% %‘f‘i’é’%@pé?‘_é{’}f&ﬁ?@h’?ﬁl ogen 5
and oxygen ato gﬁﬁcop rdiéthgleht @ycol dipropyldhealped], 20QutaReidS 1,5-batmallng
group produced by reaction of the phénolic” hydroxyl groups on the

pol y(aryl ene ddrmtynegialh ngopaypi slycokagleerrol, Trethytenal glyae, qepginediogr oup
may be sel ecte om g § St.L.L f ; ng_ in R
may be ci- cio SreyR g tPh ISR EtlE M tadl (O pHhers s iy tect B
10  adducts, tetrabromobisphenol A-alkylene oxide adducts, and the like.
Preferred polyhydric alcohols include propylene glycol.

Unsaturated polyesters are commercially available, often as
compositions further comprising an alkenyl 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 al kyl, Ci1-Ci12 alkenyl, Cl-Cu aryl, Cl1-Cl12 mixed (alkyl-aryl), Cl-Cil2

al koxycar bonyl, Cl1-Cl12 aryl oxycarbonyl, m xed (al kyl -aryl) oxi&aihaesd |
nitrile, fornyl, carboxylate, irnidate, thiocarboxylate, or the like;

R11- R15 may be hydrogen, hal ogen, Cl-Cl12 al kyl, hydroxy, ami no, or the
like; 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 WWepkEis#t3R16 and R17 nay be hydrogen, Cl-Cl2 ardxisereamos he |ike.
In one enbodinent, Qis the residuum of agphenol, including polyfunctional

phenol s, and includes radicals of the structure wherein R3-R6 may be
hydr ogen, hal ogen, prinary or secondary Cl-Cl2 alkyl, C1-Cl2 al kenyl

Cl- Cl12 al kynyl Cl 012&;;1 3’?%7'@/ &g}lgﬁc loaé%%y&l @é&e %h%nf@-ma -Cl2

hal oal kyl , C1- am noa noxy,

hal ohydrocar bobakget @i Alkd, (tﬂ@ﬁblktowl 6laﬂi@QikeﬁDtmu© pabatebbMe Bdl ogen
and oxygen atons, or_the |ike; may be hydr%g C1-20 al kyl, aryl, m xed
al kyl -aryl hydi®éarshags 0dacdn’ W@ BEOTBATR HIORPAT i wimed @t uent

selected from t‘”g&‘ﬁf’% EE)Q”Q% y C ohol ,

and 10 am no radicals Boroﬂ%ér@f i %Qér%h{yhge?’s%lgfg?elgf&ﬁonﬁé&

sul furyl, ®Bxygemoner isdeteed aupdsiyﬁmcﬂmahgiﬂganghprmaahmgwmomkerﬁmtabfe 2 or
in various bis- her nis 1. about

t 1 1 | |
Tbo o of or ot Hlkenyl) afotha onhiter 5rw@?§bﬁf§16§°fo¥f)?3mn° R odPRENT i he
capped pol y(ar KhigneehBer dpha iR L ARBLALAYEARPCAly o

pol y(aryl ene ethér)” consi sting essentlall t he polynerlzatlon product of

at | east one mph@m;ld'w%wphedoﬂlehkk%nbalpmﬂﬂmdr ayrenes swh)es chRaostyrane,
01753413 PCT/ U%J%ln{[orosacyr 10 %clrﬂorostyrene, bromostyrene, dibromostyrene,

10  tribromostyrene, Huorostyrene, diﬂuorostyrene, trifluorostyrene,
~ 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.



wherein R3-R6 may be hydrogen, halogen, prinmary or secondary Cl-Cu al kyl,
Cl-Cl12 al kenyl, C1-C12 al kynyl, C1-Cl12 aninoal kyl, C1-C12 hyth &sy2004y1 |
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 atonms, or the |ike. Suitable nonohydric phenols include those
described in U S. Patent No. 3,306,875 to Hay, and highly preferred
nonohydri ¢ phemels4msncl ude 2, 6-di net hyl phenol and 2, 3, 6- tr¢TEs0hgsgshenol

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

| east one capping group having the structure 10 wherein R8-R10 may be

hydr ogen, Cl1-Cl2 al kyl, C1-Cl12 al kenyl, Cx-Cn aryl Cl- C12 m xed

(al kyl -aryl), Ci1-C al koxycar bon Cl:Cl2 a carhon nm xed

(al kyl - aryl ) oxycar bofy o™ Sq':?cint 31a¥f‘{9mfse]%% Q:i n\ﬁflag?%ler o an

t hi ocar boxyl at gmou@t oft duk IIBQo abb @y pats éﬁ@lycﬂﬂﬂdt "IQ tgraboRs6l patsjde
acrylate (R8=R9=R 0=hydrogen) and ?hacrylate R8=net hyl ,

RO=R =hydr ogenynore Breferablsi gbereir30p abe /o8 paefinsail 5 TeFi8 capped
poly(aryl ene ether) conprises at |east one capplng group having the

structure 16 Jul y 3004440065341 dnReHalsS0pLOLE0 and LeNEAEhY) HérichicCL- C12
al kyl, preferably Cl-C6 al kyl, nore prefer

bl'y met hyl or |so opyl. In yet
anot her pr & ern@@iomﬁbo’dnenmabletmsﬂncap@p;wm yemapsisasrie ceppest polyd @[Yi;iﬂﬁses at

nyar ogen, hal oHRE (reiepat keRyy iRy Aty s deipRe PRBkCAd SSerndt e PR T o

cappi ng gr oupsiofrhichias 1etayﬂom% RedfefBlySalléaey 50k em(uaqar&é aﬂ: Ieast 75%, yet
R10- R13=hydrogen). In a {)referred enbodi ment, the cap y(aryl ene

ether) is submoawreéﬁnay ¥ #tcleasf90%mieren s tprr@fe@hbsaf eﬁ@l the lerani no

and 10 di al kyl e «hhat the
capped poly(ar g: %ﬁﬁgg%@%ﬁal in 48 ngsegp& nég%%%ﬁ; go%gl rlcéjgge?g%s)

pr ef er abl yid eshavetﬁaanrahowdﬁgﬂﬁaemnmtbgb@;ﬂngagerm om c nitrogen per gram
of capped poly(arylene ether). Although many poI y(aryl ene ether)s are

zﬁgts'??tsluéﬁ?s?yt hgr 0 Sses ; haga SHﬂutaJugn torr{%he n 19{71%%'(')5 o? the caprfJ%d

poly(a:cylene ethe:r). 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



15 inventors have found that thernoset curing rates are increased when the
capped poly(arylene ether) is substantially free of am no slfodty 20t s.
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
poly(aryl ene @ #é8d13i s prepared. The capped pol y(aryl ene mifiesodoisasy be 5
formed by the reaction of an uncapped pol g(aryl ene ether) with a capping
agent. Capping agents include conpounds known in the literature to react

wi th phenolic groups. Such conpounds include both nononers and ‘pol yners
contai ning, for exanple, anhydride, ;acid chloride, epoxy, carbonate, ester,
i socyanate, cyanate ester, or al hal i de radical s. Cappi hg agents are not
10 limted to organi c conpounds ¢ ¢xanpl e\ phosphorus and sul fur
based capping agents also are i of cappi ng agents

i nclude, for exanple, acetic ar \;de paliCyTyTe anhydri de, polyesters
conprising salicylate units, | yesters off salicylic acid, acrylic
anhydri de, nethacrylic anhydri de, acryl ate, glycidyl

nmet hacryl ate, acetyl chloride, n?e, di phenyl carbonates
such as di (-4- nitrophenyl)carbonate, acryloyl esters, nethacryl oyl esters,
acetyl esters nyllsocyanate 3-isopropenyl - -

al pha, aIMn1d|W&§¢W RAvRE myay Bobydieaen halagsnepripeny ehecondary (i alkyl,

cyanat ophenyl ) l-or, €
chloronethyl)sgyegﬁgg£§'%:féﬁﬁmﬁFﬁgcpcgz L%?ttﬁ ég? Ongﬁgﬁgﬁgmnyl
substituted 20Cg€xd vhiloiksl,t ErEpf auanda]hylxt ah€5; t hgdmﬁxboﬁbx;se @Az ot her

met hods of for capped pol (arylene ether)s are describe r exanple
"o US Pat ent brigydso sbomoty,wheisi g lge twp cafbon sfomsgenarsta éa@&a

