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Decenber 20, 2002, and U.S. Provisional Application Serial No. 60/319, 872,
filed January 16, 2003. BACKGROUND OF | NVENTI ON Ther moset nol di ng.

conposi ti ons KABRMOIET COMPOSATECOMEGSITION, VA TROD! WNIDARGIEDS
containing inorganic fillers and/or fibers. Upon heating, thernpset

monomers initially exhibit viscosities | ow enough to allow for nelt -
[ of an article fromthe filled nonomer conposition.

pr ocessi n%ﬁnd nol di rllagiY
Upon f urt AdkO G TG RELATED: APRYICADN®r s react and cure to form

hard resins vvith h| gh stiffness. One potential industrial use of thernoset

conposi tions i spygl gﬁﬂ{ckﬁéﬂ clahy ehe%qaém%f@@ p%@g%narggﬂn&%m@ﬁmtﬁoSuch as

engi ne val ve -cover El'ectrical applications typica require specific
di el ect ri ®0/31O&O8y filesls Dedranybear2d, 36Q% rend ). Su Poovisibeal adopplicetidri Serial aler  hood

conponent fera exhi bi h strength hi gh ductility and high
nodul us at Opésﬁgtﬂfglj L‘% @ng is also preferred that the di nensions
of the nol ded parts conf orm cl osely to. those of the nolds used to prepare

them U. SB/EGKGMOINQD@FWET@ZON) Yeager et al. describes thernoset
conpositions conprising poly(arylene ether) resins that have been capped
with et hyI nically émsaturat ed .groups._ These. conpositions exhibit
desirabl e gxe molding comapsitons lawwngmé% agt jagg gencradly thermesetting Fesinsand | ow

coef 11 cl et} mg RiBFdRRlc FIREAR/G b BYSH heatihD AREITREGR ﬁgfn?uar&t

sui table for appl i cations. There rehal ns a nee or ther
conposi ti @nhlb!thmcoemns mvnmfgth@HbWe%t mettgrbessioghnd moping ofan amidle

applicati speci . roperties su as. .di el ri tre and_ hi gh
Rl cat ! N8 i), BloRB et PRS- SuReh b feabhr TR\ beriE e
above- dtesciﬁcbdwcbr@fbdcwnhejhrabawmﬁ rédis with Bighatigfledy a curable
conposi tion

One potential industrial use of thermoset compositions is electrical apphcatlons and
under hood components such as engine valve covers. Electrical applications typically
require specific dielectrié.properties that are dependent upon the application. Under
hood components preferably exhibit high strength, high ductility and high modulus at -
elevated temperatures. It is also preferred that the dimensions of the molded parts

conform closely to those of the molds used to prepare them.

U.S. Patent No. 6,352,782 to Yeager et al. describes thermoset compositions
comprising poly(aryleneA ether) resins that have been capped with cthylenically
unsaturated .groups. These compositions exhibit desirable properties including high
glass transition temperatures and low coefficients .of thermal expansioﬁ. However,

' these materials are not suitable for all applications.

There remains a need for thermoset compositions that can provide excellent
mechanical properties and application specific properties such as dielectric strength

and high modulus.



conprising a functionalized poly(arylene ether), an olefinically
unsaturated nononer, and a nanofiller. Qher enbodinents,. including a
met hod of WP 2095/0193¢0 a cur abl e conposition, a cured conpREi/U$2008/030890r i Si ng
t he reaction product of the curable conpositi-on, and articles conprising
the cured conposition, are described bel ow. DETAILED DESCRI PTI ON One '

enbodi mentsUNMMA Y IOFINSV EQTR®Si ti on, "conprising a functionalized
poly(arylene ether), an olefinically unsaturated nononer, and a
nanofiller., The curable conposition may further conprise a polyneric
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nanomet er SmRAARE R iR Tizel B A9Icn: 358, i SEATA HekRha hRtng

nanonet er and anamfilleef er ably no |i near di nension greater than about 100 .
nanoneters, still nore preferably no linear dinension greater than. 10
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curing, of the cured " conposition. 'Use of nanofiller may result in

conposi t i 6ARPUsing therpurasheampesisionnare slescripedpelewi es such as a comnbi nation of
hi gh ductility and high nodulus or in conpositions with tailored

dielectri ﬁTﬁEﬁ?Eggﬁﬁﬁ(ﬁ@mOSi“ on conprises a functionalized
er), Ic

pol y(aryl ene et may be a capped poly(arylene ether) or a
ri ng-functionalized poly(aryl ene ether), each of which is defined bel ow.-
The f unct iQneambodingdliy bauydbéneorepdsition, kemphising a fappedalixedyoly(plylene et her) .

A capped oly(arylene ether) is defined herein as a_noly( | ene ether) in
whi ch at F@‘ﬁ t %b%lgfﬂﬂ?az#yei”é’%ﬂtvaﬁ‘g Iné‘ﬁ’é’f“e%%é n%r%@noﬂﬁﬁrf er %}'/yc‘ﬁgblF east
90% yet rBmBodfisi MafRldheRtohfAsta pSlpHeri€¥RItivEDr € preferably at |east 99%
of the free hydroxyl groups present in the -2 WD 2005/019340

PCT/ US2003/ 039894 correspondi ng uncapped pol y(aryl ene ether) have been
f unct i onatNapefllesyis defiped Bereip asa particulatsi filler apterial wherein the nanoparticles

have no linear dimension greater than about 1000 nanometers, preferably no linear
dimension greater than about 500 nanometers; more preferably no linear dimension
greater than about 100 nanometers, still more preferably no linear dimension greater
than 10 nanometers, even more preferably no linear dimension greater than 1
nanometer. Use of nanofillers in the curable composition allows heretofore unknown
manipulation of properties in the curable composition and, after curing, of the cured
composition. Use of nanofiller may result in compositions with improved mechanical
properties such as a combination of high ductility aﬁd high modulus or in-

compositioné with tailored dielectrical strength.

The composition comprises a functionalized poly(arylene ether), which may be a
- capped poly(arylene ether) or a ring-functionalized poly(arylene ether), each of which

is defined below.

The functionalized poly(arylene ether) may be a capped poly(arylene ether). A capped
poly(arylene ether) is defined herein as a poly(arylene ether) in which at least 50%,
preferably at least 75%, more. preferably at least 90%, yet more preferably at least
95%, even more preferably at least 99%, of the free hydroxyl groups present in the
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The capped poly(aryl ene ether) may be represented by the structure .
QJ-K)y wherein Qis the residuumof a nonohydric, dihydric, or polyhydric
phenol , pM 2005819840 t he resi duum of a. nonohydric or di BEUS20eH0SH84, nor e
preferably the residuumof a nonohydric phenol; -y is | to 100; J conprises
repeating structural units having the formula. RI R2 O R3 R4 in wherein
inis | teoatpohdid@Uncipped poiglirylere étBerd BavE bodf GuncRnaized Bd raatBorednh

i ndependent!|y hal ogen, primary or secondary Cl-Cl2 al kyl, C2-Cl12 al kenyl,
C2-Cl2 alK9PRINEagNL.C12 ami noal kyl, C1-C12 hydroxyal kyl, phenyl, Cl:-Cl12

hal oal kyl , C1-Cl2 hydrocarbonoxy, C2-Cl2 hal ohydrocarbonoxy wherein at

| east two AL BBy t n atons,, or the

li ke, R gﬁgc%ﬂg?g eacﬁﬁﬁﬁg’ggeﬁaaé%eeégﬂgﬁbﬁg,S@l?%lﬁggen, ‘primry or
secondary Cl-Cl12 al kyl, C2-Cl12 al kenyl, C2-Cl12 al kynyl, C1-C12'

ami noal kyl, C1-C12 hydroxyal kyl, phedytK),C1- C12 hal oal kyl, Cl-C12'

hydr ocar bonoxy, - C2- C12 hal ohydr ocar bonoxy wherein at | east two carbon atons

seperate WIERRIoR AU BNAR At Al & PR sy

oy bo 3 W, 2005] 010340 Pt Loan0s aastn e RaC e o eaesigambong & orP
may be [ ( : ; A

RS R13 R1Z0MQnYqric-Phenet v ifn'efi P0;Rscompreses eapratingstructusal wnits having thre- R ar e
each i ndegsmdgnt | y - , :

wherein m is 1 to about 200, preferably 2 to about 200; R? and R* are each
independently halogen, primary or secondary Ci-Cy2 alkyl, C,-Cy, alkenyl, C,-Ci,
alkynyl, C;-C;z aminoalkyl, C;-Ci; hydroxyalkyl, phenyl, C,-C); haloalkyl; Ci-Ci2
~ hydrocarbonoxy, C,-C;, halohydrocarbonoxy wherein at least two céfbon atoms
séparate the halogen and oxygen atoms, or the like; R' and R’ are each independently
hydrogen, halogen, primary or secondary Ci-Ciz a]kyl, C,-Cy; alkenyl, C>-C)2 alkynyl,
Ci-Ci2° aminoalkyl, C;-C;; hydroxy_alkyl, phenyl, C,-C;; haloalkyl, C,-Cjy
_hydrocarbonoxy, C,-Cj; halohydrocarbonoxy wherein at least two carbon atomé
separate the halogen and oxygen atoms, or the like; and K is a capping group
produced by reaction of a phenolic hydroxyl group on the poly(arylene ether) with a’
. capping reagent. The resulting capping group may be '



hydr ogen, Cl-Cl12 al kyl, C2-Cl12 al kenyl, C6-Cl8 aryl, Cr7-Cl18

al kyl -substituted aryl, C7-Cl8 aryl-substituted al kyl, C2-C12

al koxycar B&h3005/019340C18 ar yl oxycar bonyl, C7-Cl18 al kyl - s Ul i$2043¢6039894

aryl oxycarbonyl, C7-C 18 aryl-substituted al koxycarbonyl, nitrile, fornyl,
carboxylate, inidate, thiocarboxylate, or the like; R9-R13 are each ‘

i ndependent|y hydrogen, hal ogen, Cl-Cl2 alkyl, hydrg«y, ampmo, or the |ike;
and wherein Y is a dival has . R4 1 I S O(li) or the
Cl-C12 al kyl, or
, |nclud|ng

adi cats—o1 RG H#R'RR2 x O
\RAR3 n wherein R -R4 ane each 3 #l ogen, primary or
secondary Cl-Cl12 al kyl, 1-Cl2 al kenyl, C-C12 al kynyt5—Cl - C12 ami noal kyl ,
Cl - C12 hydroxyal kyl, phe -&|-012 al oal kyl, Cl-Ck2 amval kyl, C-C12
hydr ocar bonoxy, a-cl12 4 MD 2005/ 019340 PCT/ US2003K039894R

hal ohydr ocar bonoxy wherein at |east two carbon atons separate the hal ogen

and  oxygen ttel [k, widreinhR® is £:C\Xalkg), drethb)ike0 RER® 47é-dadi? ilefsotidentp- C18'
aryl, Cr-C1 alﬁyl-substltuted aryl, C7-Cl18 aryl -substituted aIkyI' or any
1

of the foP¥deesy CinGurdkus orCigrabkeyl, onCesi MyhgCat e alkylsubsittuted 87l t uent

h \ | k X
SPeh a5 CRRKAN bR fed RN 6ROl .00 P RahppCyIcle | ke
group havakgyl- albmllueadcarsdéxﬁaxbongjr e@i-€ETs hql-rsebstllmted rnlkop@carbmyl blnrmleor h| gher

pol yphenol rinyY r%oxyl% ee o QteI nﬂe&gl%%gyt! or teaﬂ Ig"%' are each

independently hydrogen, halogen, C,-C,, alkyl, hydroxy, amino, or the like; and

t he I|ke 1n one enbodi - is thelresi duum of a

pol yf unct i-onay_phenol s,

wherein Y is a divalent group such as -
jrui jvnjﬁ jLujr %

or the like, wherein R"™ and R'? are each i'ndependently hydrogen, C;-C,;, alkyl, or the .
like. '
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In one _embodimeﬁt, Q is the residuum of a phenol, including polyfunctional phenols,

and includes radicals of the structure

wherein R'-R* are each independently hydrogen, halogen, primary or secondary

C,-C)3 alkyl, Cy-Cy; alkenyl, C,-C; alkynyl, C,-C,, aminoalkyl, C;-C,; hydroxyalkyl,

phenyl, C;-C;> haloalkyl, C-Ci; aminoalkyl, C,-C,;; hydrocarbonoxy, C,-C;,
4



preferably 1 to 3, and nore preferably about | to 2; in a preferred
enbodi nent, y=n. Q may al so be the resi duum of a di phenol, such as
2,2',6, 6' MEI00308840y| - 4, 4' - di phenol . | n one enbodi nent ,PATES206sPL8Y4 -
poly(arylene ether) is produced by capping a . poly(arylene ether)
consisting essentially of the polynerization product of at |east one

nonohydr i Halﬂ?}?%ﬂarﬂbﬂ&ﬁé*‘gvﬂg%n%rle&tt We Etbdie atofhs¥pafde gxe“'ﬂﬁﬁgnnarﬁ -R4 are

each i ndepe ntly hy en, halogen, primary or. Secondary .1 -C 12
al kyl , C2oxygen agdmsw oyl the GikeC Xl Mayl by hydrogen, 1C16C i 2lkyli Redlikptyl, C-CiC 12

hydr oxyal . I 1-C12 hal gal kyl | - CL2 hydrocapbgono - Cl12

hal ohydr o@é lbsgﬁ%{%t}@@xmﬂ‘é‘/%eicg £ Ia9§§P§¥“}ge§a?l§%]h %{%/c?ﬁg géptgFafoée%Qﬁé hal ogen
and oxygehydrbcfion gfoubfecontaising Sulehsabde ERGEAY bichphe RatbexyIRc heide t hose
described in U S. Patent No. 3,306,875 to Hay, and hi ghlty preferred .
monohydr i dldedadieohohamine radiealsy orherikep Xealist manbe sufus, wilfopylnatiylohenol .

The pol y( n f. t,.k - ric
phenol s, gid)cgﬁﬁ’agr %?@%%@K‘ﬁ%ﬁ%@%ﬁ%ﬁ g?l P‘faeﬁ ?#rg?(ﬁﬁr %%%ngrgaﬁﬁxg

pr ef er r edvaivine disreorthighen potyphpeals;pphyd arart each midemniierthynpte absutall0] east one
cappin ro avi,ng the structure 5 WO 2005/.019340 PCT/ US2003/039894 O ||
o R RIEIE P . RS RS PEIAE St B BT Ry SERRIREIL RS al Kyl
C2- C 12 abkfiyilso BSthe rdsikiundd ¥f a diphedel,&uch & K¥1 6,8 URShinkiHyRd 43diphendt/ - C18

aryl -substituted al kyl, C2-Cl2 al koxycarbonyl’,” C7- C18 aryl oxycar bonyl ,

C7-C18 al kyl -substituted aryl oxycarbonyl, .C7-Cl18- aryl-substituted
al koxycar Bope  embadimprt, thereapped psbberxienatdher) i dueducedt by eppipgxd| at e, or

the |ike. ol QR 1hPafdrPESRbHGERNAT1Y FHRS pbifileHISiAPrSaE Sf at least one

monohydric phenol having the structure

R! R?