4,562, 243, &, 6 , 0
b oen 203 o SO 4Rty 43 %‘ﬁﬁﬂsééﬁg%‘ég‘%‘o%dg KT e, Srps grou

5,338,796 to meahﬂcecb bgtr%.tﬁqn ahdlfph@whadlyﬁmwhtgrmps Q@ihsmlmlezs to
Peters et at In.a erred enbodi ne th ed r) may
be prepared b?ﬂ‘FQ GrFeBP g e hp g %ﬁ E% éﬁ"g %&) ’F% %e egﬁg

anhydride in  from the group consisting of

11 R12
RS
~f:¥
— 13
——F -‘g-Rg ,jand ¥ R
10 -
R R'.l5 R’l4

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 méy be
hydrogen, halogen, Ci-Ci2 alkyl, hydroxy, amino, or the like; and wherein Y is
a divalent group selected from the group consisting of



t he al kenyl aromati c nonomer as solvent. This approach has the advantage of
generating the capped poly(arylene ether) in a formthat cani®duly@deti 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 eneoevss@s) with an anhydri de. Exanpl es of suchecxorgooeess i ncl ude
t hose known to the art that are capable ok catal yzi ng condensati on of
phenols wth the capping agents described below. Useful materials are
basic conpounds including, for exanple, basic conpound hydroxide salts
such as sodi um hydroxi de, potaSS|un1hydrOX|de tetraal kyl a

hydr oxi des, 10 and?tihe |i ke rtlary yl amm i i ne,
triethyl am ne, dlhe hbeen ” tihyl bufy \ _ ifke;

tertiary m xed aryl and Tt ut
as di net hyl ani | i ne, and t he I|ke het er ocyclic a
pyridi nes, and substituted derivatives thereof ym

2 vinylimdazo I i no) pyri di ne, 2-,
3-, or 4-vinyl Iﬁf%%é@@%ﬁ?ﬁ@gﬁ%?zﬁgan mo%éﬁ?(zz{l:ilf:é salts such as, for
exanple tin and zinc salts_ known to catal yze the condensation of, for
exanpl e, isocyanat e& (ﬂnecsﬂalha‘th@leﬂés@r% thet Fesishisie| &, aTpRemlg ARdrdng) | i ¢

sal ts useful fE!§ ggg; B rous publications
and patents meEP o 1% ose QR d%J Q§8§P%Fg%§€#gEThe conposition
may conprise a blend of at |east tmp capped pol y(aryl ene ether)s. Such

bl ends may. be prepared fromindiYigdally mepared and isolated capped
poly(arylene ethers. Aternativ be prepared by

reduce the curing shrinkage 8
July 2004

to the curing 16

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



WO 01/ 53413 PCT/ US01/ 01695 14 shrinkage of the correspondi ng conposition
wi t hout the capped pol yaryl ene ether. The curing shrinkage off dulydo@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 thogBEdpdsition. In a preferred enbodi nent, tMI/GAPpE
poly(aryl ene ether) is used.in an anmount 4® effective to produce shrinkage
in any one dinmension 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(arylepe ethety nmay result in expansion
after curing, which leads to a negati of S. In such cases, it is
preferred that the curing shrinkage no ess than about -3% nore
preferably 15 not |ess than about nore preferably not |ess than
about -1% Shrinkage of the conpesi 'c % essed relative to the
shrinkage of the correspondi ng conposjtion//wi thout the capped pol y(aryl ene
ether). Thus, shrinkage reduction mayyhe defined by the equati on SR=100
S-cappedPPB - S+cappedPPE  S--capped
reducti on expressed as a percentage, RS+c pEpRE is the curing shrinkage, as
defined above, of a nol ded object conprising the conposition with the

d pol | . PPE i s th ] i nk f
ol fed bbj set o aPHS i BY By FiobRRAA BphE of HroRdy e Rl apped
pol y(aryl ene eiher,) a]kbﬁgyli %aﬁeanwg ¢ ichpémirbalies TRetl, hfdsbuyykPDPHerD

01/53413 PCT/ USO1/ 0159
C1-Cr>  haloalkyl, Ci-Ciz aminoalkyl, Ci-Ciz hydrocarbonoxy, C1-_C12

halohydrocarbonoxy wherein at least two carbon atoms separate the halogen
5 and oxygen atoms, or the like. Suitable monohydric phenols include those

described in US. Patent No. 3,306,875 to Hay, and highly preferred

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

K
_\&Rg

10 wherein R8-R1® may be hydrogen, Ci-Ci2 alkyl, C3-Cyz alkenyl, C;-Caz aryl, Co-

I

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



pol y(aryl ene ether) be used in an anobunt effective to produce a shrinkage
reduction of at |east about 25% preferably at |east about 5084duindd@t
preferably at |east about 75% In the instances in which the conposition
wi t hout capped poly(arylene ether) exhibits curing shrinkage and the
conmposition with capped 5 poly(arylene ether) exhibits curing expansion,
the value of SRwll exceed 100% As it nay sonetinmes be desirable for the
conposition tWOeKI¥Bit slight expansion on curing, it i sP@refowerwesd t hat

t he capped poly(aryl ene ether) be used imran amount 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
110% The effective anmount of the capped.pol ygaryl ene ether) will depend on
the nature and amount of the unsaturat dapoly ter, the nature and anount
of the al kenyl aromatic nononer, and hu nature of the capped poly(arylene
ether), as well as the curing conditions¢c eRerally, the conposition may 15
conprise the capped poly(arylene ether)* in an‘anount of about 0.1 to about
12 parts, preferably about 0.5 to about 10 parts, nore preferably about 1
to about 8 partlereinal? it @Q-raklks], rpeeferably C-81 ikl omoteopichaalsip meheng:s

di scussed above, the curable resin conposition may, optionally, further
conprise a cur ilfpreRitlal yst. Curing 20 catalysts, also referred to as
initiators, are well known to the art and used to initiate the

pol ymeri zation, curg, Qbt SAIRe preferAlderbodHFRE, GHE chPSETPBlyRSIeRS et
thernosets including unsaturated polyester, vinyl ester and allylic

t her moset s. Nomoinprises atdeaskenariappingfereup haigng thesitgactgear e t hose descri bed
in "Plastic Additives Handbook, 4th Edition"™ R Gachter and H Ml ler
(eds.), P.P. 25 Klenthuck (assoc. ed.) phansen Eﬂblishers, New York 1993 and
in US Patent Nos. 5,407,972 to Smth\et al /, and 5, 218,030 to Katayose
et at The curing catalyst for theQunsatyrated portion of the thernoset may
i ncl ude any conpound capabl e of pripducimhg ragi cals. Such curing catal ysts
may include both peroxy and noa- A yadigdl initiators. Exanples
of peroxy 16 July 2004 WO 01/53413 PCT 801001695 16 initiators useful in
the present invention include, for exanpke,enzoyl

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



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

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

di cur nyl per oxwvaelssdis(t - but yl peroxy i sophthal ate, t- butylpersoyteyszoat e,
2, 2-bi s(t-butyl peroxy)butane, 2,2-bis(t- hatyl peroxy)oct ane,

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

conprising at |east .one .0of the foregoi uring agents.. TVpi on- per oxy
T ators | nclTRdesPR ety s ESASRR M Fiitr RS R B A i e
2,3-trinethylshﬁu@p%yaekﬁgﬁﬁgagmmhputane, and the |like, and m xtures
conprising at |east one of the foregoing curing catalysts. 15 In a

preferred enbodi nent, the curing catalyst nay_co [ t -butyl

per oxybenzoat e and/ SPeiRef iR PEERYer Kavghen sa;Eri .O;ﬁ’é' Y’:’B%cﬁr%e €apRady st
will preferabl Iygé%i@{ee @ef) #9pRbaed! €TRET @bPES Qf.@@éﬁe QfehOmaposd 200G,
preferably about "20C to gbo&t 5% , nore prefggabﬁgmgb ut 25CF90 about 40C
20 When pr eBentformérk by uthe ngactianadfyat uneappbd nedydryleneagthemyomith aofapgbwgut 0. 1
to about 10 parts,, preferably ahoyt .0.2 to about 5 parfs,. re preferably
about 0.5 t b Aset " opareespERduee sampS fckioa e B HsHRrR B
optional 'y, furifieph&RifRghEEpsd Sublvédmigoude iRilede both niaeheAsend pelygets ti me.
Suitable curing pronoters include transition netal salts 25 and conpl exes

such as cobal t RBEFHIRGHE coamPle oBRIYAridehgeid Shigrely ePorhdearbenpimi SiBases

such as N, N-di Il ( ) AN gl Nich] 85@) ne

enbodi nment , cogg#g%%gﬁﬁ#ﬁgﬁgt%gghaﬁgﬁaﬁg%%g%gégx?ﬁ (%%ﬁﬁﬁ%g |on?ﬂ$£%ﬁ

present, the cuimibgl fir orgahiercomyoubds usedr exarapleapibosphonts abd sldfuy ta84 WO

01/53413 PCT/ USO1/ 01695 17 . about 0.0é t o abqut arts, ret%%ﬁgj about

0.02 to about G2BPPEragEnisRseareekide pﬂ';?%_ Bt CDSHRPIRE 2GHT AL By ¢ s,

e 100 part > Ik, MIeR ahREIERTRAR I ShydSidkOpdifestddt ESinphtiiRgsdticithavi ol et
’ 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



further conprise a photoinitiator, such as, for exanple, the
photoinitiators 5 described in U S. Patent No. 5,407,972, i mdudy2@p4 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 wabydiaznet hyl benzoi n et hyl ether al pha 10 nerdwisoiAnedsi zoi n

met hyl ether, richloroacetophenone, and thge |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
retardants, nerqis rel ease ents and her

| ubricants, an?ﬁ%&fg tg Qﬁﬁb ‘%§?%bF1ggg}?’“ﬁ???é@F&%]PD%Su?Pﬁ 5 zers,
pi gnents, dyes,m&ﬁb@r@ri&aaucamm@&@ipea Gatyene bilaruisemer Ai@ Laganras,

di sc- shaped fillers, |ow aspect ratio IIers synthetic and/or natural
resins |ncIudﬁﬁb@FﬁéFﬁﬁ%W%ﬁﬁﬁ%ﬂEF@%toners addi t i onal | ow profile
additives, and the like. Flanme retardant conpounds include those known to

the art as describeg ai’?lﬂgn ??Jﬂlﬁi HaUbhy 16§'éd B ARACRM BNLS HHRYPRdL O

those skilled in this formulating flanme retardant
conposi tion8 arp@ly(anyieremq:n) withzmoanihydtidel Ekalapbs péslmhdampouud@umhxf@

Preferred brom at dant 0 |nclud for e -
13 5t s(2 4 O RGBT AU e caP e of DRy PG PG RE N ThHATRP Pt her s,
pol y(2, 6-di brOfWiﬂhQﬁ&' gt Ngents d&scHibedr déwd [0dendt M:fa@é}ﬁls bie aart ed

cycl ododecane, brom nated_ bl sphenol -A_diglycidyl ether, hydrox et hyl
ether, Cl_10Q &Pﬁ!?&ﬂﬂ‘és mdqﬁ%éoraﬁmlﬁcbasw qomﬁ&mé hytése aﬁ@ffe@%@@ such

as triphenyl h

tris( Imeet %oxy éﬁﬁ?—: osp %§ t“l{!?i%&%%@ %l:@%ﬁ%% gg(%)?des’
PCT/USC&/01695anﬁS&prhhgnwhﬁhgnakprmkmhaneh myhﬂﬂﬁﬂyammkphaa&b&nﬂmaphate
o~y oqui orBnBRy {587 Bk AHerY PBAOSHG: A deeor i mel LGEn as
1,6- hexanedi af&%\ﬁnﬁes&h&%ﬁﬁéﬂi‘h&%d deAth Bk e Fdudl as%ﬁﬂé&iyﬁdﬁ]ﬁde ged yat i ves

5 therefrom romnated flanme retardants are used, it is preferred that
t he like; heterocyclic amines such as imidazoles, pyrldmes, and substituted

derivatives thereof such as 2-methylimidazole, 2-vinylimidazole, 4-
15  (dimethylamino)pyridine, 4-(pyxrolino)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



brom ne content of the brom nated | ane retardant be greater than 45%
advant ageously greater than 60% and preferably greater than1&08 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 %0 @ifs3pbBasti cs. Exanpl es of such fillers wel |pCTkisoumétso t he art
i ncl ude those described in "Plastic Additixses 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 as C | L] owder
nd bor on-oi | MRS chhe BrASuRiay Lb ARGl R EBR Tl e
dielectric corgieant and | ow di eI ectric |l oss tangent; the above-nentioned
powder as well as alum na, and nagnesiunloxide (or nagnesia) for high
tenperature 20 conducti vi | ers as stonlt . ncl udi ng
surface-treated W%%TBTQI #‘@mil@%?%‘{auﬂ?rgﬁlo Fteco(t‘ﬁjy 3ﬁﬂ%9f18 N hydrat e
or trihydrate) pe dephéd byniheatbamst e i ncluding chalk, Iimestone, marble and
synthetic, precipitated calcium carbonates, generally inthe formof a

ground particulate which often conprises 98+ ight % CaCOa with the
remai nder being other 25 inorgani c%iswggmgaesi um car bonate, iron oxide
and alum na-silicates; surface-treatedycalgi-um/carbonates; talc, including
fi brous, nodul ar, needle shaped, or, preferably, lanellar talc; glass

spheres, both h ||QM/ nd.soli.d nd, surface-ireated Ss sphergs

S early havi et Brra® e o fkac b Rired o 8 ritiel o SR RELERett o
containing a C%fw@%tf{igg ﬁpatmélaed@ ct"f.%ﬁ{pﬂbmg el caghipogitib, dnld ¥.p0 @the\\O
01/ 53413 PCT/ US01/0 19 hard, soft, calcined kaodlin, and kaolin

conpri sing var ilegth @fgr |Cﬁ§§8k€rfo%vrm@1d€d Ctbi?éf avmpﬂ@ngafbﬁlqonat%mowe &1 gper si on
in and conpati 3} ITXd d.{ﬂl%lt B}% 8& 0 Iene L{ﬂ G | 1 2zed
ur rea oyl's

m ca and m ca Face n s es or acr anes

coatings t®0i neiedtivgac grahics slhisagk tn mwmwﬁdedmbh anﬂg,eaﬁr fleinddpar3%nd

nepheline syenite, silicate spher flue dust; ospheres

al uni nosi | i cat @refareblyoRpiEres E“@r%‘”ﬂﬁ?ﬁg“@ir? E’Fﬁfezt Ya‘H’tﬂ greaten '{hﬁ-‘iétlout
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+cppedPPE 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