R} R*

wherein R'-R* are each independently hydrogen, halogen, primary or secondary
C,-Cy2 alkyl, C,-C,; alkenyl, C,-C,; alkynyl, C,-C;; aminoalkyi, C;-C,; hydroxyalkyl,
phenyl, C.-C,z haloalkyl, C,-C), hydrocarbonoxy, C,-Ci; halohydrocarbonoxy
wherein at least two carbon atoms separate the halogen and oxygen atoms, or the like.
Suitable monohydric phenols include those described in U:S. Patent No. 3,306,875. to
Hay, and highly preferred monohydric phenols include 2,6-dimethylphenol and
2,3,6-trimethylphenol. The poly(arylene ether) may be a copolymer of at least two
monohydric phenols, such as 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



(R6=R7=R8=hydr ogen) and net hacryl ate (R6=nethyl, R7=R8=hydrogen). In

anot her preferred enbodi nent, the capped pbly(aryl ene ether) conprises at

| east . SHR2WFPEBHY group having the structure O Il 5 @GIRISHNEVSPINMRS is
Cl-C12 al kyl, preferably C-C6 al kyl, nore preferably methyl, ethyl, or

i sopropyl. The present inventors have surprisingly found that the

advant ageous properties can be aghieved even when the capped pol y(aryl ene
ether) l-acks a pol ynerizabl e fungtgon h ay a carbon-carbon doubl e bond.
I'n yet anot her preferred enbodi cappey poly(aryl ene ether)
conprises at |east one cappin aving the structure 6 WD 2005/019340
PCT/ US2003/ 039894 ‘R9 R10 OR't . Rt3 Rig wherein RO-R 3 are
each i ndependent!|y hydrogen, haliogen, - Cl2 _allkyl, hydroxy, am no, or the
| i ke.- Preferred cappi ng groups pe ™ntlude salicylate

(R9=hydroxy, R -R 3=hydrogen). anot/her preferred enbodi nent, the
capped poly(aryl ene ether) conprises R lea one cappi ng group having the

structure O OIll 1l CACOHwierein Ais a saturated or unsaturated C2-C12
di val ent drgocarbon. group such as, for exanple, ethylene, 8ropytene
1, 3- pr Opyl emjl n%tqr9|eacjl @dmﬂg;}tgﬁydrogen Ci-Ci2 alf(yl C2—C12 alkenyl C6-

~aryl, C;-Cys - alkyl-substituted aryl, C;-Cis aryl-substituted alkyl, Cj-Ci;
alkoxycarbonyl, C;-C;s aryloxycarbonyl, C;-C)g alkyl-substituted aryloxycarbonyl,
Cs-Cis aryl—substituted- alkoxycarbonyt, nitrile, formyl, ca'rboxylaté, imidate,
thiocarboxylate, or the like. Highly preferred capping groups include acrylate
(R6=R7=R8=,-;hydrogen') and methacrylate (Rﬁmethyl, R7=R8=hydrogen).

In another preferred embodlment _the capped poly(arylene ether) comprises at least .

one capping group having the structure

(OB

C——r’

wherein R’ is C;-C,z alkyl, preferably C,-Cg alkyl, more preferably methyl ethyl or
isopropyl.

The present inventors have surprisingly found that the advantageous properties can be’
achieved even when the capped poly(arylene ether) -lacks a polymerizable function

such as a carbon-carbon double bond.

* In yet another preferred embodiment, the capped poly(arylene ether) comprises at least

one capping group havmg the structure



2,2-dinmethyl -1, 3-propyl ene, 1,2-butylene, 1,3-butylene, 1,4-butylene,
2-nmethyl- | ,4-butylene, 2,2-dinethyl-1,4-butylene, 2,3-dinethyl- |

, 4- but y| erYé0 2005/033#@ne (- CH=CH- ), 1, 2-phenyl ene, and t hePCT/K82003M888% capped
poly(aryl ene ether) resins may conveniently be prepared, for exanple, by
reaction of an uncapped. poly(arylene ether) with' a cyclic anhydride
cappi ng agent. Such cyclic anhydr}de capping agen{s include, for exanple,
mal ei ¢ anhydri de, succinic anhyd |de,Rqutar| 10 anhydri de, adipic
anhydri de, phthalic anhydride, gnd the Ilke ere i\s no particul ar
limtation on the nmethod by whi |l ene ether) is
prepared. The capped poly(aryl d by the reaction of
an uncapped pol y(aryl ene et her Cappi ng agents

i nclude conpounds known in th i th phenolic groups.
Such conpounds 7 WD 2005/ 01934p PCT/ US003//039894 jncl ude both nonomers
and pol yners containing, for exanple, \ aci chl orirde, epoxy,
carbonate, ester, isocyanate, cy@nate_fster, Yorj,al kyl halide radicals.
Cappi ng agents are not limted t org%nlc conﬁound ~as, for exanple,
phosphorus and sul fur based capping agents also are included. Exanples of
cappi ng agents |nclude for exanple, acetic anhydride, succinic anhydride,

mal ei ¢ an h\yhkrremeR B amyéaoh mdepvyndenttyehqugepeskmbgen C@nﬁrizl slkylg hyddoxgy| at e
units, homp olyest rs,. c acid, acrylic. anhydri thacrylic
anhydri de, i tﬁy‘}%l ?/I a %‘T({/&Pﬂg}{lg nEPHRC 'g‘fs Wﬁé H@?‘Sﬁe g‘l%‘lafede
benzoyl . C(f[ld99]iydﬂ@xy,ﬂl(bk@&}ﬁ d@gé fonates such as di (4 ni trophenyl ) car bonat e,

acryl oyl esters, methacryl oyl esters, acetyl esters, phenylisocyanate,
3-i sopropenyl - alpha al pha- dlnethylphenyllso%%anate cyanatobenzene

2, 2- bi s( 4-Rysilbangthes Rretesicd ;fézﬂé’fhmgﬁ( pelytareens, ther)yqommsises at
4 (al pha-y gﬁﬁﬁgé@?%&gﬁ rﬁé ultg:rom de, and the like, -carbonate and
eri er &b

substl tuted m Xtures thereof. These and ot her
met hods of form ng capped poly(arylene ether)s are described, for exanple,
in US Patent Nos. 3,375,228 to Fﬁloch et 148, 843 to Gbossens

4 562, 243, 4,663, 402, 4,665,137, jJang 5, 091, tO Percec et al.

5,071, 922, 5,079, 268, 5, 304, 600 ang 5, 310, 20 to | i ssen et aI :
5,338,796 to Vianello et al. ropéamPatrefMH 261,574 B 1 to Peters
et al.

wherein A is a saturated or unsatu_ratcd Cz-Ci divalent hydrocarbon. group. such as,
for example, -ethylene, l,é-propy1¢ne, 1,3-propylene, 2-methyl-1,3-propylene,
2,2-dimethyl-1,3-propylene, 1,2-butylene, 1,3-butylene, 1 ,4-bufylene,
2-methyl-1 ,4—butylene,  2,2-dimethyl-1,4-butylene, 2,3;dimethyl-1 ~,4;butylene,
vinylene (-CH=CH-), 1,2-phenylene, and the like. These capped poly(arylene ether)
resins may conveniently be prepared, for example, by reaction of an uncapped.
poly(arylene ether) with a cyclic anhydride capping ageﬁt. Such cyclic anhydride
' capping agénts include, for example, maleic anhydride, succinic anhydride, glutaric

anhydride, adipic anhydride, phthalic anhydride, and the like.

There is no particular limitation on the method by which the capped poly(arylene
ether) is prepared. The capped poly(arylene ether) may be formed by the reaction of
an uncapped poly(arylene ether) with a capping agent. Capping agents include

cdmpounds known in the literature to react with phenolic groups. Such compounds



In a preferred enbodi nent, the capped poly(arylene ether) may be prepared
by reaction of an uncapped poly(arylene ether) with an anhydride in an

al kenyl aMéh#0$/81934pbnoner as' solvent. This approach hasPames2eapiastoage of
generating the capped poly(arylene ether) in a formthat can be

| medi ately bl ended with other conponents to. forma curable conposition;
usi ng thi Sndredd®dth Mwnohfeed ahd OpblphersheortaRRgd fod ekathAEY hemRiridehasid or
removal of unwanted sol vents or reagents is required. A mpl ng catal yst
may be emShisyids sRPX¥herPnale: ssisrobosangaceyspalg osish.yqraalkyldmdide sadieals. wi tﬂ an
anhydri de. I h Inel : rt that
ar eycapablcealgg?@c%gtggf glfze i ‘ﬁ’gﬁg‘éﬁggﬁ g%ﬂﬂ%ncloo Og%gnatg’lhfsa§ gm"%’%ﬁ%é‘t"%’é%gﬁﬁ&aagem S
descri bed sabfoveased/sgfping agents alad areaineludedi Exampipo of\ dppingChgetisrigeluder

exanpl e, Ssic ¢ ound hydr,oxi de sal.ts such as sodi um hydroxi de,. :
pot ggsi um Ry B8RP gf) aceP%tarré’ile@q’aﬁffﬁm‘%rﬁnﬁy%l‘%i’6‘%‘§‘,C ARRydrds. spYlictertiary

al kyl am nggh , PSlybdtd isfiy &8 | & ' el iQARZAM ne, .
di mgt hyl but y aﬁéﬂg&%ﬁhﬂ(@?g)ﬁ}%n@g{@ %hglrc {l}fal;er gﬁl%bgggagﬁﬁrg?f ;}I\é g%&nes and }
subst i t ut @arydieranhsidiide smethariglid ashiedidgs gl%ldﬁbazt}%@‘,ogw@d?l ﬁ@nﬂauszzagm/ 039893
N, N- di et I line:.  het lic,qamnes such as i mgdazol es, ridines, an
substi t ut gléétggri \9@?{‘3‘23 ﬁ?}%?é@f s‘i@?‘umgeg 2-WREFAY i nfHAA €, sueH . a.s o
2- vi nyl i mdi(dzgtrephenghdatbortd)y heryloyd) pitérs di Methadkylodt Pster®| iadeyPYéstedd,ne,

4- (1- pi peridi ,o)gyri dine, 2-vinylpyridine, 3-vinylpyridine, _

4-vi nyl py thG‘P)H?é? YaR#et he | i ke. AriseproBeniriphp.alpherdynetbriehenylisecyanaie,s suc hf
as, for e 0 and_1Ziac ' cat € 1sat i on- of |
for exanp| BoRibenbal PO SR b E M) B Glpb Sl BiigRAE! | 07 O
or ganonet d(@inhashloaremetbpbstyrene, allyl bramiger ahdathe likeovanbdnatet dmel substiturednuner ous

ublications. and patents el |l known t hose, skilled in is art. The

1I‘O unct i ona%-ilggg wﬁ%ﬁweé)? ngﬁglx&rﬁse&freﬂt& hgse angd ?'ﬁ@r-'?‘ edy %ftrfa]r’f%&a??eg .

pol y(aryl gab/(argleherether)d drk nidsérited]! feNalangél iROUY FHa¥dn® NosE BINEB 228 St0def | ned
herein as _a paly(arylene ether) conprising repeati ng structural units of

the for nulEplpch ét akby 5,143,843 L%G®$)EGIEA4M§42€3M,@@@492L4,6 3,133, anddddfdOnt | y
hydrogen, (aibeflek &%l.; 9109¥R22.05,0361288 K54 66, QHE'5,310,820 to Nelissen et al.; -

5,338,796 to Vianello et al.‘; and European Patent No. 261,574 B1 to Peters et al.

In a preferred émbodiment, the capped poly(arylene ether) may be preparéd by
reaction of an uncapped poly(arylene etherj with an anhydride in an alkeny] aromatic -
monomer as solvent. This approach hés the advantage of generating the capped
poly(arylene ether) in a form that can be ifnmédiately blended with other components
to .form a curable composition; using this method, no isolation of the capped

poly(arylene ether) or removal of unwanted solvents or reagents is required.

A capping catalysf may be employed iﬁ the reaction of an uncapped poly(arylene
_ cther) with an anhydride. Examples of such compounds include those known to the
art that are capable of catalyzing condensation of phenols with the capping agents
described abo;'e. Useful materials are basic compounds including, for example, basic
compound hydroxide salts such as sodium hydroxide, potassium hydroxide,
tetraalkylammonium hydroxides, and the like; tertiary alkylamines such as tributyl
amine, triethylamine, dimethylbenzylamine, dimethylbutylamine and the like; tertiary

mixed alkyl-arylamines and substituted derivatives thereof such as

8



wherein the al kenyl group is represented by L5 -4CH2\ ¢ al 6 L~ L
wherein L5-L7 are independently hydrogen or nmethyl, and a is an integer
from1 t oW 200684 n the al kynyl group is represented RCTAGBINIBIC L8 b
9 WD 2005/019340 PCT/ US2003/ 039894 wherein L8 is hydrogen, nethyl, or
ethyl, and b is an integer from1 to 4; and wherein about 0.02 ol e

percent t ON,dbdintetiBfanikies hetéﬁﬁ?éthfarﬁlh@s tcRl ad' mbidazOVRS thyridaRE S dnd t he
ri ng-functi onall ed pol y(ar ether) are al kenyl and/or al kynyl groups.

ene

W t hi n t hiSubstitufgd e destyatiygs, é@ s efsieh eds t Smshpdimidazole s 2-vindimidazole, nol e
per cent, l e lﬁpﬁ |l e and/ or
al kynyl g;ng(lrjdglgahﬁfaﬁﬁﬁ%% (ﬁhe gs(? gem’oﬁ)yﬁ Qig belqg1 ‘%"%dé‘zé)F g&ﬁg\ie up to
about 15 revieylpwridieat 3- \fmylpyrmmé e4-ablypyidiep amdothe [ike. nalse pefidemt,

al kenyl and/or_a nyl. group The ripg-functi.onalized pol y(aryl ene ether)
may Do pr SBEPREIA Rl oD Gk ORI HEE F5Y S, tosgatalves te

unf unct i onahdensstidoby,( ﬁfryéﬁﬂﬁ)leeh@@éyhnéh'é: Ror aaRRL Yelstrsd wifdl gﬁén'a}é' - The

, 4- phenyl ene et her) ?/ be netalizéd with a’reagent such but yl
it hi um arfEgesgms rfalty ysefudt imd thib tiegand atek &ngwn htal thie aguith nameedusy |

mechods A CRrescr SR WOkhOh S RAMORINRER, (aryl ene ether) resine

are descri bed for exanple, in U S Patent No. 4,923,932 to Katayose et

al. It wi |1rhebﬁmun@tmlmcqudl)t(mtene thqtrplmz()abyl * higgdhitionslizde sgoly@sdedser ei n as
f |
h;c::ﬁgp? ﬂé:tl}e{})r nﬁrlgnégx%tzlgc?% 1ze<§ pgly@%cr)lgger Ie gr) r1se %gfa rtxeldnherglg rag %t #Jl)?(ary er:liet S

- ether) comprising repeating structural units of the formula

— e

L,. CH,—L'

L’ CH,—L*

wherein each L'-L* is mdependently hydrogen, an alkenyl group, or an alkynyl group;

wherein the alkenyl group is represented by

_ wherein L>-L7 are independently hydrogen or methyl, and a is an integer from 1 to 4;

wherein the alkynyl group is represented by

—(CH2>—C_:_C—L8
b



wherein for each structural unit, each Z' is independently hydrogen,

hal ogen, primary or secondary Cl-Cl2 al kyl, Cl1-Cl2 am noal kyl, Cl-C12

hydr oxyal KXQ 2005A¥340 | C1-C12 hal oal kyl, Cl-C12 hydr ocarRQimdse03/03989€1 2

hal ohydr ocar bonoxy wherein at | east two carbon atons separate the hal ogen
and oxygen atons, or the like; and each Z2 is independently hal ogen,
primary Owhsmﬁnﬂﬁrwdﬁigeﬁghaem&kbk ethGll akhd B a8 eetek fom Clo 4;54d whesbioxyal Kyl ,
phenyl, Cl-Cl2 hal oal kyl, C1-Cl2 hydrocarbonoxy, Cl-C12 10 WO 2005/ 019340
PCTI US2003P0% §d34mols petsptiiogbapbbhmwele W&pﬂthattotalefasL subgfiteentoivrihait ons
separate P ch Z' is
Cia ar ky! MO IARAOAAGG I GKAE B Rh AR iyl oty RSS! Wbt oS

| i m tati omanges, it mayrbelprefetrad tovkaght least abutut Drismolevtieseens inhgre ieférbldy at

functionali ze o) aryl ene et nbodi t, the conposition may
conpri se «ilafltf’rdl?é’ﬁ %ﬁ&‘?qlggﬁcﬁ‘gi ?‘P )é|ag‘l%(8r &?W@ﬁﬁfﬂ&’éﬁ@m ‘H‘tﬂ‘ﬂﬁlb‘éfa"%’éf age

- ol ecul akpay \b@sﬂm MRpe erably
up to abouta1 nwtf&nvg?gq%ra %Qletﬁgg?iﬁ(g? ct? I(1)t ab oﬁer%%ég%&hfﬁmmsﬁih a

functi onamoi@plermﬂtﬂlenwl anvkor adkymel gronpsy be useful in preparing and
processing the conp05|t|on by reducing its V|5005|ty In anot her

enbodi nen t, e n 0 ene .

et her) haglhﬁg r| h%ﬁ%&é%i@ﬁ%{?{“ﬁ m%gl# é;e(ﬁ)gl%? AC% B)y%gg%lém liters
per gram n(etﬂddg) qur efaarpddy| gn abmmtuﬁxalhi’ed pol&(wjdéneﬂeﬁl@r)dddcg aspolw26r ef er abl y
about 0. 1 as rreasur ed.in_chloroformat 25C.