alum nosilicate; natural silica sand, quartz; quartzite; perlite; Tripoli;
di at omaceous earth; synthetic silica, including those with vé luug0® | 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, ziweoEid#iBide to inpart a white coloration; al®Reci/vRIneIsss i cate
(rmullite), synthetic calcium15 silicate apd 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 t d t al ' j i rticul or
fibrous alumn mh*@r}(l)ér%e%h%) ?{% u%?p%‘e?@%%?%ﬁ%ﬁ%vgg o r?g%%?/g,slﬂ'f%%%exarrpl e,
20 thernal, el eefludtivnlof adledstcibiout 5% Ofrefeestilp bifloast aboutBOH, nisre Prefg@iblm rays.
Al um num hydr oxi ﬁle rrago be_incorporated to inprove the flammbility of a

pol ymer resin. ai§apaoulyag. i dhe metepsssygivhicy tie coBrosieswishaticabrad use as

a potential c r AGIH BV e }P?{Eg >t i
(cgnductive ca?l%%%agleg:% andlgshcg%itngge e @H%ﬁ%ﬁ?%‘?ﬂeﬁ@ég &fdt e,
such as graphi tpelylemwlisre ether) dxbihisedring expaasipn/ ther valie yofaRIA0H exceed
conductivity t e formulation, 16 Jul 0Q4 WD 01/53413 P SQ1/ 01695
50" L or & al S6b R At Sapiehies yeleslalla o A COREOREAT S0 SEhEH SHBRG| o
flakes, flakegx M&O&@ﬁ&@,&%pﬁf&%@@ﬁ&bQ%ﬁ%o@%ﬂ%ﬁﬁ%& 8k@sed and

steel flakes. Fillers also include short inorganic fibers, including
processed ni nedapn apjoyat effective toprodyese shiéage teduction bricgraater thapiabetthg at

| east one of al,4@in el LAl es, ] 'f'%%a nesi | and
cal ci um sul f at égmﬁém%]ﬁeggféa{%ﬂgﬁﬁﬁﬁﬁl%'% al sorra:b(r%%é% ude ’r#ag?grr“%? p#?ﬁ‘e?aéhgggfnd

rei nf or cengdt s gredtetthas abmad10%) our obtai ned by pul veri zi ng wood, and
fibrous products such as cellul ose, cotton, sisal, jute, starch, cork

flour, Tignin, gr Ou?ﬂe Qﬁécti%g ealrrllo%ht 6P e ca%aipgc? pgfy?e;rjglen% %m%s&rﬁl depend on
the nature and amount of the unsaturated polyester, the nature and amount of
the alkenyl aromatic monomer, and the nature of the capped poly(arylene
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



Fillers also include synthetic reinforcing fibers including polyesters such
as pol yet hyl ene terephthal ate, polyvinylal cohol; and high tet&aduly o4 bers
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 orwWOPI/i3¢18s, ceramic fibers such as silicon cardtTesoremss fi bers
fromm xed oxi des of alum num boron andqgilicon sold under the trade nane
"Nextel" by 3M Co., St. Paul, MN, USA. 20 Fillers also include single
crystal fibers or "whiskers", including silicon carbide, alum na, boron

car bl de, car bOry (o0 AHEKE] 8 e LRPREereh! LTSI 89 LRGN perpon

el ectrically con I ve pol yners,t suc ypyrrole,

pol yphenyl ene, pmma@ahylm;abpemmﬁes bttbﬂﬁylteﬂhﬁdket@tw M@&ideﬁﬁau&jﬂep@oﬁiﬁe,
I ncl udi ng derivatjyves substituted wth - Q25 al ky Cl- 25 25 al koxy,
Cl- C25 al kyl caroaﬁlﬁi)/?"an@ie C2BetRride caﬁ"b‘i‘fﬁ | hyAropepxides driutyl coepgene

82}458?113 (P:GCT/Clngl /ale%g,%aenybuty? eﬁgq%%gélsﬁdlﬁégg ;&EI%ZS- # lég&ng tgit }Aloe
glass fiber§ suthdiasetlyl-2%-di-buifflpRroNy)-hSx-3Pneadit-Iiylperssds tamdylouayt z.

W thout. 235”??5'@&?% . slgheali b A e St HRIOP DRTERa PR
adhesion 5 pr %@Hi%ﬂlbut? ARRAYerdkiae, & Wlﬁex@ﬂ?%bﬁﬂmm’t@@t ers

to inprove adhesion o )@?herm)settl resin othefl ler or to an
external coati rfglfﬂpemgﬂmpﬁee Al so2gditt-bntglpesoxyitudancent of (3ebis(t-

af orement i oned Llers may bggty.e: h ronot er
to i nprove adhgm oh %Cgan%’n 10 prormtgrs m%ﬁ? QJrom uﬁﬂg %ﬁ%ﬁge 8
silanes, ti6 ana:h@ﬂmeﬂ'lyﬂsﬂgd)pbw&iﬂenﬁirﬁ&hylsﬂ)ﬂph@wﬂmenﬂjﬂkﬂgﬂ p@rc&itleydﬁdldm

copol yners, reagtive ce]lul ose ester Chr.om um conpl exes

i ncl ude those e 280 | EHHER FOWE‘SWEaﬁgﬁ%??eOT\?@gA% foregoing CHENE FEENMSS | anes
i ncl ude nol eCUl'l??%E}F‘V hBA- gﬁeh?zyg SRRaBdrs S HRMELL!T Gol @aﬁ:nvple,n)ﬁ -dindgLes N

n=1.3, Ris an or group and Y I1s a reactl furict1 ona
diphenylbutane, 2,3-11'1methylsﬂy10xy~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



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

‘am nopropyl tri ethoxysilane, g-glycidoxypropyltrinethoxysilane, 9 20

nmer capt opropyl tri met hoxysil ane. Titanates include . those devel oped by S.
J. Mnte et wb01/333ANn. Chem Tech Conf. SPI (1980), AnnpCTTesshoigenf .

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

my. be. i not uded PR PRb O RePhasetr Rl At SRS r st "o

the fillers degﬁ em@rammeeos@oabdmomiﬁr@qﬁem@ atpetew@en the filler and the
thernosetting resin. For exanple such pronmoters may be used to coat a

silicate fiber or filler .to i nprove adhesi on _of .the_resi rix. 16 July
2004 WO 01/ 53413 Pcwllﬂgo% SIHPRL 18; 10 %g%u%%dﬂﬁrﬁwﬁaglﬂ iw M4t s
such as fatty %Ptﬁ&oké“mgfi& b ortomfﬁa‘&ﬁ'r Boety laé Cfo@‘ékgmgﬁt fhe IpthbhrHHétBﬁb cetyl,

stearyl and tall oil ohol ,” di stearyl adi pate tearyl phthal at e,
fatty acid 8st eiescrd:fedghy\'dér Bhteahhﬂooﬁ,lé@%f?@hUtCIquMﬁQr emmplho&ttbyﬁ patizath ng

gl ycerol nonool st t roI dr oxy tearate,
Gl yoerol trist da, EoB Ry PaR ey e et SRS, EOP LA L o
tetrastearate, dphaydlpld-grRtidhGacctspenbnd, St ear al &lphd Apha-Aineth8%y-alpRa-
hydroxystearic acid, oleic acid am de, erucani de, b| s(.st ear qyl )et yl ene

di anine, cal ci hesylagatephenope dethpymhspeacaterhienane, Headicarhosthegb erepﬁasu c
| ead stearate, ﬂiﬁ&?&l CraGhi %P@eéﬂi&sta%ﬁ%_mg ﬁen% de LB 88

cal ci um soap 10 arning co estérst fatty al cohol atty ac?’ esters

i ncl udi ng i18ot rmetbglplbenstinamatiey] ety trpﬂumamtc@heﬁmmarqdd ghedila esndbehenyl
behenate, nontanjc acid, ,nontanhic aci ﬁ% | ene ﬁ?%/}col esters, nontanic

acid gl ycerol JBIETES CORIPISIAG at leask ppeiol bR {HBgARH PRYIUREr s, cal ci um soap

contai ning nontanic acid esters; calcium nontanate, sodi um nontanat e;
| i near or branched ggré )t@h{pdsﬁ@ﬁ mip fRathél dbhyrisapaditivee knpahny Bl the eie wax,

et hyl ene-vi nyl acetate copol yne
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-



crystal line polyethyl ene wax; natural or synthetic paraffin including fully
refined wax, hardened paraffin wax, synthetic paraffin wax, n6dug@ag4 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, nanotWeéss3der ogel s and xerogels. Preferred vaporegusmisear bon

fi bers include those having an average di ggeter 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 T ; 89 to Komatsu et al ... 4,87 /8.0 Arakawa et
al.; 5,589, 15?}{}%%%1%3%3%%5% t.e‘, and 5,591, 382 ql%é'ﬁa%ggg tngPS.P egani C
fillers such adid(ftiphemylphsdphate atd)siof bBphendd suthas biypbesolnR)res@tinol e used.
Exanpl es of thernopl astics i nclude_powdery engineering.resins, 16 July 2004
WO 01/ 53413 PCHYEsgwrrRsoer thedig(dinhe R}Eﬂsyla%ifﬁ%ﬁ‘é% et %%Wﬁwﬂ%ﬁ t6-

pol yester, pol Hanat e,; yl heg , . f -0l yet her
e gnat pgl\ggﬁ&inlép &) .atga &f .ﬂﬂ)gﬁ’éiﬁ ycgét}ﬁﬁ)? Py

sul fone, and pol yacryl ate; ery polyolerins, such as po ene,
pol ypropyl ehe dhetefyaiy - K-bretindied flemeentrdants bronsed, distsi prefermsdcthat the

pol ytetrafl uorget hyl ene, tetrafl uoroethyl ene 5 pr | ene_copol yner.

chl ori nat ed pQ&’Q]’ I‘é%?nte?‘{] %??EOW ag?ﬂ‘%t%%r‘g%o ‘i/r%?ag‘,?r b‘é‘yé%ﬁ yat es
such as pol ybUta)zﬂvaﬁﬁgéﬂlﬁIye%reﬂl@f ﬂ(a%‘d@%ﬁhd%ﬁéﬁia%lﬁ%ﬁeateﬁ% #96! IThé BRACT
nodi fi ers, such as polynetﬂégﬁethacrylate- pol ybutyl acryl at e,

Egl gl( aE:nr3 ?/I oni E) lrh‘-‘@@ﬂ@tﬁ-‘?&@ﬁ? s flgme meiprdapbrliqvat gredaebtaie Qﬂrfiml‘rlﬁ@}l’?’
S, . x .adl - Ter-S;
poprKenyleng é%ﬁgfﬁﬁﬁ%ﬁgﬁgﬁé5%%§%§F§ﬁ%g?B§@§?§ﬁ¥%gﬁ%ﬁfﬁg“%?%ﬁ£°%%§@ified

et hyl ene pdopyldelectricipiagiestiesand but adi ene/ styrene bl ock copolyners. Fillers
may al so include organic fillers such as rubbers, including

acryl at e- but adi ene ber.. copagl yners of et hyl ryl.ate (or.other
2eryl ates) and 16 aUSRE Plerk aiA BRI A RASFGEPP Pdh gt known
vul cani zati on (@Ghyikt SAHRMREL the pRIpRAkS R pldstiedEkQinpRE | QLaeHills SR
trifluoronitrosonmethane, and nitroso-
known to the art include those described in “Plastic Additives Handbook, 4
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



perfluorobutyric acid (nitroso rubber), ethylacrylate-acrylonitrile
copolynmer (acrylate rubber), al kylene sulfide rubber, ureththduly dtilser -
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®olsseshyl ene, et hyl ene-ethyl acrylate copotgmEs01/41695g. ,
VAMAC(c)), copol yner of ethylene oxide (ox¢ran) and chl oronet hyl 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 d t her . .epi.chi orahydrin-et hyl eneqgxi de
Lerporymer oTRT aRE: iinPE kAl Bha KBS MRbRlE B RAGRE RS o i
fluoro groups, the ahbefacitisate A dibpeasion ot arfd copfisaibity wath fhe eroRbdtugin,

substituent groups . on the polyner chain, copalyner from praopylene oxide
and al |yl gl yct¥d, ngluding mefallized mjqagad\apicn suriacertte @I7inasiignes orp4

hydr ogenat ed ni fr : - 1.S00U O fﬂgk; er),
polyisobutene,aé?%#%%%ﬁ%p?éggkéh% %ﬁ%ﬁg§¥h?igﬁl si#??gﬁgkgﬁ%%tp%gggthy

si | i cone r ubbeifgldspar pindmephilinge $yenhielisdiveter spblerss; flae dystorértosphezes filllidie;opr ene
rubber acrylonitrile-i.sqoprepe ruhbber, isoprene rubber, polyglycol. ether, 5
oyl pyr d ne- BUHERHLREE T CBEEPSPISE) et FTEHES P Eny AT | FEEHunber
with phenyl guRuRSosititdtberniEY ak&o dang) ol yhitaral kexyphasipbrzene,
pol ynorbornene,  propyl eneoxi de rubber, polypropylene, _

vi nyl pyri di ne- siatpraaecoyst epdihe mynthetipbdilica, undudinge thasebwitl, vameusy kilagiel | cone

rubber with phg&ﬁﬁl ngy'g. e10 groups, styrene-butadi ene rubber,

st yrene- but adi ene-$tyr ene 6ck copol yner (thernopl astic el astoner),
styrene-clil oroprene rubber, polysiloxane treated EPDM styrene-isoprene
| ubber, st ¥ ene-i sofheneewt fllers enayl wecusecojpaingtallized (dr edlan® pbaied farms to

el astoner), pol.ythioglycol., &t her etrafl.yoroet hyl e ol ysul fi de
rubbers, trans? BFVEgPéﬁﬁhgﬁy ;4 Pﬁ8pﬁﬂéﬁéﬁﬁ% ?Q%%ﬂFﬁernDplastic

el astoners, thernoplastic polyolefins, thernoplastic polyurethanes, nethyl
silicone rubber w tOther yitnegd] ofilfegs indhides bilibdialohdide 6 YWeirének ahe abeistileSi on

polymer, sol ut iac(:)t?onpgfl I)J/cﬁeygt{ers? inlxo-l;bxci[eggglesglfricijebg)eigﬁprove 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 Tesistance 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.



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 i ncl ude bigwingoGgent s
such as azo conpounds |i ke diazoam nobenzene, azobi sisobutyronitrile,
azodi car bonam de, azodi carbonic acid, benzene sul fonyl hydrazide,
‘benzene-|, 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 W@ WN/5328 di ni trosopht hal axni de, and sodi um cardrarsat/@essl ends
with acidic conpounds such as tartaric agpd. 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

PCT/ USOL/ 01695 25 rts,of. an.alLkenyl., aronatic monaner.; and oMmt, 0.1 to
about 12 parts of apﬂglgp%seodn%gﬁiﬁ/%‘%%% el réa?r??rc S 1Sr111c§Iaf g%?rrsoﬁlua%ﬁeg are
based on 100 pdkké&d siB&nvarbitie aldh@lithydipoafienhetdinefbfiliesrinid, stdehBal@enposi ti on
conpri ses about 30 to about 70 parts of an unsaturated pol yester; about 15

to about 50 parts 5_styrene; about 1 to abput, 8 parts. of a capped
pol y(aryl ene et her )F’ﬁﬁ’\};‘i ‘ﬁﬁ’ udlerf’}‘ﬂtr???’tgamc ?ft‘f}dﬁ‘imﬁb%ﬁfesﬁ%i@qefialabout
0.35 dL/g; aboihefd shch @s AR HeAvRBEbMH ble[ﬁd@coikgﬁsﬁgq £k ook of Aehiakaut 0. 01

to about 1 parts of a curing pronoter; wherei'n all amounts are based on
100 parts rlesi milicides,widtiumfrainy n@widss,o odagreaium hexides e ranido nealdiiernu dedfagncur ed,

partially 10 cur d fully cured conpositions. There is no particular
limtation on %ﬁ@gﬁé@%@ds by which the curable resins are processed.