Gener al | y %Ph?ﬁ}’l@evﬁg‘é%s‘?‘ﬂ/ bt mgtaligeth ity Aareget ey catPrhe et her)

will vary 1¢Hi§xh%ufsh83%qhéxmyf fefifed %h'a'ﬂtarllkéﬁ? Hanﬂe%%eﬁ bd Y11yl %) oﬁlfa% and/or
correspondl nﬁ( unfunctional’i zed poly(aryl ehe ether) SpeC| frl cally, th

intrinsicang ﬂ§1aﬂlsle éﬁcmanRIﬂB&l’gﬁrlHOmmd T g'r(cmtiwlemethedmﬁr ))repaﬂatlogener ally

be within: nf u onal ize ne .eth These
intrinsic \%?ﬁé 0811 ?)géhzr?%potl)ztg D856 e(ﬁ SPPP XY %ﬁ%&lbgé’a%’yﬁﬁ Pl 1 eg%ag

mol ecul ar Paeh(iNo.s4,943, Mthﬁa}Q)@@etteﬂl about 25, 000 AI\/U Wth| n this range, a
nunber average nol ecul ar wei ght of at | east about 8,000 AMJ may be

preferred, a a nunber . gverage nol ecul ar wej ght of at | east about 10, 000
AMU may b& w@f!ée b?i’@r%??% at meswho(mfﬁnﬁ ethsr)s desgithed hereiy apeyncapped” o

“unfunctionalized” comprise repeating structural units having the formula

- wherein for each structural unit, each Z' is independently hydrogen, halogen, primary -
or secondary C.-C;é alkyl, C|-C;, aminoalkyl, Ci-C,, hydroxyalkyl, phenyl, C,-C,
haloalkyl, C,-C,; hydrocarbonoxy, C;-C,, halohydrocarbonoxy wherein at least two
carbon atoms separate the halogen and oxygen afoms, or the like; and each Z? is
independently halogen, primary or secondary C-C; alkyl, C,-C,; aminoalkyl, C,-C;,
hydroxyalkyl, phenyl, C,;-C;» haloalkyl, C;-C); hydrocarbonoxy, C;-Cj,
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average nol ecul ar wei ght up to about 20,000 AMJU may be preferred. Such a
functionalized pol y(aryl ene ether) nmay provide the conposition with a

desi r abl ew%%ﬂoé}a@é“%f t oughness and processability. |t iRCTARIOEHSPI4
contenpl ated to enploy blends of at |east two functionalized poly(aryl ene
ether)s having different nolecular. weights and intrinsic viscosities. In
a pref err dulehydndarbendxy whereininetiéa3nawb zaebdpohtpm3r ebaar tkNelldgenSand
substantially free of ag}(naﬁs bstituents, includi ng alhrl%g amno and

di al kyl am FIBENHEMS: Udhe Lke- Rreteasbly, eacihdi ity and sach Hp bydmegen ehe.

functi onal h&ga pol y(aryl ene ether) contains less than 11 WD 2005/:019340
PCT/ US2003/ 039894 about 300 m crograns, preferably |ess than about 100
m crograms, of atomc nitrogen per gramof functionalized poly(arylene
et her).. A'thesuighnaparticyat iimsateneeme thet helepalar weightgnintrsiczescdsity pf teesses

that resulgd. i i ncEr i f am no subst.ituents, the .present .

i nventors fi{g%/te%n%g%erﬁid pﬁﬁ'é{)&{eﬁéer ; egg't ilrbr(?"ﬁge gf"i‘é‘leaﬁeﬁ\en‘é?'@%%s g’I\Mﬁ%"ﬁ' t he
functi onaldoagispal fnetivhLized Poliginylché eBeps h@\ﬂh%%' himber &fefdice ANG18Sular
substituents., - Poly(arylene ether)s substantially free of am no

subst i t uentdshigyp kbagih QOO0 Ademicampsscunits GMYbrsefsrably wiy toabaut 155000

am no- suBSt it Ly epe et her t '

Al ternatively, n?(?re{iaﬂe %g%lélf%n%tﬁ]gg’gbgé I@Eﬁérsy‘#z’ﬁazﬁé‘f ﬁ%‘%ﬂ&%%g@ga slenaem' no
subst i t uerether) imaynipe ubsduldins prepiniins and Erocesdidge thzocqaaisitionrbyatedacingniper at ur e

| ess than _.about 200C. The conposition may conprise a blend of at fteast two

functi onal {'¥&¥ 3bo| y(arylene ethers). Such blends may be prepar ed from
i ndi vidually prepared and isolated functionalized poly(arylene ethers).

Al t er nat i Valayothetielbbdiareds tmyorb@smmaayadorhyriser@ﬁ@&ﬂi&ﬁli%@p&%@lene
pol y(aryl ene e%he,r) with at | east two functionali zi ngp agents.  For. exanpl e,

a pol y( ar yAthesk hayipg an iplipsiseviseostty off ahpwth0-Pfido ehewi ha0 deeilitess per gram
| vl t tal.i : ' d
Pkt at | ngUE g HElelat T AE 0T E 5o DAL SR robdradly AU AL MBHCD

pol y(aryl en2s. dLigeds) messaiedsinrchiorofomrae 26t@d Gentrllp thé Rakssié WizedsigsHa zi ng

agent. The, copposition may conprise the functionalized poly(arylene ether)
in an anoJHPCtt?PallwrﬂﬁlY@W?(@eéﬁzmwrll Yasy insegnifigotly fiomstheyntyiasig yiscpsity 100

parts by vgighiok&pshdidk uhhﬁxctionalized poly(arylene ether). Specifically, the intrinsic
viscosity of a functionalized poly(arylene ether) will generally be within 10% of that
of the’ upfunctionalized pd]y(ary}ene ether). These intrinsic viscosities may
correspond approximately to numbef average molecular weights of about 5,000 to
about 25,000 AMU. Within this range, a number average molecular weight of at least
about 8,000 AMU may be preferred, and a number average molecular weight of at
least about 10,000 AMU may be more preferred. Also within this range, a number
average molecular weight up to about 20,000 AMU may be preferréd. Such a
functionalized poly(arylene ether) may provide the conﬁposition wi‘th. a desirable
“balance of 'toughness and processability. It is expressly contemplated to. employ

blends of at least two funqtionalized poly(arylene ether)s having different molecular

weights and intrinsic viscosities.

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

substantially free means that the functionalized poly(arylene ether) contains less than
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functionalized poly(arylene ether) and the ol efinically unsaturated
nmononmer. Wthin this range, it may be preferred to use a functionalized
pol y(aryl| 22088/A840 anpunt of at |east about 10 parts BCHES208/0398%r e
preferably at |east about 20 parts by weight, still nore preferably at -
| east about 30 parts by weight. Also. within this range, it may be

preferred dbouti3e) midrugtam'smrafeia?t)eﬁlbelp@ih}m awdtage nﬁ&ﬂ@gfa)nsaamtgﬁmidlfitruibnt o about
80 parts by weight, nore. preferably up to about 70 parts by wei ght, yet
or b pr of Rt TpPtoRBIATE Tl (§aide HherheAdPEhORARY PADIEBPMecHBATD 5 up

to about 5{cRAthSiRY bYrédthses TR &ML T iPQ&PBféEiBﬁ' BF arn b RSen®) the
Such ef [

ol efinically unsaturafed nononer. 0 nical |y unsaturated nononers
i ncl ude, fRresesk anysintors thawe downb that theroreet cwrgpoddst arenimectesedr whadthien U. S.
Pat ent Nunper,.6, 352, 782 10 Yeager .et al . Preferred 2 WD 200Q05/.019340
e/ Us20050 0o, P BIche T B is B et g ier o | HERBS R RERG
aromat i ¢ - nPsIp@EBIene BiEd)s |sABstantPONFES S ahihy | JuBstREREBAS; b NYntREsitddr €S

t hereof. Generally, the amount .of the olefinically unsaturafed nononer

will be ab@tRetlyori gsnsring by depting smisip-subsiitted prly@tylensnethols praet &aty wei ght
| of i opalize I ene,. nd ..ol efinicall
Unsat ur at oub 0%, ARwaST P SRR LS R B s e STl e an

al kenyl ar sulbBtituents[0i0 oM be ddsivablel s &yd tha QMBIdsRioRTA QMR peRYurb 348 thdhe
structure R1I6 || R17 HCI1 q 2-P. wherein each R16 is independently

hydrogen, aputA80°6l kyl, C2-Cl12 al kenyl, C2-Cl12 al kynyl, ©6-Cl8 aryl, or
the like; -each R 7 is independently hydrogen, halogen, Cl-Cl2 al kyl,

Cl-Cl12 al kpyy ~18 y. r | ke; l.Ss.| to 4. and i to 5. The
sum of: p andk?qm%“ﬁn 51% : ,o mf?isgfa%g?’l%g?%fe%ﬁétptyﬂ h&n %"‘!a"’?‘ﬁ%%??lyéﬂg?%&t I C
mononer i setha@s)redSueh blondy vgt bo padpasddk Gow imlividailiyc preparRdn®id isolusd p=2- 4,
t he al kenyilu ar.on?ticf - ' i ) .
nctionalized poly(arylene ethers). Alternatively, such blends may be prepared by -
reacting a single poly(arylene ether) with at least two functionalizing agents. For
example, a poly(arylene ether) may be reacted with two capping agents, or a
poly(arylenei ether) may be metalized and reacted with two unsaturated alkylating
agents. In another alternative, a mixture of at least two poly(arylene ether) resins may

be reacted with a single functionalizing agent.

The composition may comprise the functionalized poly(arylene ether) in an amount of
comprising about 1 to about 90 parts by weight per 100 parts by weight total of the
functionalized poiy(arylene ether) and the olefinically unsaturated monomer. Within
this rahge, it may be preferred to use a functionalized poly(arylene ether) amount of at
least about 10 parts by weight, more preferably at least about 20 parts by weight, still
more preferably at least about 30 parts by weight. Also within this range, it may be

. preferred to use a functionalized poly(arylene ether) arﬁount of up to about 80 parts by
weight, more preferably up to about 70 parts by weight, yet more preferably up to
about 60 parts by weight, still more preferably up to about 50 parts by weight.

The composition further comprises an olefinically unsaturated monomer. Such
olefinically unsaturated monomers include, for example, the curable monomer

compositions described in U.S. Patent Number 6,352,782 to Yeager et al. Preferred

12



mononer is terned a pol yfunctional al kenyl aromatic nononer. Suitable

al kenyl aromatic nononers include styrene, al pha-nethylstyrene,

al pha- et KNG 2005/819840 al pha- i sopropyl styrene, al pha-t ertrcGrys2besiosbsost yr ene,
al pha- phenyl styrene, and the |like; hal ogenated styrenes such as

chl orostyrene, dichlorostyrene, trichlorostyrene, bronostyrene,

di br onost Wi &@ioalll " iRERIRSA YhEitinert | HONAS tAKRYE ardhhdtlcU BIcAS ke Neryloyl
trifluorostyrene, tetrafluorostyrene, pentafluorostyrene, and the ike;
hal ogenat @abnogieryy |adlylie anpnomens randsmixtires dhesedfy | Generallye theaaiounteof thke;

al koxystyr oxyst yr.ane { tyrene,. and t.h i K

pol yf unct iog%ﬁcazly%g%y raiée?grxt%gqc)lr%er vfyrlli@lg%r%ro gt Qﬁﬁa%gﬁt fﬂ]%drg,l |W§/‘F€teh-%s§§e,

1, 3- di vi nynbetx grags by, 4ve¢gmitmdlb@mmenﬁmctibmdmmxﬂot}@m&ﬂes@mer? and the

1, 3-dii sopropenyl benzene, 1, 4-diisopropenyl benzene, and the |ike; and

m xtures & Gatly ygsatyrated 2qnogieE of t he foregoing al kenyl aromatic
mononmers. In the foregoing substituted styrenes for which no substituent
position i NEGHiEd i  OE ‘ it on on
Phe. ar omats Al B RO R TRA05] Hnd ombaF sRASRELOY )
aromat i ¢ ridmetkenyl drerobticimosemennay halephastnetury | st yrene, 2- net hyl st yr ene,
3-net hyl styrene, 4-nethylstyrene, 2-t-butylstyrene, 3-t-butylstyrene, 4-
t-butyl styrene, 1,3-divinyl bgnzene,, 1, 4-divinyl benzene,

1, 3-di i sopropenyl benzene, , 4- di,ieQpr openyl benzene, and the |ike, and

m xtures conprising at | east one he regoi ng al kenyl aromatic
mononers. Preferred al kenyl[ aromadi c|nofforrers [{ur tfher, \ .i ncl ude styrenes

having from1 to 5 hal ogen {substifueptrsjon t tijc ring; and m xtures
conprising at |east one such hal L§§%ﬁ%9Le. Al kéflyl aromati c nononers

are comrercially avail abl e ShCnungr ous ces. They may al so be
prepared by nethods known in the artP \Wen the ol efinically unsaturated
nononer. -conpri ses an al kenyl aromatic nononer, it preferably nmay be used

in an andWier&h aPRt'e 10 ixidépélﬁféHttly %lel?)@éﬁ,sc ‘MIZV\Qi(?Rng‘gt?IE al en%g(gzlpg{zt s by

wei ght total of the functionhalized pg}y(ary ene e and t enyl
aromat i ¢ rebooKe Cs-Ca ahyl,rortthé bke;zeagle R | 1s indepeixdently bfdnogery haloges,eCiafizal kenyl

o oL SRRSO, 1 hob 530 000H P R3PS B4, BhsuRiRe
may be preahérg Bdl,t 3uge 526r 8] kwhyh p=1, the alkenyl aromatic monomer is termed a
monofunctional alkeﬁyl aromatic -monomer; when p=2-4, the alkenyl aromatic
monomer is termed a polyfunctional alkenyl aromatic monomer. Suitable alkenyl
aromatic monomers inélude styrene, alpha-methylstyrene, alpha-ethylstyréné, alpha-
~ isopropylstyrene, alpha-tertiary-butylstyrene, alpha-phenylstyrene, and the like;
hélogenated styrenes such as chlorostyrene, diéhlorostyrene, ' trichlorostyrene,
bromostyrene, dibromostyrene, tribromostyrene, fluorostyrene, diﬂuorostyrené,
trifluorostyrene, tetrafluorostyrene, pentafluorostyrene, and the like; -halogenated
_alkylstyrenes such as chloromethylstyrene, and the like; alkoxystyrenes such aé
methoxystyrene, ethoxystyrene, and the like; polyfunctional alkenyl aromatic
monomers such as 1,2-divinylbeniene, 1,3-divinylbenzene, 1,4-divinylbenzene,
trivinylbenzenes, 1,3-diisopropenylbenzene, 1,4-diisopropenylbenzene, and the like;
and mixtures comprising at least one of the foregoing alkenyl aromatic monomers. In
the foregoing substituted styrenes for which no substituent position is specified, the

substituents may occupy any free position on the aromatic ring.
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aromati c nononer amount of up to about 80 parts by weight, nore' preferably
up to about 70 parts by weight, yet nore preferably up to about 60 parts
by wei ght WQ20045[0194®re preferably up to about 50 parts bRCTES29AI/0395He

ol efinically unsaturated nonomer may conprise an acryl oyl nonomer. In one
enbodi nment, the acryl oyl nonomer conprises at |east one acryl oyl noi etyh
havi ng 't heprefdedC aikeRylOardmdticC nforfomersl 8ncih@e WARERI, Nal mRfHYIsRréhedl & eac

i ndependent | drogg)rll Cl-C12 al kyl, or thevgﬁﬁke am V\hme}r ggllrn R18 and R19
may be di S b Yeetich drmethystyrene - amethylstyrens, Ret-ydylstyrene, a3-bbutylstyoans) ¢ bond.