Sui tabl e nmethods include, for exanple, hand lay-up and spray |ay-up,
casting, sheet nol dFillgrs b kindwded naigyrali fiflers tandnreindbotemgnts, padht asisvood,

vacuum i npregnation, and fhe |like, 15 T@ere LS no patticular limtation on
Uhe" et hod by ARHERVERE BY pabie Ergvagy B HErBS PO S i ohey . 1 or
exanpl e, be cukggon,sfal TRtk staRh, R¥k ¥RLAdidnind, adbatd ABt RN S%e driial udi ng
Wirradiation and electron beamirradiation.-In a preferred enbodi nent,
t he conposil®i omugks.suitable for | ow
Fillers also include synthetic reinforcing fibers including polyesters such
as polyethylene terephthalate, polyvinylalcohol; 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.



20 tenperature curing. For exanple, the conposition may be cured under
conditions conprising a curing tenperature not greater than thay 2630C
(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 neast@eéuss4sdccordi ng to ASTM D2583 of at | east abPCWUBOIsHOr e
preferably at |east about 40. 16 July 20041 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

resin systemused i e I b ned
From Ashi and as. CosBLer A5 TR ARpRiidRe BUREEE ficks b3 & SOLRCT
reactivity, thiB{KemaBJBﬁanﬂd%Egﬁbﬁéaﬁ& umé or use in low profile and
control |l ed shrink applications.” The datasheet supplied with the mat eri al

di cat t tent of .35 wejght Ex 6 the LPA
was & capped pol y( aPyPEETErafnedhar mBEbT Sa8¢d 1 e RN AR e one
ether)s were NBLHRAENH REABREE: Bl uiabe SbdtRichl |RReRNY vatihes hahe(sB?lE- MAA)

10 having intrinsic viscosities of 0.12 and 0. 31 /g as neasured in
chl orof ormat m@WoteThe capped pol y(aryl ene ether)s were prepared by
reaction of the correspondi ng uncapped pol yaryl ene ethers with nethacrylic

anhydri de, using pm&%ﬂﬁmnéﬁ%ﬁ@% béhthdnsadfeéicﬁxngrcﬁﬂ{?ﬂefsc%'ﬁl rGRY i 2l
No. 09/440, 747, filed Novenber , ) commercial LPA contarning a

pol yvi nyl acet aﬁh;asmﬁ of thea theemogedtihgPresitd thenfilldri amtoCar bxtdmal vxmngs‘a'd as

conparison. The .initiator pa th cat

met hyl et hyl ketYh#atye gbs C%&%Pﬁf\'\%ﬁtfmf ﬁ%ﬁé‘ij?ﬁ% ?5&18 ?'t“'\é

et hyl hexanot e. pAkyebe GiFRRE RN endagh&pilpinesled ﬁ:qirb@a\@dheﬁtw eﬂ@he@ﬁm
wei ghed into a disposabl e beaker and to this:was added the LPA. In the

case of PPEDMAPromotase inglude, elroppamt erspplpest sitpngs, | tipnatey, | dxce-alyginates,

it es) on a vt ero Bt Al riRAOHL cB0S ok SIRRk FHA Ik dnc @RS ©

di ssol ution wa 'eve
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.



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

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 nolds and placed in an air convection oven set at 35C. 16 July 2004
‘WD 01/53413 PCT/ USOL1/ 01695 27 The onset of gelling occurred within the
range of one w@df534106 two hours, each with a substantial BXAISigegs aft er
which the parts appeared hard and cured. 2fenerally, 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

conditions. The sa wer e l.o . Sj 4 981” or. j r

final |length was ne”gﬁslgfse&ayﬁgé %&%eengu srhcrgilngr?k‘%”;{ig%%l gswzf;ls cgfc 8%?1&%@ B{%ﬁj
conparing the iditdrbadylit @t éstdre ihdMdihi katyl,| fegyhandvidt 6il tal@hol, distéaayl | engt h
is the length of the pold, and the final length is tff l.engt h.of the

e
mol ded bar af t &diRaly idigieaswpbthalain, fatyqcid pepwE it S6RERL @ng iher ghont sults
are presented i I dﬂ-[éd EM{?OPQ %gg:gﬁﬁl Iﬁé)‘;%e EK@% . 1-6,

withpa capped 8&°§?§r§f%‘ne egﬁgér})\g@ exhibrt’ uced&lg ri r?%;ca’e corr%)g?ed to

conposi ti onS whydrpgkieataty| glyetalt etrimtwhrathostrimethisloho frBPpanecAs tristdnoatn, i n

Figure 1, conmpositions.of the inventign also exhibit reduced, brittleness.

I part i cul o TEALCSATIRL SRR A et IR siipare pppestic qids, 12

correspondi ng hc | agll, TRkE eadid liide)CeafkRilde, WBR(RaSofREnyEAWD! es

| abel ed #1 ("UPR + 4% PVA") and #3 ("UPR neat"), correspondl‘g{g to

Conpar ati ve Exaliphive, ralgineh stearatepeipe istearape, nfutphpipad stearsini dibesienigad pl e

cracks _and 1 aGLUrES, e Al YoABRA UROUEIAR RETHUPCLR! 885um ™
10  containing complex esters, fatty alcohol fatty acid esters including isotridecyl

stearate, cetyl palmitate, stearyl stearate, behenyl behenate, montanic acid,
montanic acid ethylene glycol esters, montanic acid glycerol esters, montanic
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,
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such as polycarbonate, thermoplastic polyester, polyestercarbonate,
polyphenylene ether, polysulfone, polyether sulfone, and polyacrylate;
powdery polyolefins, such as polyethylene, polypropylene and poly-4-methyl
pentene-1; fluoroplastics, such as polytetrafluoroethylene, tetraffuoroethylene-

5 propylene copolymer; chlorinated polyethylene; ethylene vinylacatate
copolymers; polyacrlyates such as polybutyl acrylate, poly(2-hexyl acrylate);

~ coreshell impact modifiers, such as  polymethylmethacrylate-
polybutylacrylate, poly(acrylonitrile-butadiene-styrene), poly(styrene-
acrylonitrile}  copolymers,  poly(methylmethacrylate-butadiene-styrene)

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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01/ 53413 PCT/ USOL/ 01695 29 EXAMPLE 7, COVPARATI VE EXAMPLES 16 July 28(4ng "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 35CW@0IHi&3results are presented in Table 2 and BITABIAIA Exanpl e
8, with a nethacryl ate-capped poly(arylepge ether), cured nore rapidly than
conpositions with uncapped poly(arylene ether)s or with no LPA. 16 July
2004 WO 01/53413

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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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.