Pr ef er abl d | .1
erbodi mant TSRS, 8By BaENnL PRI MYl 33 RombpdSitieens; oy i o0
14 WO 20051 emsdﬁoﬁﬁyludﬁzaeséﬁw%%e Ay mmgtwrésec@lqms&xgsatrlwst Ohe ofifisk | S

termed a p functjonal acryl oyl nonoper. In t her enbodi nent, the
acryl oyl nngé%‘}g S ?@@?tﬁtm?mstﬁﬁé@e&&l ?Prowléﬂ%mefﬁa@’ﬁﬁgf the

above SLE UBEMEGE. Qv ERf 5 ta Q0 QP g ey Bt 'east
one acryl oyl mlsgjréhe havi rgbmq-he st ruct eﬁ%l‘:—%é Fééllsn&g)&%a{zmv\/ﬁere?lg %&

are each |md@qu‘e81d@npm§mglyﬂeugen§ suCh-hatbgemdtdd/dtyre@2- C12 al kenyl,, C6- 018
aryl, C7-Cl18 al kyl -substituted, aryl, C7-Cl8 aryl-substituted al kyI C2-C12

al koxycar /- C18 aryl oxycarbon -substitute
aryl oiycar%@%Jj 1 groé %1&1@0 ?nﬁ?[t\!szﬁ?)s‘ioﬁl ?%’(%él%&@%% BSh AUmERRYS, ?quécesf ormyl ,
car boxyl at’Eheylrﬁa)dﬂkd?bepkbé@@h&h@ﬂ)ﬂd@kﬁowﬂﬁn&h%ﬂ' i ke. Preferably, R20-R22

are each independentl|y hydrOgen or methyl . I'n one enbodi nent, the acryl oyl
nonomner CO\'W)” ses a} 1 e?st acryl oyl
en the olefinically unsaturate monomer comprises an alkenyl aromatic monomer,

it preferably may be used in an amount of about 10 to about 90 parts by weight per
100 parts: by weight total of the functionalized poly(arylene ether) and the alkenyl
aromatic monomer. Within this range, it may be preferred to use an alkenyl aromatic
monomer amount of at least about 20 parts by weig}it, more preferably at least about
30 parts by weight. Also within this range, it may be preferred to use an alkenyl
aromatic monomer ameunt of up to about 80 parts by weight, more preferably up to
about 70 parts by weight, yet more preferably up to about 60 parts by weight, still
more preferably up to about 50 parts by weight. '

The olefinically unsaturated monomer may comprise an acryloyl monomer. In one
embodiment, the acryloyl monomer comprises at least one acryloyl moiety having the

structure

wherein R'® and R'"? are each independently hydrogen, C,-C;; alkyl, or the like; and
wherein R'® and R" may be disposed either cis or trans about the carbon-carbon
double bond. Preferably, R'® and R'® are each independently hydrogen or methyl. In

one embodiment, the acryloyl monomer comprises at least two acryloyl moieties
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noi eti es. having the structure above. In another enbodi nent, the acryl oyl
nmononmer conprises at |east three acryloyl noieties having the structure
above. MaMP HEEPI9Béhal suitabl e acryl oyl nononers are derCIUS20¢5/039894). S.
Publ i shed Application No. 2001/0053820 Al to Yeager et al. In a preferred
enbodi nent, the acryl oyl nononer may include conpounds having at |east two
acryl oyl maliagithe apeve BRLEoH! gnd (fePmBd &f plgfnyticial hegidyl kunemencrmi! oyl

nmoi eti es per nolecule. |l lustrative exanples include conpounds produced by
condensat i28pthex embodipent, the asryledimenamaricempeises afileast thregiacajos impietiesuch as
bi sphenol - di I er, butanedi ol diglycidyl ether, or neopenyl ene
gl ycol di Tnﬁlﬁgé}?y%ﬂg;vgym%%ﬁeabi fic exanples include | ,4-butanedi ol

di gl yci dyl et her di (nmeth)acryl ate, bisphenol A diglycidylether

di et hacr \th ame, enabrodlimendp éhet gdrgloykc nlondmgt yampiyidestadtdeast dné metylgyhemoiétst e, and
the like. JAlso jncluded as acryloyl nononers are the condensation of ,
reactive. 5’8}”9%1?%88‘? thacryl ate conpounds with al cohols or am nes 15 WO
2005/ 019340 PCT/ US2003/039894 .to produce the resulting pol yfunctional
acryl ates or polyfunctional acrylamn des. . Exanpies include ‘

N, N- bi s(2- hydr oxyet hyl ) (et h) acryl AmirdeR™ nmet hyl\enebi s( (et h) acryl ani de),
1, 6- hexamet hyl enebi s((met h)acryl ani de), | di et hyl &netri am ne .
tris((nmeth)acrylam de), bis(ga acryl gAilde) propoxy) et hane,

bet a- ((neth)acryl am de) ethylacry - e e gl ycol di((neth)acrylate)),
di et hyl ene gl ycol di(neth)acryl at etraet hyl eng gl ycol : , _

di (net h) acryl ategl ycerol di (neth) ylate, lglycgrol tri(nmeth)acrylate,

1, 3- propyl ene gl ycol di(neth)acryl tQ R ‘ :

di propyl enegl ycol ..di (neth)acryl ate,. 1, 4-butanediol di(neth)acrylate,
1,2,4-butanetriol . tri(nmeth)acrylate, 1,6-hexanedioldi(neth)acryl ate,

1, 4- cycl otvehcasin dRBIR* dir¢ neath )iadepehddntly Hyddogemnaanedi alkyldid,r@h, Mlkany, at e,

st Bag SO e o, Fea L

tri(meth) aps 1.1 = T h dsReil atadl A%
2, 2-bi s(4- ZOX ‘?}ééts‘%]%c rcjﬁif@ﬁ%ﬁ%ﬁgﬁ%&g%ﬁgﬁ% ubstitufed a§loearbonyl,

2, 2- bi s(4-GsCigmerylysubstitiiody elkosygarb@yh- diitsilemdptmayly | yarbopdate, imidate,
2, 2-bi s(( ‘%ﬁ&&%ﬁ&ﬁ&é}’ (l)rot)ﬁg)lﬁg.e rpféi;e%“)}}??{a@l{n are each independently hydrogen or

methyl. In one embodiment, the acryloyl monomer comprises at least two acryloyl

moieties having the structure above. In another embodiment, the acryloyl monomer '

comprises at Jeast three acryloyl moieties having the structure above.

Many additional - suit_able acryloyi ‘monomers are described in U.S. Published
Application No. 2001/0053820 Al to Yeageretal. |

In a preferred embodiment, the acryloyl monomer may include compounds ha\;ing at
least two acryloyl moieties per molecule, more preferably at least three acryloyl
- moieties per molecule. Illustrative examples include cémpounds produced by
condensation of an acrylic or methacrylic acid with a di-epoxide, such as bisphenol-A
diglycidyl ether, butanediol diglycidyl ether, or neopenylene glycol dimethacrylate.
Specific examples include 1,4-butanediol diglycidylether di(meth)acrylate, bisphenol
A diglycidylether ~ dimethacrylate, and  neopentylglycol  diglycidylether
di(meth)acrylate, and the like. Also included as acryloyl monomers are the
condensation of reactive acrylate or methacrylate compounds with alcohols or amines
15



2,2-bis((4-(nmeth)acryl oxy)- 3, 5-di bronophenyl ) propane, and the |ike, and

m xtures conprising at |east one of the foregoing acryloyl nononers. It
will be uMoR08/BY3% hat the fragnent "(nmeth)acryl-" derRaisgS2e03tdigns4" acryl "
or "nmethacryl-". Highly preferred acryl oyl nononers include _
trinethyl ol propane tri(nmeth)acrylate, 1, 6-hexanediol di(nmeth)acrylate,

ethyl ene gby5hucdi (heetR)RIGEY h@l&ﬁmcﬁé&l)%c?y]@ceé}'&gﬁﬂé?'fuﬂéﬁ&ﬁf hkAtdnyiad. €.

cycl ohexanedi net hanol di (neth)acryl ate but ane met h) acryl at e,

di et hyl en@xgm?l@él di (met Hpelede| ate, tr |T‘bNH3}$(éﬁle'd@Piycibyl)(nthﬂ®mh)m@¢,yI at'e

ot byl ¢ eI RE R B SUEUROE T Lo SR e nl ROV 2
(et h) acr yliealtytenearidnyine ( m(maa)aywmde)z ets@ahhmc«me(mmr?mﬁﬁdey;b@p@cy) hexyl
(ot h) acr $iHaDS, beiGdieth kst aer fF‘aéaéfylgttHS%{hB{l?nF Rl s R,

|
ronorer s AR TRl HiGhe bR teiIae EhRN IRRY @ﬁﬁ%é?éy e

be prepar dé{nmh)myllamdsglmﬂmlnm(meﬂﬁmrﬂate lmpM@ylzﬁ@Eglﬁbwan@neth)acrylate
PCT/ US2003/ 039894 . \\h th | f.' i | | d onpri.ses an
T Rt B R0 b A BE B Sy Rn Tor iR )
about 50 Fﬁﬂ(fnﬁéih)b 1wed, ght  per, 6-1q@£hnea@[dl@né@mawlawﬂt t ot gl 4-gfcléHeRanediol
functlonal | zed p%)g(aryl ene ether) and the acryl oyl monomer. Wthin this

range, it ¢ o5 & ranzensdip] efiGmetestylatsy peitperisinitol tera(math)aomlate, | east
about 5 r ht , r abl out wei ght .
Al so wi tﬁlqhg ? ehﬂl?éshe}r%':(flrllge d‘{m&ﬁ{}“@fﬂ‘% ef eh@ééh¥18$§ gﬁgn acdgi@-?qui&%oa@é'

anount of tmnpethtybl;abpnm 4an|(me1ﬂ1$acbglam)3| ghit3,5-miaceylopihexabiddol 1,3 Ganhzin@bout 30

arts b et nor e up to 20 parts by weight. . The
gl ef i ni Xawyg'ﬁ{f‘sgf cthacry Pfgti?ﬁ Hﬁ beWBF’P%e an allylic rmonomer. An
allylic monpRer (zL@n@@a%ﬁﬁ@éﬁoﬁ;@nﬁwrwoﬁelfmgygﬁ%ﬁa@t | east one allyl

(- CH2- CH=CH2?J noi et | n ohe odi ment 'yt c nmononer conprises at
| east t wo 2a8-Pigl(4-(metheaardexy)phershiprapene.enbodi nent, t he al | yI i ¢ nononer

conpri ses g ety es. Suitabl | | npnoners
i nel ude, blsggzgfz{h%c?ﬁp&{) %é r(]iigerﬁeopléf:ngppwane and fhe ﬂ( P ARG
compnsmg at least one of the foregoing acryloyl monomers. It will be understood that

the fragment “(meth)acryl-” denotes either “acryl-“ or “methacryl-".

Highly preferred acryloyl monomers-include trimethylolpropane tri(meth)acrylate,
1,6-hexanediol di(meth)acrylate, ethylene glycol di(meth)acrylate, propyléné glycol
di(meth)acrylafe, cyclohexanedimethanol , di(meth)acrylate,
bhtanedioldi(meth)acrylate, diethylene glycol di(meth)acrylate, triethylene glycol
di(meth)acrylate, isobornyl(meth)acrylate, cyclohexyl (meth)acrylaté,
butyl(meth)acrylate, methyl (meth)acrylate, dibutyl fumarate, dibutyl maleate, glycidyl
_(meth)acrylate, ethyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, hexyi
(meth)acrylate, lauryl (meth)acrylate, stearyl (meth)acrylate, decyl (meth)acrylate,
octyl (meth)acrylate, and the like, and mixtures comprising at least one of the

foregoing acryloyl monomers.

Acryloyl monomers are commercially available from numerous sources. They may

also be prepared by methods known in the art.
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phthal ate, diallyl isophthalate, triallyl nellitate, triallyl nesate,
triallyl benzenes, triallyl cyanurate, triallyl isocyanurate, m xtures

t her eof , YE@ 20051019340 yneri zati on products prepared ther HCHHS2003B98Me | i ke
Nanofillers used in the conposition may have "a regular or irregul ar shape.
They may be platel'ets, fibers, spherical, needl e shaped, aggl onerates or.

any ot her whapah®rolefiicdlynahdaitateli BbARRS BoAMiRS thnt Bakloyh endrdnek, il er
di spersed in the conposition has no linear dinmension gréater than 1000

nanomet er sprefgrabiymay by used in geamowntaiiabpun! togghest &0 partaby weight g0

nanomet er ?artgﬂ;f lvwrﬂtg{og%ﬂgf H :fdn'aﬁgﬁa}lﬁiemaﬂrbﬁ)g? leng.re%ﬁérgranhht%@ %cﬁyg%it 100

nanonet er s, erably no Tine nsi on greater n" 10
nanomet er smowymer. Witkinghsfrangebit ynaychd profeared db n3ensi aoryloyl @@dmdinet hmountl
nanonet er. _Th filler added to the resi onents may -conprise.a mcron
si zed aggrcéfgaé_?@sbﬁbournarpaftﬁ By é\fe}&*ﬁamowﬁfnerﬁ%k% aggut 1 pacs by preight.
conposi t.i. oRsgivAngs afs rénge,rxaﬂ% e Ippéferre P edah?esn&ﬁ%dﬂankp SmBHA P
conposition, the nanofiller may be distributed 1'n"either a continuous
phase, multpiabpbet 4oparisrhyovsigithamwesprefezablyrop ¢o el 30 partcbnweight yst phgse i s

present, or kSpe aﬁp se. .The nanofiller may, optionally, have an
aspect rat‘eremg’?y&b{? Iiabf{gj;’ya%%%ﬁ- 1000. ' In some enbodinments it may be |
preferred - to use a nanofiller having an aspect ratio of at |east about 10

to 1, noreThy eltfiniadily umiaturfied moabmet ma§ comptlise ad 21130 MOASET] W8 Bllylic
PCT/'US2003/ 039894, still pore preferably at |east about 100 to 1. even nore
pr ef er abl yMEROMET4ist amk |95gANIc3 EEMPRINd| compiising, ghdeast PRy aflyl &CIE-¢IITCHast 1 ct ed

by conposigj and bie | ISt oped t ' i Qn,,0f..an
nanofi | | erﬁl%)%&f hgq cgéeallgﬁlgsg%ﬂrfc%gs{h? i %ﬁ Vﬁ\ll ﬁoﬂﬁrgeﬂuggﬁugﬁ#@ 2Il\tlai;?g%\i ?‘Y‘ﬁ? g‘Wgan
provi de sunpietiei. nlp rothpe enibedinent athe attplis imonemercmmprises paleast thise aHygl f act

t hat a hi gh pr.opordi.on of,, the atoms of e panofiller .reside at .the surface
of the n%ﬂf#ﬁ?ﬁper ‘B%P]_tei Aylic manomers; lﬁlfléf‘pg’_c orvﬁx_taﬂlpk%é““yg |ﬂz_688’rr88 &nt s.
Nanof i | | erghthase, GRART iiSophthala NrialTPl aelifkted @8aliyh Ghetdie) Grialyl Nbegizenes, et al
oxi des such as alum num oxide and transition netal oxides such as one or
more of t hiEiallyk ghnymtexitdrllyl iseqvanuratear mixdwss theieabt parttle PPBIMEriZaa i cs;

gl ass; perlpré&%jt%ﬁ%b?ljlcggfé&g%é}lﬁ%gmiﬂ& materials; fibrillar i ngrgani c

materi al s;” an conbi nat1 ons- of the foregoing.