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 & ldng00h
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 Onens 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 wo Mgi331d were net hacryl at e- capped pol y( 2, 6- deGRgsy¢15¢5eny|
ether)s having intrinsic viscosities ofzg0.12 and 0.31 dL/g, prepared
according to the procedure referenced above. For all sanples, the curing

pronoter was cobalt naphtihanhtle Al l 3a Les| were cured for about 24
24hours at 25C. The 10 cpj Ogﬁ s landacygiPieishrinkage results are
presented in Table 3. Thevippsid|Fes1S|TidiiCat|&|dhat a noderate anount (2% or
49 of either capped pol Hafiyenet—ethgr)—+¢ ed curing shrinkage, while
hi gher anmpunts caused exménfgacgﬁgoﬁi\gurg 4gpdows i mages of four of the
nol ded conpositions conp'pﬁsagga' cdplped §o|§ ey | ene et her) having an
intrinsic viscosity of 0| 12|d7g| Sanplle 118684 in 15 the figure
correspondi ng to exanpl ef nupberis{as|follloys: 13 C Ex. 11; 2 = Ex. 8; 3 =
Ex. 9; 4 = Ex. 10. The fﬁ §g§ﬁ S lehan tgﬂ.aarrple | abel ed (1),
corresponding to C. Ex. 'ﬂﬂmj'dde‘a d &4 pol y(aryl ene et her),
exhi bited shrinkage, whpreas tthe isanpl-e- 2d (2), corresponding to Ex.
8 with 2 weight percent| elh g@g\g-c:gppg%&ol y(aryl ene ether) having an
intrinsic 20 viscosity of&gg’.agéﬂg:}e (i betgadi) r educed shrinkage; Exs. 9
and 10, with 4 weight per&*e‘ﬁh"' apd™ wei ght'|‘Per cent net hacryl at e- capped
poly(arylene ether), refpectyvely, lexhnbiit ed expansion. 16 July 2004
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EXAMPLE 7, COMPARATIVE EXAMPLES 7-10

Using the procedures described above, seven samples containing the
unsaturated polyester resin Ashland Q6585 were prepared with variations in
poly(arylene ether) capping (none or methacrylate cap), intrinsic viscosity (0.12,
0.25, or 0.31 dL/g), and amount. All samples were cured for 16 hours at 35°C.

5 The results are presented in Table 2 and show that Example 8, with a
methacrylate-capped poly(arylene ether), cured more | rapidly than
compositions with uncapped poly(arylene ether)s or with no LPA.
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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
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
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
the figure 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
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
5  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-

5  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,

5  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. |
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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 elenents thereof wthout departing
fromthe scope of the invention. In addition, many 5 nodifications may be
made to adaptW@ols#18i cul ar situation or material to the rEAcHiMNgsS of the

i nvention w thout departing from essentiapyscope 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 invention,

but that the inventpon wyll /gl yde, gomposm 0L EnkR 2f Hrlel 29 a0 f)gﬂfﬁ'asm
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



10 the scope of the appended clains. Al cited patents and other references
are incorporated herein by reference in their entirety. 16 J&lUyy2004 WO
01/53413 PCT/ US01/ 01695 36 CLAIMS: 1. A curable resin composition,
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 PP YIES48r is the reaction product of at |eastP@ESopeksshydri c

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 acid, it ' ' [ i; [ : i id,

di meric nethacrylig aé?%?&%gﬁlc gg?%?ﬂggfgﬁﬁgggop t%g#%%ﬁggﬁgﬁbﬁhﬁg 5

net hyl enet et r afjt®giREhal i ¢ aci d, hexachl or o- endo-

nmet hyl enet et r ahydr opht hal i ¢ aci d, hal ogenated phthalic acids, the
correspondi ng esters and anhydri desyof the foregoing unsaturated pol ybasic
acids, and m xtures conprising ar!l éast e\?; t he, f oy egoi ng unsat ur at ed
pol ybasi ¢ acids, esters, andjanhydri gdesjj 4. cyrabhe resin conposition
of Caim2, wherein the pol yhydri ol i d fromthe group
consi sting of ethylene glycol\, pr#py gky@%l, i ef hyl ene gl ycol,

di propyl ene gl ycol, 1,2-butan &E@I, 1, 3- bubanedi ol , 17 4-butanediol,
neopentyl glycol, glycerol, triethylBne glycol, pentanediol, 5 hexylene
gl ycol, hydrogenated bi sphenol A, bisphenol A-al kyl ene oxi de adducts,
tetrabronobi sphepolinfefhKRl §58ngededBe@d dolksed Ansn Mt HRD GRS at
| east one of the foregoing polyhydric al cohols. 16 July 2004 WD 01/53413
PCT/ US01/ 01695 hydrogen and Ci-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;andqis0tob.

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.



37 5. The curable resin conposition of Claim?2, wherein the polybasic acid
further conprises a saturated or aromatic polybasic acid sel ggh@g26d9m-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 pol ybasic acids, and m xtures conprising at |east one of the

f oregoi ng satweeradsor aromatic pol ybasi ¢ aci ds, esters,p@nsoanbsgdri des.

6. The curable resin conposition of C aingd, 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 maleic agjd 5 | efi.c anhydt.i de;. an t mati c
pol ybasic acid conpf*siﬁgﬁdﬁFﬂg?Fgmégpﬁyxﬂpﬁ?ﬁgfﬁégéghyggﬁ%%Faggqﬁka

i sophthalic acip&ly(zcgléﬁb@t}@@r}@blﬂ@egtﬁﬁ:h&ecorrposi tion of daim1l, conprising
about 20 to about 80 parts of the unsaturated polyester per 100 parts
resin. 01 6 July 2004 WD 01/53413 PCT#gﬁg%&OlGQS 38 8. The conposition of
Claim1l, wherein the al kenyl aromatic roNoM&r has the structure RL 4R H2C
g wherein each Rl is independently selected fromthe group consisting of
hydrogen and Clwi{et@nd) iyhe regidentit a monshyepiendibpddiy of pblgby e phiamol;tyhe gr oup
5 consisting of halo%en, Cl-C12 al kyl, .and C7-C12 al koxyl; X is nitrogen or
carbon; p is i btot00grempriseprecprrsig units PRRNGARGHEIHTEN of C aim 1, wherein
t he al kenyl aromatic nononer is selected fromthe group consisting of
styrene, al pha nethyl styrene, 2- gyl styrgne, 3, net hyl styrene,

4- et hyl styrene, 2-1 - .

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



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.WON&3Her abl e resin conposition of Claiml, cITFisvEty about 10
to about 70 parts of the al kenyl aromatigy nononmer, based on 100 parts
resin. 16 July 2004 WO 01/53413 PCT/US01/01695 39 11. The curable resin
conposition of Gaim1l, wherein the capped pon(arerne ether) has the

structure C}a- . e i t he resi r|c ric,

pol yhydric phe ¥GH€QW”§%1 ggbﬁdﬁe F<o FPﬂ%enPECH?r.ng AT hg%gﬁg the
structure 5 whesgishnE3ofRe: af(%eﬁﬁihhldg@ﬁiepl@-@ﬁ@lﬂy&’ apcﬂmyednaramnbhengr oup
consi sting of hydrogen, primary or secondary Cl- C12 al kyl, Cl-C12
al kenyl , Cl- Clavhesgir iy di V@lert%g@%ﬁ elesteriam thesreun coRFtBg Al kyl , phenyl
Ca.-Cl2 hal oal kyl, Cl1- Cl12 am noal kyl , Cl C12 hydr ocar bonoxy, and Cl-C12

hal ohydr ocar bonox wherei n,at, | east tmo car bon ato separa e t&e hal ogen
and oxygen atons; Ois 1 ﬁ3 bout 2 nd K a cappi ng p\ sel ect ed
fromthe group congj gting k u and mh reln C Cl12

al kyl ; R8-R10 ar ath mdep\?r%g!ntly se\l 8ct ed from” sr sting of
hydrogen, Cl1-C12 al kyl, Cr-C12 al kenyl, Cl1-Cl12 a Cl1- C12
(al kyl -aryl), Cl-C12 aIkoxycarbonyI, Cl Cl2 aryl x car bonyl ,
(al kyl -aryl)oxycarbonyl, nitrile, fornyl, carboxyl ate, |n1date, and R12 16

Jul'y 2004 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.