Nanofillers used in the composition may have a regular or irregular shape. They may
be platelets, fibers, spherical, needle shaped, agglomerates or any other shape or -
combination of shapes provided that the nanofiller dispersed in the éomposition has
no linear dimension greater than 1000 nanometers, preferably no linear dimension
greater than about 500 nanometers, more preferably no linear dimension.greater than
aBout 100 nanometers, still more preferably no linear dimension greater than 10
nanometers, even more preferably no linear dimension greater than 1 nanometer. The
filler added to the resin componeﬁts may comprise a micron sized aggregate of
~nanofiller that upon formation of the curable composition dispérses to nanofiller.
When dispersed in the curable composition, the nanofiller may be distributed in either |
a continuous phase, multiple continuous phases when more than one continuous phase
is present, or a dispersed phase. The nanofiller may, optionally, have an aspect ratio
of about 1 to about 1000. In some embodiments it may be preferred to use a nanofiller

having an aspect ratio of at least about 10 to 1, more preferably at least about 30 to 1,
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[llustrative of useful fibrillar materials are inogolite and vanadi um
oxi de. Layered materials vary widely and include phyllosilicates.

|11 ustrat WR2WFOIEh materials are smectite clay m ner RGI/EIR008/438894
nontnmorillonite, nontronite, beidellite, vol konskoite, hectorite,
saponite, sauconite, nmagadiite, kenyaite;, and vermculite. Qher useful
| ayer ed natilmiart praferablydse 1dabi dboat n0eriakeersmonR mefelabi dtildast sbodt 300ndoxt ur es
of illites with the clay mnerals narmed above. O her useful |ayered
mat eri al s,l"are t he | ayered doubl e hydroxides, such as. : '
My6A13. 4( OH) 18. 8(COB8) 1. 7H20. O her | ayered materials include chlorides
such as Feffe3nadenge Chiso Gl eaeeRl i \ D% i - -
cyani des such as N (CN)2;- and oxi deﬁﬁ%ﬁggﬁbgg&m“@gﬁ%&aﬁ%%ﬁ&

Cr 0. 5V0. 53pclusigp afvanyg Gnowar 3@ fillvp GB( the) 2urablePcampasithey, wiH Pt Gseful. 20,

o o ¢ e EES R PR o Al ol 0 R bR BYERREHTDER S BRAIED ot eo
bet ween | alatrs high pidpbition wf tHe &BmEr ¢faghe Minbiiller! febidte Gl tAO lsuMiieCHF theeakens

the interlayer..cohesive energy between | ayers and fibrils by swelling the
i nt er | ayemaBefilisit Rarticlgrand gansinderaets withnthg ™ sepiar campanentsh oNppefillers ,
i nt er cal anfnRkise tAHES: : ' Patibili ' of the
| ayers or ffT@rliST S Wséfﬁﬂ%tﬁgsﬁgéegﬁﬁﬁggﬁpﬁﬁgrﬁq %@Ettaﬁgklg%%/% pgsggﬂn%g{g?t i on by
havi ng. at toxatst andetransitenanetabosides such dsamnke drheors wf ke Btaninin dXided; intall s or
| ayers and_t.he pol rs. Ilntercal.ants that function to swell interlayer or-
|t or 11 br iSOt SHITEL Matenalt CEEHES Ssparretkiies Joesed {spieans myeils, - 1
WO 2005/ O¥fhediar feTdaiiR2ARRHME M he iikd; Ah8 2bABInaHIYY dtithd f8RGbIMN tO increase
the conpatibility and bonding of the layers or fibrils wth the, curable
or cured cgnpositign are sonetines referred to as "conpatibilizing agents”
and i nt er dapsirstive of gsetul, fibsillammaterialseare imggelije and vapagliume oxisist | baveredi ng
agents -ar g, 5008t i (&l | ) Lhg I iz s." The
I ntercal ants rlra§/ gﬁswncﬁr}g%(ggg‘@ﬁta%hy%lﬁégﬁ%ﬁser11%8{5%}%&&1 4rllltugr Q%I?a??eglgepaces by
ei t her i rsgectifecrlay imindréle socls es ofonfreottiliaditeybtcanite sheidelliiep nokkendkaitge, i n
the case qf ians. The intercalants nmay be introduced in the formof a
ol 1. 11 QEPETRgePogle. B Fheadiiey kRl ARS eapicbl (APEIHERY i nt o
the spacegaReddmaRriglehdludeNRe rihefalsiubh as RAMIfeYand QU Hute@BE1iRE widhbri |, or
a large fraction of . the layers or fibrils of the material.
the clay minerals named above. Other useful layered materials, are the layered double ‘
hydroxides, such as,Mg6A13_4(OH)!g‘g(CO3)1_7H20. Other layered materials include
chlorides such as FeCl; and FeOCI; chalcogenides such as TiS;, MoS,;, and MoS;3;
cyanides such as Ni(CN),; and oxides such as H,Si,0s, V0,3, HTiNbOs, Cr5Vo5S2,
W0.2V2,307, Cr308, MOO}(OH)z, VOPO4--2H20, CaPO4CH3--H20, MnHAsO4—-H20,

AgeMo1¢033, and the like.

Useful 'layeréd and ﬁbri]larlinorganic materials include those that have been sv.voll'en,‘
.and intercalated between layers or fibrils with an organophilic intércalant which
weakens the interlayer cohesive energy between layers and fibrils by swelling the
interlayer or interfibril distances. In a preferred embddiment, the intercalant or
intercalants increase the compatibility and bonding of the layers or fibrils with the
resin components of the curable composition by having attractive interacﬁons with
both the surfaces of the fibrils or layers and the polymers. Intercalants that function to

swell interlayer or interfibril distances are sometimes referred to as "swelling agents,"
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I ntercal ants can be used singly or as a conbination of intercalants.
Suitable nanofillers further include swellable |ayered inorganic materi al s.
Typi cal | yWO 2068019a40er ed i norgani c materi al conprises | aysgBUS2A06/039898 WO
opposi ng faces that may be rel atively flat or slightly curved. Such

materials. are described in U S. Pat. . 4,889, 885 to Usuki et al.
Repr esent aflpéR1afi W&Iﬁﬁmcﬁ&n %’ﬁcf&?e{]@le con 5@911 dﬁxg dﬁltneefagég or i nclude
t he |norgan|c | ayered silicates suc onl.e, nontronite,

bei del | i t &ibrilsolvkithhshei ¢usablaeot orirede comppsmpn eares aometimese refergdidioi Be,
d tit t , |
i 111 ayer OB TR B8y A b dhah SneliR oS selie SBPHAGR of ¢ he

| ayers naygompsaibilging 8gsht P40 ¥bifleE@mtRYerrcdad ab B wellifgdoniaBbigdinglagéntsvel | i ng
agents that expand their _inter]ayer spacing. Conversely, |ayered naterials

havi ng norld&e dptgicglantshany bpdatEodyeed, Mﬁé‘l’%ﬂftﬁ‘?fi%@ auinterfibrihspapes by eithert he nica
famty mnsghif, REmYRat of QdlPoldits C&%ngﬁaﬁg TELR Gle W Tl SHRE! | NI

agents that exp and therr inter ayer spaci one or nore' such
mat eri al smtemylamksna)bbe angpbdugedl .in Ahhjlfdmobﬁla solipy Hewid] gis, \oe sekerpiThs of

| ayered materials i ncl#de i‘#léi(ge mnerals such as ledikite; ihe | ayer ed
doubl e hydHEXRIARS 183y Re kEPdvesdmtpJhe 3pacekBetuiem cxy layer or fibril, nearly

My6A13. 4( @Ggr}&a%rcmmsny "Qroa(lﬁ Wéctibn g‘ieﬂféhia SersIQUFiBA]s }féaﬁﬁieiﬁﬁl

vol une 94, pages 547 . ), whi have p03|t|ve arged ayers and
exchangeaMtercalﬁmen b¢ nsetdrsenglhmeaSImblwmeﬁ;mtmabmsdes such as Red 3 and
FeOCl ; chal cogeni des such as Ti S2, MpS2, and MbS3; cyani des such as

o o S RO AE s RN BB s AT by i o,

Ag6Mb 1008 $he laymted merganicemfletisircompeisesibyars hayieg eb bppakipgfaces tlih9m‘£@be '

2005/01934 PCT/ 1JS2003/. 039894 ter als aor, multi-1ayer [egates having

little or ™ Y%I% b %nSI’cai‘gys‘iWY ‘F’H’émallsa%férdfs?%ﬁda}“sgﬁ%egﬁsé‘lf provi ded
they can hessprstssr&aban@%tvmtheﬁe@énkdtm 84 e§ 6#1%eua% greahﬁbrr hipt er L ayer
spaci ng. xtures of one or nore such materials nmay a ?oyed The

pr ef er r ed majgsialaincide dhye insrganiolayemd sdicates Isucheast mosmdrdhonng nﬂn&mg& on the
Lg%’ie(r)fls V\ﬁxdgﬁﬁhan @(arbnslk%ltleo Recfon er,] gaspogf%dl 'Sicolit é,a%z{ggg}teanrge mon 1|teum
kenyaite and vermiculite. Other layered materials or multilayered aggregates having
little or no chérge on the surface of the layers may also be used provided they can be .
intercalated with swelling agents that expénd their interlayer spacing. Conversely,
layered matetials having more charge thah those previously cited such as members of
the mica family may also be used p_rovided .they can be intercalated with swelling
agents that expand their interlayer spacing. Mixtures of one or more such materials

may also be employed.

Additional representative examples of layered materials include illite minerals such as
_ ledikite; the layered double hydroxides or mixed metal hydroxides such as
MgsAls 4(OH))55(CO3); 7H,0 (see W. T. Reichle, Journal of Catalysis, volume 94,
pages 547 ff. (]985)), which have positively charged layers and exchangeable anions
in the interlayer spaces; chlorides such as ReCly and FeOCI; chalcogenides such as
TiS,, MoS;, and MoS;; cyanides such as Ni(CN),; and oxides such as H;Si,0s5, V5013,
HTiNbOs, CrosVo.5S2, Wy2V2507, Cr;0g, MoO3(OH);, VOPO4--2H,0, CaPO4CH;--
H,0, MnHAsO4--H;0, Ag¢Mo,¢0;3, and the like Other swellable layered inorganic
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exchanged, preferably by ion exchange, with ions, preferably oniumions
such as ammonium cations, or reactive organosil ane conpounds, that cause
the nul ti WP EB40 particles to del am nate or swel | . TyRSITAEN2DG3/03989¢
negative charge on the surface of the swellable |ayered inorganic
materials is at least 20 mlliequivalents, preferably at least. 50

m | |iequi vakehisor matli-rpercagyredtdsaldving o &lnd thatGdonithd b@ide \ofltRait s, per
100 gramf of the multil g(i/ered material .. Particularly preferred are

i nor gani c laYgfPepayalsebeivsed geovidrdnthgy cam he ipercelptsd i with swelljpg agents that

bei del I'i t gxpMaltkQP SN BGl-OR; | Vickis Ao |{,d €, and
kenyaite, Wat h hectoriafygn Saﬂr%d&#bmlgr(r@rrﬁsl on?[Hét'ﬁ?{géleﬁgﬁ?reomszo di :

m | |iequieapbyed to 150 milliequival ents per 100 grams material. . Preferred
swel | abl e | ayered inorganic materials are inorganic |layered silicates

havi ng a - hegative char on the layers ranging. from0.2 to'-.1.2 charges
Dot o muTHE FRitentea Sab 18Portd gr e FndRBIhPE HakihE Batest Pr it Behay Prg
negative ahd@eghafgtablREohsdd(Rh 2s K6diGMN) Potadsii@n) dhdZalcfurl) cRidchBaWBRE chebe f Or nul a

-unit -and a conmensurate nunber of exchangeable cations i'n the interlayer
spaces. TK¥chapgqd, smeferablyy by den ienehagani withepes: ipseferahly priumeions saeh as

or ganophi Lj e ian' ) | '

i nt roduci ﬁgﬁnﬁ\%@rc @g(f,}'g’n se?éé{gg;g?%ﬁ%gg}éngtﬁglﬁjggdﬁ E’stggtcclag%)aﬁl? ni 0 ?ﬁéﬁﬁt erl ayer
or i nter f iphticles spdclamimite bhewelveTypadlly, thayepsilei dharggaom the snebeer ofethe by
either insertion in the case of. neutral | ecules,. or io change, in the
case of i Swgl&abl?ﬂ%‘?r(?gl"é)fg"d’ﬁc E’éf?”& 54} lﬁ?ﬁt gﬁ%ﬁ’ceﬂg“'f‘ﬁ?gﬂ’rﬁgfé?%% B’gﬁ%ﬁg of
the swvel | gblgillidnalee, aN@ HGRI SrefdRdtly idin 5016 156 HMilliduivRldneY fer Q00
interfibril space or spacing” is meant herein the distance between the
faces of grmy ofdhe multildyeredi sratariab - Batigelery rreforred sare | inorghmicclageredf | ons,
the ions ) n . ge | es..of ..t he sa .char such as,
for exanp Iggl?éat?'ﬁes(aéﬁc anS"g“{a&r‘%‘%’)’%{% r{]{og?rggg ’m%%’ulltgh Vv?nﬁioﬁgléoﬁ%bﬂ}egﬁﬁn?eé ation.
Any | ayer esbaiitt e saubnitks Sagddeite, Cadt Remialtg, withechdctatte GindChahgastlipiei es in
the interlayer regzirogn fhat, results in an increase of the |ayer spacing
prior wil h2pBe 15930 milligquivalegis) toob) eubisquivplents g ol ersnsomategial. 5

| nt er cal aipeBt §idiAble 1T i B

mat or | al o FHe Y iy Rble Mbrt HERahIchA RIS S injrRit [ Erch 1Rate BEREY
commonl y lagative abargeogaho tdyasssranging from 0.2 to 1.2 charges per formula unit, most

preferred are inorganic layered silicates having a negative charge on the layers ranging
from 0.2 to 0.9 charges per formula-unit-and a commensurate number of exchangeable

cations in the interlayer spaces.

The swellable layered inorganic material can be rendered organophilic by a process
known as "intercalation" that comprises introducing intercalants (neutral or charged
species) into the interlayer or interfibril spaces of the swellable layered inorganic
material by either insertion, in the case of neut;al moleculés, or ion exphénge, in the
"case of ions. Intercalation can also increase the interlayer spacing.of the swellable
layered inorganic material. The term "interlayer or interfibril space or spacing" is
meant herein the distance between the faces of the layers or the distance between
fibrils. In the case of ions, the ions may be exchanged for larger species of the same
charge such as, for example, the exchange of sodium or calcium ion with an onium
cation. Any layered material described containing a neutral or charged species in the

interlayer region that results in an increase of the layer spacing prior will be referred to
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The intercal ants act to weaken the interlayer cohesive energy by swelling
the interlayer distances and function to increase the conpatibility and
bondi ng oWQ 2085/019%a4ers wi th the matri x by havi ng attractPCTeUS2063@3889 i on
with both the |ayers and other curable conposition conponents. The.

I ntercal ant may be introduced into the spaces between every |ayer or

fibril, neaeahYntenegladed! raerial OThik idR§driptih alsBanQUEs!tREYk Qayepedehfdrialk R 9anNi c
material, or .a-significant fraction of the |layers or fibrils. The
processes haye baeat rensigesidn preanophidial aSuch imaterialheare neemmapbyr kapwas 'as of
swel | abl ei&xg&g& materials are known to those skilled in the art. See,
for exanple, U'S™" " Pat. No. 4,889,885 to Usuki et al. It is not intended
that these nmethods are limted to any specific. procéss or procedure. .
| nt ercal affthe inypcaaits yact dot weakea fhenbitértayad cghasive ehagy rigaswellingtthet he

surface of the layers of the |ayered material and displaces, totally or in
part, the I%Pﬁn@ieﬁéjl?%‘?%‘ﬁ% and, fynctigggsinersase, es‘%ﬂn?pé@gﬂﬂ apd dopding of t%*These

functi onaliaygrOwRR the'lurhl By hAARE bitcittd MidBion Ry B5th the'Elbdand wglepophi | c
or electrophilic functi-ondl groups that are capable of electrophilic or

nucl eophi chiably emhpoesipanompeaents.ochis, intercalanitigay baotiodneedaintd tharspageg * ri ng
opening r tions. Exanples,of such functional .gr.pu I ncl m no,

o boxy, e AvenE Lo il HY v Ty oD 8P T, esloR BRATL oy
epi chl or olwystpiric nitetial,tdiea $ipkificarUidctibh @fithd Ri€rs |0 Mibsild. Mk Yecew@k &F - sol ubl e
pol ymers, .oni um conpounds such as an ~ammoni um ﬁhosphoni um or_  sul foni um

salt, anphdfeducigsintereadants yite \fhe nferiaysr arqas|of mavellabladeveeds matsrigindsgi | ane -
compounds inBhfl 1l iBled PlRak: SEERGPERMALI VS, PXATM £3s0kelfY BLuigo! Ub! @
pol yners that can be enployed as the organi’c intercalants are

wat er - sol gblab Ipa$ yweiemted vthatythesd owttalds sue hinsigedpiol aryvspeyific. procaskair) |

pol yal kyl ene gllé%col s. such as pol yet-hyl ene gl ycol; water-soluble cellulose
pol yners PIEKRIYS et hyl cellul ose and carboxynmethyl cellul ose; the polyners
of ethylenically unsaturated carboxylic acids such as poly(acrylic acid),

and their Ist@ichRints §picilly Byhtaidyd fodctidgdlegroay thatirddcw @sthahe shffadeOse@ei ng
wat er - sol ubl e .polynmers. The . 21 WD 2005/ 019340. PCT/ US2003/ 039894 nononer

uni t of sk®itrpef Preryrehipaterigbansbdisplagess tripllaer B payt, dbroggipaloons,@ndni xt ur es
~ bonds to the surface of the layers. These functional groups that are reactive with the
polymer include nucleophilic or electrophilic functional groups that are capable of
eiectrophilic or nucleophilic displacement reactions, coupling reactions and varying -
' ring opening reactions. Examples of such'fun'ctional groups includevamir'xo, carboxy,
acylhalide, acyloxy, hydroxy, isocyanato, ureido, halo, epoxy, epichlorohydrin, and
the like.

Suitable intercalants include water-soluble polymers, onium compounds such as an
ammonium, phosphonium or sulfonium salt, amphoteric surface-active agents, choline

compounds, organosilane compounds, and mixtures thereof.

Represcntative examples of water-soluble polymers that can be employed as the
organic intercalants are water-soluble polymers of vinyl alcohol such as poly(vinyl
alcohol); polyalkylene glycols such as polyethylene glycol; water-soluble cellulose
polymers such as methyl cellulose and carboxymethyl cellulose; the polymers of
ethylenically unsaturated carboxylic acids such as poly(acrylic acid), and their salts;

polyvinyl pyrrolidone; and mixtures of the foregoing water-soluble polymers. The
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of ethylene glycol and propyl ene glycol, or propylene glycol.

Represent ati ve exanpl es of oni um conpounds that can be enpl oyed as organic
i nt er cal aM®200§8193¢ cati oni c surface-active agents, SuGCTABS2008x3289aar Yy
ammoni um salts having octadecyl, hexadecyl, tetradecyl, or dodecyl

nmoi eties; with preferred quaternary amoni um salts including octadecyl

trimet hyl nRABRBE WK1t §Bdich pdiyRftk AR ¥lso bEUSRE fith 22 BIYRKSBNEA! &r mB@ALECY!
trimethyl amoni um salt, di hexadecyl dinethyl amdnium sa_i t, tetradecyl
tri met hyl obetianaglyca and prapytese ghiek pf pwpstenhiglycolarmoni um sal t .

di hydr oxyet hyl nethyl octadecyl ammoni um salt, di hydroxyethyl nethyl

Y Bes PrakEgrel il GG Sl SHBLERA Tt AR ULRGL] Bs PR 1! ng.

substituents 1 ncorporatrng pol ene segnents S 0
pol yoxyal kndreaients peludercatiesc satiak-aativé hgentEheAMs Naftegnaprangetiamahltddunt sman

Corp.” Representatiye ex l.es of the anphoteric surface-active agepts that
can bé e ‘I‘Vd%doc_t °251rg ?nhgé?‘iyllrt é?tﬁagﬁ%bﬁt ©r; sloferyl warefigs 3 Hﬁ%igvﬁg an
al i phat i ¢ qaibiEryCAlheRMLm SARE BlcMudi t&ieeﬁ&h%w abbhRihfsalSdiobQRayE, Or

phosphat e ‘as thé anionic noiety. Representative exanples of choli ne
conpounds dineihyl eamérdumngsltohexddesy! thimetbylgaminonivim sadt, ditleaadesyli dimlethyk

HOCH2 CH2N( 3] +OH 14CINO,, .C5H14NOCAH506 H14, H707,. and
&H14m¢é1%?ung:aalf, Egle_’ﬁcggyﬁlol:&gme E?' nf"é‘f’?‘{}‘é“’%-x §%I éiét’é%%@e&dg aﬂg’gfhyhne
conpounds amnAhiue@ sah ediaparoRyethlyl agethPE ocREESSN| enhotitmC sl diBydrglettiye si | ane

agents of the formula: -(--)"SIR(4_."_,, ,zR 1 m. where (--) iIs a covalent
bond to t AEthylhydrogensted llow Anamariumpsalt iqupternary argmgniumn giltsconfgining. 1, 2,

or 3 with Vi gt i.S,4€ [ et : i.S. a .
monhydr of S AR en e nEkpbiifing, iyl PlendsBllerty Ba°GHE of Miybriolee . )
aryl al kyl polyamines| suclkx gathg JEFF RMINE®Rhprodacte obHunlsfnbe Cert. at each occurrence
and is an organic radical that 1is reactive with at |east -one conponent of

t he curable ¢ sition., Reppesentative raups i nclude am no, carboxy,
acyl hal + oREP RN e Rales of e AEPlerE u TonecheRyE Sprafihet e B ployed

epi chl or oby digahic iaRecaldhés Inckee sbfadtaits agviAg aaRAphdtRNEnind i aldidty | ncl ude
| ong- 22 WD, 2005/ 019340 PCT/1JS2003/039894 chai n branched quaternary

ammoni um &2 & sarhensyl sulfate, sulfaspte, erfosphataes the anionic moiety.
Representative examples of choline compounds that can be employed és the organic
intercalants include [HOCH,CH,N(CH3);]"OH", CsH4CINO, CsH;4sNOC4H;Og,
CsH14NOCgH;05, and CsH,4NOCeH,,0+, and the like. -

Representative examples of organosilane compounds that can be employed as the

organic intercalants include silane agents of the formula:
(SR gnmR '

~where (--) is a covalent bond to the surface of the layered material; m is 0, 1or2;nis
1, 2, or 3 with the proviso that the sum of m and n is equal to 3; R' is a
nonhydrolyzable organic radical (including alkyl, alkoxyalkyl, alkylaryl, arylalkyl, and
alkoxyaryl); R is the same or different at each occurrence and is an organic radical that
is reactive with at least one component of the curable composition. Representative R
groups include amino, carboxy, acylhalide, acyloxy, hydroxy, isocyanato ureido, halo,

epoxy, epichlorohydryl, and the like. Preferred organosilane intercalants include long-
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or ganosi | ane conpounds, as disclosed in WO 93/11190, pages 9-21. Oganic
materi als other than those described can al so be enployed as the organic
i nt er cal aMOs2095/60B40ed t hey can be intercal ated bet ween tHE/URYBr039894 t he
multilayered particulate material. In one enbodi nent, the intercal ated:

| ayered material i's an intercalated silicate having a |layer thickness of

from 7 Angsdif OBRantRedl 2qiiigrnhfyOMBmmdiium | SHET ahBlof KRGS 0Bfci®alizéd1cl ude
the thickness of the intercalant npjety. Suitable nanofillers include
pol yhedr aPreanesjlaneeqrapainds as disclosethidsW s/ tH90eprger®RS. nanofillers”).
Representative POSS nanofillers are described in "Interfacial Properties

of PCSS- ’\t@?%%ké gnge'?‘i’a'l's J%ﬁlgﬁlab(*ﬂgsee&eéﬁlibed ﬁéﬂnle%}'s& ¥ hpiSYeatds RO Urginte Mar ch

2002 Mee Ssi on oster Sessio

(htt p: // winteregdants pgovaqiesy they canvBéRi¢oalpted deswcsa MBS 03orshafinthg muRd&fered
nanofillers.. are al so.commercially avail able as, for exanple, :

1, 3, 5, 7,.obdrticylatemateyigly o _ '

di chl oronet hyl silyl)ethyl)pentacyclo-[9.5.1.,13,9 15,15 17,13 ]octasil oxane

(Cheni cal In sémbsdimeme tHeShieYcaMeed BY4é® AraldiaPls an intercalated silicate having
Cct aki s(tetramet hyl anmoni u

pent acycl @,Ea;y%t_hi_qkpgssgqflfg;m%?@vgsggrpgéq b2 Angsteares. Thss layer tickness doesmobet akij s(y
| oxi de) h E‘ﬁ%?’%@?@@{y&%e iﬁg%aga%ghﬁ)li T gistry No. 69667-29-4), and

1,3,5,7,9, avi nyl pentacycl 0{’9.5.1. 13,915, 1517. 13] oct asi | oxane
(Chemi cal Abstracts Registry No. 69655-76-1), all available from A drich
Chem cal -Buoitgbde pancBilietsainickida pobhediakoBgdmerichsilsesquidxades (samelai ‘H@8Sed

powder s conpr.dsi n anoscal.e ers.di spersed..on.cQarser. rrier powders
as descri B%g’,duf’{?rge@%ﬁ?@%‘i"ﬁ}’@gﬁ%aﬂ é]?eé?lgrelé.scr&eg@,@WE‘F‘GF%HS@“& al . ;
netal nangfPOSSAENandfiTkegdad Fondanet he! Améddan PRMIAAD KRciltyl Meranboumpr k
function as described, for exanple;, in U S. Patéent No. , 646, 302 to Kan et

al . ;. and Msetye.di spensiessien nanof i M38r conpoBestérons as Hesieri bed, Mor

L NS

i nclude c on nan nanot ubes "suc exanp t hose
comrer ci ahiey adsoai damirherciatigieravaitubld r agle frnexEMBIEGRAB(S,7,9f11 4811 5ApahRed

o Sooes o i A bl S TE) 12815 AT ok ! (e O™ 23
Abstracts Registry  No.  314727-18-9), Octakis(tetramethylammonium)
pentacyclo[9.5. 1.1%.1%.1"¥octasiloxane-1,3,5,7,9,11,13,15-octakis(yloxide)
hydrate "(Chemical Abstracts Registry No. 69667-29-4), and 1,3,5,7,9,11,13,15-
Octavinylpehtacyclo[9.5.1.13’9.15"5.17"3]oc;tasiloxane (Chemical Abstracts Registry
No. 69655-76-1), all available from Aldrich Chemical Company.

SuitaBle nanofillers further include nano-dispersed powders comprising nanoscale
powders dispersed on coarser carrier powders as described, for-example, in U.S.
Patent No. 6,652,967 to Yadav et al.; metal nanocrystals imbedded in another metal
. having a different work function as described, for example, in U.S. Patent No.
6,646,302 to Kan et al.; and spray-dispensible nanofiller compositions as described,

for example, in U.S. Patent No. 6,645,569 to Cramer et al.

Nanofillers further include carbon nanofibers and carbon nanotubes such as, for
example, those commercially available under the tradename PYROGRAF® from

Applied Sciences Inc.; the single-walled nanotubes commercially available from
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CarboLex Inc.; the carbon nanofibers or "fibrils" having dianeters of about
10 to about 15 nanoneters commercially available from Hyperion Catal ysis

| nt er nat | WK2005/08MAX abl e or ganocl ays i ncl ude t he nont noredi/oszasm3ssamoc| ays
comercially available from Nanocor; and the organically-nodified, |ayered
magnesi um al um num silicate platelets comercially available under the.

tradenane (kdrek TRES khd Ea8bn FRHSMEA or @hemsPrhgdmgtcﬁBaméterls%ﬁb%ub@6itsne nt, the
n S

nanofiller is substantially free of conductive carbon. In this enbodi nent,
t he nanof iabpw&r 1 eranomesess commereidlly ayadlablei frem dypsoinn [Gatdlysis terhatinmak:

nanot ubes SIRE e SRR B BB TR Sy nfibelah o RRPRRM: rlpder

nanot ubes. avl ng ess than S havi ng

| engt hs | dsfn NaaocokDORM tHeam@anicsllys modifiddglaeRil treagasitiinCAlemiruay kiligatao | i near
di nénsi on 9r eater than 1000 _nanoneters. The coyosition may c‘onﬁ)ri se the
nanofi | | eP'at¢ietscommerriallyravailehle wder ths: tadsoemg CLOISIGE® fencientherpased on
the total ) BRu@f. the conposition. Wthin this range, it may be
preferred to use a nanofiller amount of at |east about 1 weight percent,
nore preferably at |east about 1.5 weight percent. Also within this range,
it may be Inpnefmbpdithent the sarofiilends substantiallyofiiest ofodondpctive cattwnt IiGhivei ght

br ef or abl SR hctR YRGB PRURES e o SAbHiPs sonayV BB oG
further cdifpénsieh greatef ithgh CEORMYEImEters] BEhedS dof BLampIb) Ed¥bord Ahotelest he
unsat urated conponents. Curing catalysts, also referred to as initiators,

are wel | WBAYRE lengthstessghan K9 nesemeters, carben fbers haeing dingthsess shand®00cur e or
crossl i nk @AYm&ErsNURB" : ;'ﬁ% i h S, | .
unsat ur at é% ‘rgolr;’es?grg?éb\?lll% i@?ée?lﬁ{ghg%aqaﬁgf%cﬁméﬁ% %a{sféi'l ﬂ]oq}rllnlg)lopn ting
exanpl es abnometersg catal ysts are those described in "Plastic Additives
Handbook, 4 h Edition" R Gachter .and H Miller (eds.), P.P: Klentchuck

(assoc. e Hansen Publ i shers w Yark .1993, and.li . Pat ent, Nos.
5307 072 1 SPp e M SoMie SASHantaS: imnina gl sBott & o HAREAr T ng
catal yst fwighthRriens &waaé@%mﬂim%mfoﬂm@ cbPoIIBSE! Wikhin ithiS lratthe, ANY
conpound capabl e of producing radicals at el evated tenperatures. Such
curing capay Besprefemsy to wes adenefaies apouak9f atrlershaboysdr wrightopesesat,merecal
initiator actO fal o) L.nithAatLo Lngl far - | e,
benzoyl p?rreof)%ﬁgg)hg%gs& n%l?dﬁggr'%xv}/%@? ﬁ(éfcén?. A@I) W fhih ﬁnsuga%’ge, f mgfl(%gp
preferred to use a nanofiller amount of up to about 70 weight percent, more preferably

up to about 50 weight percent, yet more preferably up to 40 weight percent.