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

i ndependently selected fromthe group consisting of hydrogete Jitakogen,
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 Cl1-Cl12 al kyl. 12. The curable resin conposition of claim1l, wherein Q
is the resi M@M8413a nonohydric phenol. 16 July 2004 WO BINEG8HME"S

PCT/ US01/ 01695 41 13. The curable resin gpnposition of Claim1l, wherein
the capped poly(arylene ether) conprises a capping group having the
structure wherein R8-Rl0 are each |ndependently sel ected fromthe group

consi sting of hydr en, al k Cl-. nyl,, Ci-Cl2 aryl -1-Cl2
mi xed (al kyl-aryl), R G e S P BN On&%gfy atﬁ%é?ﬁﬁe,‘q i xed
(al kyl -aryl) ox Ié&'\bethe doprBes & 64 gioaphaxin &h@stmhdﬁﬁat e, and
thlocarboxylatgﬁpji@9 The cﬁlabﬁg re5|g%%%%p05|tlon%bf Claiml, wherein the
capped poly(arylene ether) has an intrinsic viscosity of about 0.08 to
about 0.40 deciliters per gram as i n\xchloroformat 23C. 15. The
curable resin conposition of Claim n thg capped poly(arylene
ether) is substantially free of am potsubgtituentls. 16. The curable resin
conposition of Claim 1, conprising .1 to |about 12 parts of the
capped poly(arylene ether) per 100
conposition of daim1l, further co
curable resin conposition of Claim1ly, cogprising not greater than about
1.5 parts of the curing catalyst per 100 parts fesin. 19. The curable resin
conposition of Claim1, further conprising a curing pronoter.

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,

ri sing/a cu |ng catal yst. 18. The

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.



16 July 2004 WO 01/53413 PCT/US01/ 01695 42 20. The curable resin
conposition of Caim19, conprising not greater than about s duipaots 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
“peroxide, lauryl peroxide, cycl ohexanone peroxi de, t-butyl hydroperoxide,
t-butyl benzéev@olspdsoperoxide, t -butyl 5 peroctoate, PCT/US01/01695

2, 5-di rnet hyl hexane- 2, 5- di hydr oper oxi de, 23 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 cumyl oxide, di(t-bu er i sopht hal.ate, t-
but 11 por oxy bensoat e20 2 T3S Ehoptiesit GG P ot PR 1 B iner

but yl per oxy) octiiabodt ﬁzg&:ﬁaefﬂx}élcuﬁn%pﬁﬁrﬁmnp@mbopwreshﬁxane,

di (trinmethylsilyl)peroxide, trimethylsilylphenyltriphenylsilyl peroxide,

2, 3- dinethyl -2, 3-djphenyl butane, 2,3-trinethylsilyloxy-2,3:-di.phenyl but ane,
and nixtures conpr _]si ngﬁ"ﬁtc‘ﬁr : §tres&‘f'1§°15‘P_°?1H‘én1oéfclé@‘éT ﬁé ‘t’fﬁ?ﬁ?ﬁb#@a‘i"é Sts.

22. The curabl RataBBt B Mé@élﬁfﬁoh@'ﬂm%ro@p%o%i&ﬁné BE %@ﬁioﬂ%ﬁ&, Nchyl | east
one curing pronotér. 23. The curablée résin conposition of Claiml, wherein

the curing pr growdde,  metwl cethpld ketoom perexigeo dpupb esretileg cydohexagne

napht hanate, cobalt, e | hexanoat e, .. N, N di hyl aniine .

Rl oyt ar | PEe k] JAPE8kSg Moo beeeRE o BGreronide: Wk egoi ng
curing pronpt e@&rocﬂcﬁ;elylzﬁ-aﬁﬂéﬂlyﬁe&bldewa&zwek&@dé,o 1698iméByRAs-diee
curable resin conposition of Claim21, further_ conprising at east _one

addi tive sel ectatylperarnithes-Zgyesup ceishuyiparpxiste f | dnrtylsiawlant Reroridene
retardant synergj By r | upt 46AESI2 5.di(t-
antioxidantg, a&ﬁ%&ﬁgﬁagkgﬁ%#¥§%rs,Qﬁ%%&%&ﬁ@ﬂgﬁkgghbiF?gers, %%ﬁgﬁts,
dyes, col or ant butydparoxghetane, dipantydperdxite, o udi(trhaitylpercxg neisephthalatec - haped

fiiTers, | ow aspeel Lol 0 i) oS SYBLASKGicbes) fheal U721 b530E AN
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.



25. The curable resin conposition of Caim1, wherein the amount of the
capped poly(arylene ether) is effective to reduce the curingiébuly2Rege i n
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 conposition of Claim1l1, exhibiting a curing shrinkage in any
one di nension not greater than about 3.0% wherein curing shrinkage is
defined by tMO®W{e@di on =100 .libefore ... Lafer) LbefaPeTHpEngdh S is the
curing shrinkage expressed as a percent, 43bef 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 conposition of Claim1, wherein the conposition is curable
under conditions conprising a curing tenperature not greater than about
50C and a curing tine not greater than about 30 hours. 16 July 2004 WO

01/ 53413 PCT/ USOL/ 02695 Thesugeble fesipueampasitionse rcle@nqaoémemom@mpgnaé| ng:

about 30 to abeut, 70 rts 0 nsat ur I about
50 parts of an?éTV%h aro %?%8§5n0%%ﬁ¥g%§ﬁxgg%§g%&nge?QQ&%n %% parts
of a capped pO&MﬁﬁﬁMfsﬁﬁmgkhﬁhiﬂdrmhﬁﬁe@ﬁn@hﬁuﬁﬂ@ﬁﬂMﬂnﬁﬁﬂmbaaﬁﬂnbmﬁﬂoo

parts resin. 29. A curable resin COHDgSItIOﬂ conprisin about 30 to about

70 parts of anthfial sirkilizers d@ﬁ?@é’%ﬁ‘éﬁtﬁ ilizers, piSTETS AK$50 68 O@Qtspé?i?étagf:yr ene;
about 1 to @bo UeirBocd L¥haseH! Sne eﬁéwra)s RAVARY (s, 5
intrinsic V|scgéal ﬁ%kﬁ%oﬁgeu. 0 g%ouf%% 35 dL7 Fout 0.1 10 about
2.5 parts of aspmhmmgeaasahysﬁbmanﬂanéﬂmmnm@kﬁﬂcd@mam@um 1 parts of a
curing pronoter; wherein all amounts are based on 100 parts resin. 30. A
curable resin conpogd ti Qe GO foihMnlpBREbR BFELAR PLALMEA o8 améithe of
unsat ur at ed pol yest'er;

the capped poly(arylene ether) is effective to reduce the curing shrinkage in

any one dimension by at least about 25% compared to the shrinkage of a
corresponding 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.



an al kenyl aromatic conpound; and an anmpunt of a capped pol y(aryl ene ether)
effective to reduce the 5 volune change that acconpani es cut$ dgy 2804 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 nmethod of preparing a curable resin conposition,
conpri si ng: bIending an al kenyl aromatic conpound and a capped
pol y(aryl ene"@H&H#35t0 forma first blend; and bl ending Fﬁggﬂﬂwg?Sblend and
an unsaturated polyester to forma 5 secHdnd 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 blend,

bl ending the first 28_end\@ﬂdbla@esqm&fﬁ&wsmgc@ﬂibﬁﬁﬁé;er to forma 5 second
bl end; and curing the second blend at” a tenperaturée not greater than about

50C for a tine not greater than boub 30 hPurs.
about 30 to about 70 parts of an unsaturated polyester;

about 15 to about 50 parts of an alkenyl aromatic monomer; and
about 0.1 to about 12 parts of a capped poly(arylene ether);
5 wherein all amounts are based on 100 parts resin.
29. A curable resin composiﬁori, 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
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.
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33. 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.
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

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.