The composition may, optionally, further compﬁse a curing catalyst to iﬁcréase the
cgn’ng rate of the unsaturated components. Curing catalysts, also reférred to as
initiators, are well known to the art and used to iniﬁate the polymerization, cure or
crosslink any of numerous therméplastics and thermosets includihg unsaturatéd
polyester, vfnyl ester and- allylic thermosets. Non-limiting examples of éuring'
catalysts are those described in “Plastic Additives Handbook, 4™ Edition” R. Gachter
and H. Muller (eds.), P.P. Klemchuck (assoc. ed.) Hansen Publiéhers, New York
1993, and in US 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 at elevated temperatures. Such curing
catalysts may include both peroxy and non-peroxy based radical initiators. Examples

of useful peroxy initiators include, for example, benzoyl peroxide, dicumyl peroxide,
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24 WD 2005/ 019340 PCT/ US2003/039894 nethyl ethyl ketone peroxide, |auryl
peroxi de, cycl ohexanone peroxide, t-butyl hydroperoxide, t-butyl benzene
hydr oper oXNQ@2005/01984t y| peroctoate, 2,5-di net hyl hexane- 2¢yus2be3i3e80@r oxi de,
2, 5-di net hyl -2, 5-di ('t - butyl peroxy) - hex 3-yne,- di -t-butyl peroxide,

t - butyl cunyl perOX|de al pha, al pha' - bi s(t-butyl peroxy- n}lsopropyl)benzene

2, 5- di rret hiydthyd, &theli (Ketdadt progidex YaureX paioxide] eyelshdxanénd Peroxtlie( ti-Haml Y1 per oxy
[ sopht hal at e, )at bgt yl peroi;éybenzoatdgﬂ g - bi s(?‘ﬂgut yl per%xrf)xblfg anek511

2, 2- bi s(t Mydropeiskidsxy) dctile, Demzetenet Mﬁrowr@uén,(behbwl perpsracidascane,

d|(tr|net Y. |.si |yl phenyl triphenylsilyl peroxide,
nmet hacryl ?xélgirnl(l)%ﬂ H%a%bﬁﬁ%l;(l (ileopgw% et hoxyl at ed bi sphenol A

di (et h) acxSrimtethyl0fidi(t-btylpekoxy)-aed 34ynxt ur ést-butgipprokiieNg atbutyastylone of
t he f-oregoin uring catalysts. -Typical peroxy initiatqrs include,-
for exanplP&™ 9‘2&3 di met hyl - 2, 3- di PRBRYIPRR tﬂ?(@g“tylpemxy'm“SOPrOPyl)benze“e

2,3-tri netzhyhﬁxhétWIQXS’ dte-But ?lpBHﬁQwe%ﬂeane df%ﬁﬁ’llyk)gfox déke, ﬂﬁgb%@%}b&fs

conprising at | east one.o or egoi ng cur cat al yst's
catal yst fisnphthakateinsat ur at—bdtylmmbmoatb the t héxrbis@tbutglperbyy)bitene, i ncI ude

f tiat t f the
nsat ur at o BSNRBNARE )R ani oni ¢ pBRTHEFIS Lt R IR R EhaRt ude, 1 or
exanpl e, alifkahethyRiig)paasnides SUCﬂhn@&hyﬂﬁ@ﬂ;&H&hﬂmpﬂ@nﬂMm) aplloddidid, hi um

di et hyl am de (L| N(C2H5) 2); al kali. netal - and ammoni um salts of Ci-
al koxi des:methacayloxypsonyl tamgthaxyslane Athsraiassd bisshenel Adi(metblastylats,ami des

or ganomet gjd 'hﬁecamo%%%esse&n An %*&? 1845k Bhe ldrt L ‘fﬂ}nggﬂg"é*ﬁﬂ:g gﬁfﬂ&%‘%ﬁe i ke;

-lithiumand - the grignard rea henyl” nmagnesi u
and conbi rigpicahson-perapy umhatgrsamclude,sﬁ)r exmnpﬂé 2 Srdirthethplgh B riiphenylbatane,

pol yneri z pn ¢ sts eferred nbodi ne the curi cat al yst
may corrprlaz %E‘Y‘?bﬁ%’ﬁ&%ﬁﬂ%& butage, apghf ‘Okeetar?al mﬁ@?@ﬁéom’g%go% The
curing catladsyaﬁe BR YhePfoRERint: w&ﬂgﬂaatapst@ m%rmﬁhgtcwaﬁysp?orathelﬁhs&&afee about
200C. When present, the curing catal yst may be used’in an anount of about

0.1 to abd@tiongof gher thermgsehanayh further indadepamy sompeund egpablecof initdatingnal i zed
pol y(ar yl %Hﬁ)n gg{ﬁn ?lggm;rp&ithgluﬁgitgpa%glc%%pggen%s uéuclia amoql?g 80 yrnen%/a\l’tltogl h this

range, it may
catalysts include, for example, alkali metal amides, such as sodium -amide (NaNH,)

and lithium diethyl amide (LiN(Csz)z); alkali metal-and ammonium salts of Ci-Cio
alkoxides; alkali metal ~and ammonium hydroxides; alkali metal cyanides;
organometallic compounds such as the alkyl lithium compound n-butyl fithium and
the grignard reagent phenyl magn_esium bromide; and the like; and combinations

comprising at least one of the foregoing anionic polymerization catalysts.

Ina preferred embodiment, the curing catalyst may éomprise t-butylperoxybenzoate or
methyl ethyl ketone peroxide. The curing catalyst may promote curing at a

temperature of about 0°C to about 200°C.

When present, the curing catalyst may be used in an amount of about 0.1 to about 10
parts by weight per 100 parts total of the functionalized poly(arylene ether) and the
olefinically unsaturated monomer. Within this range, it may be preferred to use a
curing catalyst amount of at least about 0.5 parts by weight, more preferably at least

about 1 part by weight. Also within this range, it may be preferred to use a curing
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curing catalyst amount of at |east about 0.5 parts by weight, nore
preferably at |east about 1 part by weight. Also within this range, it may
be prefer We2005019849 a curing 25 WO 2005/019340 PCT/ US2€3/(20894989¢ at al yst
amount of up to about 5 parts by weight, nore preferably up to about 3
parts by weight. The conposition may, optionally, further conprise a

curing presmtysf arhéuriiee ﬁFQ@Qbéth% pARI byl WEBht, Plétd Frefeabiy lip RYaBIUR TRHafis S
include transition netal salts and conpl exes such as cobalt naphthanate;
and or ganiby Wagds such as N, N-di methyl aniline (DMA) and N, N-diethylaniline
(DEA). Preferably, cobalt naphthanate and DVA are used in conbination.

yhen pr esq colBsiREP Y CoptTALP GuHAE LdnfbrRE a%ﬁHH%bEﬁciﬁ?Igl?y ecr%a&StP%gr)abOUt

3 parts, per parts tota t he onal1ze ene e , the
al kenyl  zebtime. Suitabtoerrmg raomoteneinaludy trayditiorometaksalts Bhé complereas suchbhn may

o1 aos 't r arSicOPh PEaTBRLY PG FERL bigh Fh L4 Boybeilr (IMALRY | oss

than or eq}&!ﬂ'-di&tﬂ{lﬁﬁlﬁne NOEA )T et&GEablyy cbBAs nhflAngle SRUBMAL feoREd jgVEN NOre
preferably | ess than or equal to 25C, even nore preferably less than or

equal to Gombimten.pWhenwrésentathei prometen azydevsethip an ameiwk of abhoat §.06Han or

wor . prof aPah {isCher B parf SairaRe Yo GRTaeal B SoeRie ont A MBRA, Fent

sui tabl e pedryatierhencattd] dndiBsa@yyl sehaséed from the group consisti.ng of

pol y(al kenyl hydrocarbon)s, poly(alkyl (nmeth)acrylate)s, poly(vinyl
ester)s, | ysi | oxanes, and copbi hati gns _conpri sing, at . | east one of the

f or egoi ng 61 SARRASHIORGEAY | SPEPTISG AN 9BHYMAL ROLYMH; P‘?‘b ve.whehf PPREEHE, naybe
used in an4aERNRLs £ ; ' on 100
parts by V\Blalght tsot gﬂagﬁ?ﬁ%ﬁgm#ﬁ%@??ggghsgg'%n%g%{qlia(l gar/wvgg%e{f%er %Lts he

ol ef i ni calthan vnsaghalr @t esPQyomere preférablyt lass pahysEEdqual 28 d50°Cy @ven \WéBIi N this
range it may be preferred to use a polyneric additive anount of at |east

about 0. 5 ppeferablydgss\ibanger equabtoe235Ce tegnabie prefetablislessatbanor ¢qushta 8°Gy
wei ght, vy 8 referabl v at,|east abqut.2 parts b i i1l nore
pr ef er abl ;e}fth g%lﬁggc. %f[) tﬁ‘?é éﬁ/sp%ﬁ\{ognfggyna@ﬁ%{e,ss @Q?é'norrﬁﬂ)ﬁglv\g’r g&g’r y@layatat | east
about 8 paste, préfordiPitss thhh o9 e4bdltb 100 MPSat 25°C, more preferably less thanor -
equal to 10 MPa at 25°C. In one embodiment suitable polymeric additives are
selected from the group consisting of poly(alkenyl hydrocarbon)s, poly(alkyl -
(meth)acrylate)s, poly(vinyl ester)s, polysiloxanes, and combinations comprising at

least one of the foregoing polymeric additives.

The polymeric additive, when present, may be used in an amount of about 0.1 to about
30 parts by weight, based on 100 parts by weight total of the functionalized
poly(arylene ether), the olefinically unsaturated monomer, and the polymeric additive.
Within this range it may be preferred to use a pofymeric additive amount of at least
about 0.5 parts by weight, more preferably at least about 1 parts by wéight, yet more
preferably at least about 2 parts by weight, still more preferably at least about 5 parts
- by weight, even more preferably at least about 8 parts by weight. Also within. this
range, it may be preferred to use a polymeric additive amount of up to aboﬁt 25 parts
by weight, more preferably up to about 20 parts by weight, still more preferably up to
about 15 parts by weight. In general, it is preferred to use a polymeric additive

amount that is less than the so-called critical point of the composition. The critical
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range, it may be preferred to use a polyneric additive amunt of up to
about 25 parts by weight, nore preferably up to about 20 parts by weight,
still norW@reef/eradl y up to about 15 parts by wei ght. IPCTgE2e0380B98%t i S
preferred to use a polyneric additive anount that is |ess than the
so-called critical point of the conposition. The critical 26 WO .

2005/ 019340mB6ditibiS2RBAED ARB AUt 6O MBRRS iabbe) wiGdH BRSPS sesifatkd \waaltwel above

whi ch t he ghase separated additive changes from being a mnor, dispersed
phase, i ntcbangsp fipra betigta muenrs dishersed pirse, inde ibeingd candinpensi phase fIde a

bi nary bl St ' r ' ' ' uation
and t he CS%S%%“H’Q%B‘Z‘??’ff??E&gTamL& (j ?c'aého,% %lﬁﬂé%ﬁmasr A%ﬁﬁﬂ?@é‘\éﬁﬁa@? For a
mul ti - conpleriesd eduation awbihe componene spatfiSpsiaings (.ey ohaleohlas aeight/dessityyrat ed.

The «critical volunme fraction conposition of conponent 1 is calculated as
the reci pr&EaMyf-compeneflidaty fejing am pYRagawesifigaplimesn bsrestimatedatlitg of
conponent it i : : t1 £+l '

deseri bed e R e oo RO RREUn: 4 (FRACINHEat ed®Fprps By

vol une 26 theqepngity 4 3us2ths Bquane dodt. of. thSeatiohafzconfpohgntdr spe¢ifio 8@Jume/overme 30,

pages 471-475. The,co sition ma urther.c ri ne or e '
non- nanof i PIEPReH,; cﬁpgggﬁg"(’lblg?’t F%Lf{eé‘frg’e i1 gjﬁg gﬁﬁag%ia%,r 8’!3% riﬂ{'r k.
Non- nanof iMk&bmoleanies 31993,268luMB €24, ipagey 243Y-P&515 1288 111 BantRez) FoAimRdr t han
about ' 1000 nanoneters. Exanples' of such fillers well known to the art

i ncl ude t K69 deademne Blcpages 4Br4&% i ¢ Additives Handbook, 4 h Edition” R
Gachter and H Miller (eds.), P.P. Klenchuck (assoc. ed.) Hansen

~Publ i sher spp, idn 1R3 ' ag e, il s et & | as a
filler havi rﬁ’ge %Yﬁp%(%é?’age ag%lfe)“cefa‘grnl‘aﬁ% i o e n %Eﬁg’@n%.“gﬁg‘%ﬁﬁﬁ‘% ting
exanpl es gRrtiduldte rfdlern @ind dibrous i fidlkerp owen-nasofilters davé L eldasti driec dineard

talli ilLica: . b -nitri b -sjli cat wd f
obt i i n e et B eR i abets M Bhadtietes Eatuplesict Sih RORS b ecrr i c
| oss tangabivn tb i &bni¢RrIeEIsE ABRGibREWIEPlagie A@lilivea Haldusok)a" Eaxgbragnesi um

oxi de (or _ magnesia) for hi &2‘ tengerat ure conductivity; and fillers; such
as wol | astBorfachter apd HyMulgr tadsd.dbB- Kleaphaek (ssacaed bHansen PublishetsnNew| f at e

(R L) g ERIRTING AL SE AT RIS IE 2,
gener al | y ratio lchethaombowtfsS: B Nyoodindtipgetdnplesasffildss lude 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 magnesiurh oxide (or
magnesia) for high temperature conductivity; and fillers, such as wollastonite
including surface-treated- wollastonite, calcium sulfaté (as its anhydﬁde, dihydrate or
trihydrate), calcium carbonate including chalk, limestone, marble and synthetié,
precipitated calcium carbonates, generally in the form of a ground particulate which
_often comprises 98+% CaCO; with the remainder being other inorganics such aé
magnesium carbonate, iron oxide, and alumino-silicates; surface-treated calcium
carbonates,; talc, including fibrous, modular, needle shaped, and 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 hard, soft, calcined kaolin, and kaolin comprising various

coatings known to the art to facilitate the dispersion in and compatibility with the
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often conprises 98+% CaCO3 with the renmai nder being other inorganics such
as nmagnesi um carbonate, iron oxide, and alum no-silicates; surface-treated
cal cium MQHOHBI9840 talc, including fibrous, nodul ar, rseEWUEEpred, and

| anel lar talc; glass spheres, both hollow and solid, and surface-treated
gl ass spheres typically having coupling agents such as silane coupling
agent s anaiémosé Nesindirfida 2 i QIHE tnhet4l1i £ M 08 'and 2Rtkak aRfcd tréatfe@l withng hard,
soft, calcined kaolin, and kaolin conprising various coatings known to the
art to fa@nipesgarest proagryloylsilanesrcaatingmntp smpashigopd Iphysicals té compourgizd WD

2005/ 0193 H?éeg / I 0. ami .Lncl udi ng-qet.al lized
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coati ngs wbninpsilitate adn@bhaegaliscliding citpsigatiadd héeided afuphidsdlidatend
nepheline s er]i te, silicate spheres; flue_dust; cenospheres; fillite;

al um nosi PPURALSHG 1799 HEITES )quartzits; srlHe Sripelii diatlemasepuseerhy syhetic

al um nosi lsjiealiReludMthdsewill vdriods §ii’dﬁ¢coﬂﬂ%@} d tHUAEd 21 te, perlite; Tripoli;
di at omaceous earth; "synthetic silica, 1ncluding those with various sil ane
coatings, and the |ike. Wen rpresent, t he non-nanofiller may be used in an
anount of VéResupregent the namarofder meyibghised ér ae amouitasfatoutr).§ eabat 80 wei ght

of the co o t] Mthin I S.kan i, may be.preferred.to use. an

non- nanof ﬁ%ﬁ) rt %gﬁ%%l@’a%%] At tﬂ{]eetz)éatl %%@Jt“lth%?éﬁ?s‘ﬂg’}'c&ﬁpfm f@gﬁ’r % er abl y
at | east almywde preferioditghise peheemhnofNes amouhhbfMattldss absud deweibht poRdenhe
preferred to use a non-nanofiller appunt of up to about 70 wei ght percent,
nore pr efnéqra@r%ferala@t% leash abous d - nereight P?fé‘?‘lfen{)l,so ydthingieragee fibmapibs up to-
40 wej ght ] ' [ - raé]ﬁf | y be -
added to tp%&?ﬁd]errtorrggée-? terl1 ﬁg%? ?lkpﬁl\?mp?ﬁ%f%rﬁg%t% ?lég?@rre%t, rewg {’z?é%urface
t r eat ment prefenablyaipl tp ahputrdOameigltipesieoty yetpnompreferabihe thaOmaiglitipercentay
optionally, further conprise an adhesion pronoter to inprove adhesion of

t he ther ti] ' t fill or _to,an.external, coating or.
subst 1 at o e ApRBREE I obore? Fol i ElieRmhy b Safet BBRereBRBR kg Yani o
fillers wwithoathmgi asatnRhgnoi elftet Guiady AeatnRNNE SeARally Vg iadNadHegivnt er s
I ncl ude chrom um conpl exes, silanes, titanates, zirco-alum nates,

propyl ene PRINYFE anhydri de copol yners, reactive cellulose esters and the
| i ke. Chrom um conpl exes include those sold by DuPont.

The formulation may, optionally, further comprise an adhesion promoter to improve

b

adhesion of the thermosetting resin to the filler or to an external coating or substrate.
Also possible is treatment of the aforementioned inorganic fillers with adhesion
promoter to improve adhesion. Adhesion promoters include chromium complexes,
silanes, titanates, zirco-aluminates, propylene maleic anhydride copolymers, reactive
cellulose esters and the like. Chromium complexes include those sold by DuPont .
under the tradename VOLAN®. Silanes include molecules having the general
structure (RO)4.n)S1Y, wherein n=1:3, R is an alkyl or aryl group and Y is a reactive
functional 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, y-methacryloxypropyltrimethoxy silane,
y-aminopropyltriethoxysilane, v-glycidoxypropyltrimethoxysilane,

y-mercaptopropyltrimethoxysilane. Titanates include those developed by S. J. Monte
etal. in Ann. Chem. Tech Conf. SPI (1980), Ann. Tech Conf. Reinforced Plastics and
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under the tradename VOLAN(r). Silanes include nol ecul es having the general
structure (RO (4_")SiY" wherein n=l. 3, Ris an alkyl or aryl group and Y
IS a reacWQ2005P1M3éa i onal group which can enabl e formatiper/o$2068/4308%d With a
pol ymer nolecule. Particularly useful exanples of coupling .agents are
those having the structure (RO 3SiY. Typical exanples include

vinyl-tri etf i lrf%ﬂ%’PI\leSechBﬂﬁég W@Mﬂss ,h@8€3. Monte M od. PlaTtlcs
yl oXy t hox

y- met hacr propyl tri nethoxy sil ane, -am nopropyltrie ysi [ ane,
y- gl yci dodgtprld0pB4) b met ﬁoxﬁsrcd»ahmmatys mehxdaphamrdqsmbadl e LiBQatichdne.
Ti t anat es J,ncl ude .t hose d nte e Ann, .Chem Tech
Gonf sy Mgt EReindhn e A8 SR pB o Tk adh R ot siny Desasd T

2005/ 01934kk R@%&%&Q&S{e@ﬁ%%f drOHRAl drffo 'aﬂ?fof t§e°h11%%7@esc§€é& hiyve Y6E, New
Oleans; and S. J. Monte, Mdd. Pl astics 84) pg. 2

Zirco-al urtmnmvesadhmmhewmﬁ@ flercandubel tlwmgsqglnmwn Fcpr expmalst sush _
Engi neer Imr)bgerﬁgl 5 %ﬁil usd t(pg 1llc-£t%ef dheﬁh{}% %1@1[5[\)/% %{ﬂheglo?l qt% | Aghuded in

t he ther | tse '€ Qescri bed
above. to madtripr ove adhesi on between the filler and the thernosetting resin.
For exanpl e.such pronmoters nmay be used to coat a silicate fiber or filler

to i nprove. adhesi on of the res trix The coppositio optionally,
further comSrPTPRYUGR "aaérdPPv%hxeﬁugfgﬁremmﬂgfana%@pnwpk& drffh g
rel ease ag@tﬂf(ﬁm@nﬂoﬂf Rffasd HEInkCARE &henal%h%tsd tiokiddnbe HEMnaPétailizerg €1 S

ultraviolet stabilizers, pignents, dyes, col orants, anti-static agénts,
conduct i vellta'cg'ecrictsstablhmrs, rpcrﬁsmb'ea: solgands, tane-statlk@germoboudmﬂvnagmms

conpri sin I £ f arnegai addi tives. Selec

particul a?: f;}%% ?%étsepsan ttﬁ rﬁ( ar?l‘}g (g’énbﬂ?g‘&}lons SMPEYPE S g ttb%?et of& skilled
in the artforebiag eadditives. pSeledtivnl of phitidulantadaifives ahd @hdie ahiinBymufibeh t he
conposition is prepared. The conposition may be prepared by -formng an
intimte PEEAMESEbY heserskilled; 18 ihg rged, pol y(aryl ene ether), the al kenyl
aromatic and/or vinyl nmononmer, - the acryloyl nononer, nanofiller . and

any opti onglereS@MBYPARMuar n\%%ome tf)é'%EﬂoggﬁlWﬁ@%he%h?o@ﬁ%h%ﬁreﬁér@@r) is a

capped pol y(aryl ene ether), the conpositi ed directly from
an uncappédiepomppsitiph arey @t}t‘fep%red)by dorgsng o mgmtaltebbmt aﬁ[:lecfumﬂoyl@lazqil ene

poly(arylene ether), the alkenyl aromatic and/or vinyl monomer, the acryloyl
monomer, nanofiller and any optional components. When the functionalized
poly(arylene ether) is a capped pon(arylene ether), the composmon may be prepared
directly from an uncapped poly(arylene ether) by dissolving the uncapped poly(arylene
. ether) in a portion of the alkenyl aromatic monomer, adding a capping agent form the
capped poly(arylene ether) in the presence of the alkenyl aromatic monomer, and
adding the acryloyl monomer, nanofiller, and any other components to form the
thermoset composition. The nanofiller may be added as part of the bulk ingredients ,

or added by a masterbatch method.

In one embodiment, the nanofiller is mixed with a polymer to form a masterbatch and
the masterbatch is then mixed witﬁ the functionalized poly(arylene ether) and
oieﬁnical]y unsaturated monomer. Alternatively, the nanofiller may be mixed with a
solvent to form a nanofiller dispersion and the dispersion mixed with the

functionalized poly(arylene ether)and the olefinically unsaturated monomer. The
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ether) in a portion of the al kenyl aromatic nononer, adding a cappi ng agent
formthe capped poly(arylene ether) in the presence of the al kenyl
aromat i c WEhWAEP19340nd addi ng the acryl oyl nononer, nan®dIiusee03/0a9sd4 any
ot her conponents to formthe thernoset conposition. The nanofiller may-be
added as part of the bulk ingredients , or added by a masterbatch nethod.

I n one "enbagéfiiRMdispbRBnNARY bbby ifcl il Sl bhd E'geﬂtsﬁ%ﬁﬁﬁibiﬁﬁné QbR

mast erbatch and the nasterbatch is then mxed with the functionalized

pol y( ar yl éwelliagieempatibilizing paentynandheanbinations of the deregein®ner . Al ternati vel y,
the nanofiller may be mxed wwth a solvent to forma nanofiller dispersion

and the disReE ShBRafiore tnilcbipblon b AR REYRRINK(AE Y EABALAET) and

the olefinica unsat urated fhonomner.
PCTI 1J S20@8ly(8988el cthagn tiei dleBnicallys pesasiratad neononset,i amdatht ynanofillardeittswel | i ng

ts, mati bili zi ts, [.1i.ng/ tibilizi t d
conbi nat | G gt chery v o iy o 30 el feipeanier (He: cOigoa 1aW Ry be.
formed by dheReinékprdised HGekORAr ggglet h%rxé Qtr%'i@@f fRER osi{ifrinﬁ bein

ed. 6
ol efinically unsatdrated nononer, e nanofiller with a mé ener gy

of | ess tmaredbbus ca@erkpladabdtabe pbalandei dfgrhysikal /ahd elevdriznkpropertieobiithe
di nrensi on expressed.. n Iitsrs refers to the vol “{ﬁ%{xﬁée 25C of the

conposi ti 6 eﬁoﬁa’OSWPQ_éﬁz.‘y ¢ SEISINGOLHH MANBE ¥t FaPRAREIHI t_;l}f’lysi cal
and el ect rchfable REMPBIItiIbILSar®f mblA. - Clir Bakie@APABiil | VhtiiPlatl® MBNTiPitare to the
manner in which the conponents in the  curable conposition are nixed. - In
par t i cul afhighenesgys bigheshptrameiodhavored fotheir effeet emgghati¢a iprepedties net hods
favored fqr &hej f on t anic erti o} he A

compos t1 o W1y e cbfpbsift iRy 15 b GaeBRRC dugion T frépthed

conduct i vicoyducAvitesiA alebieabibabalanés of msehdiicnl eall cievtricl @edperiasl mpy dperti es
may be obtai ned when the curabl e conpasition is.mxed with a m Xing energy
|'ess .t han ORBERR Wisd o pirablg compesifipy iy wiedprtp mEYNE eamey ipss thapgpent

pr ef er abl y5oligns, riveAbRRW hd abditas 1D, AEASe kBl KRCNENLGS: Jenigner ti es of

the conposition are not unnecessarily ‘conprom se I't may be preferred to
m x the cdnpodenttbatomerhanicalir priobertico ngfottiet icomposifierh ase mioti nopeeessamly of at

| east abouyt 025 kJ/ L re preferably at | eas ut 0,25 kJ/L., yet nore
or ef er abl %og%rqnélggf, 1 a%%%gg Pr rl{ejci ﬁ)_ mix t¥)e componentts gib (e curablze composition
with a mixing energy of at least about 0.025 kJ/L, more preferably at least about 0.25

KJ/L, yet more preferably at least about 2.5 kJ/L.

' There is no particular limitation on the appératus used to blend the compohents of the
curable cbmposition._ Suitable internal blending methods include dough mixing,
Banbury mixing, helicone mixing, Henschel mixing, plow mixing, agitated vessel
miking, and the like, and combinations comprising at least one of the foregoing

methods, which are known to those skilled in the art. -

There is no particular limitaiion on the method by which the composition may be
" cured. The composition may, for example,'be cured thermally or by using irradiation
techniques, inc'luding UV irradiation and electron beam irradiation. When heat curing
is used, the temperature selected may be about 80° to about 300°C. Within this range,
a temperature of at least about 120°C may be preferred. Also within this range, a
temperature up to about 240°C may be preferred. The heating period may be about 30

seconds to about 24 hours. Within this range, it may be preferred to use a heating
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There is no particular limtation on the apparatus used to blend the
conponents of the curable conposition.. Suitable internal blending nmethods
i ncl ude dBEYHOMIBHY, Banbury mixing, helicone nixing, HEIWELNE039M%I Ny,

pl ow m xing, agitated vessel mxing, and the like,' and canbinations
conprising at |east one of the foregoing nethods, which are known to those

ski || ed i rtirhéef afrteast Tharna mmummmd piejlf_éﬁ‘blﬂ& at ieaéttatabat%ﬁmtés?exlgeétvhﬁﬁkl by e
whi ch the conposit.ion b cured. e conposition may, for exanple,
cured  her'f Peprit WYE@ ‘ ﬁ@e??rrqdam 889 Brheating: HfeqiR & ab%!l@dhmgs,uvored )
I rradiati f ' LAt ur : ed, the
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range, a erature.up to about 240C may be .preferred. The heating period
maygbe, aboch]? % ﬁefﬁg%%gmf&?r BY ogggnpm?tgr_es W“?‘H] ‘Si‘eta rgneniieged rangesmy  be
preferred to use a heating 30 WO 2005/019340 PCT/ US2003/ 039894 tine of at

| east aboudnel embodintent F® eyl omPogitidh, 'I06@§;isiag0pa (x%emi)d%wlﬁé-ca@&eao wi thin
this range, it - may he preferred to use a heating tinme up to about” 10
hour s, mr@ly(éﬁﬁwmy,%aﬂese sibensan gayloyomenginerfcompbisipgap least taoout 3

h . S i NG t rtially cured and often

ook Troe TOA MEE and3 ShBARE, | AnBERE YR8 InRAL i bintusf OB 8Moper i ods

or tglnrper atompesing: tabout tmea_ba_ﬁo@()apzfrmtb)o‘tnﬁiggg ?ﬂllggfeéh)g?g?éezé‘dpp& pEpE2,6-s a
Qsitign, canprising:, a - : :

o o o SRS e SR, PeAZinst Y ARt s BB e oo ng o

| east two m&nydr@pnprBinglat REst tAdheRy 10 NRGiklidsShnd AR gsrto %HP&%@&FM‘ S.a

curabl e conposition, conprising: about 1 to about 90 parts by wePght of a

(et h) acr yReEtest ehppenotyiar whemsin theramaowptts pf theplreth)heyletestapped polsthet 10 to

' ; I Lsin t legst two
eyl oyl ey L AHANbE e 6K T30 REien AR et pBri0Dgars B
nanof i | | eryeightetotl of thse abmpohenty fantiie Giuh) 8C e AhSAIHIP Blsda0bY (1R, 6-
di met hyl thélggfgﬂ{%ﬁge et her) and the acryl oyl nonomer are based on 100

parts by f COPPe conponents, and the amount of the
nanofiller is based. on the total weight of the conposition. O her

enbodi MeniGihbMehbsAmEhS iAARRS e eRtioH He3RPbBRES b baRAI R by Sl | Y
curing any of the above curable cbmpositions.

Still other embodiments include articles comprising any of the cured cof_npositions.
Articles that may be fabricated from thie composition include, for example, aéid bath
| containers, neutralization tanks, electrorefining tanks, water softener tanks, fuel tanks,
filament-wound tanks, filament-wound tank linings, eiectrolytic cells, exhaust stacks,
scrubbers, engine valve covers, automotive exterior panels, automofive floor pans,
automotive éir scoops, truck bed liners, drive shafts, drive shaft couplings, t'rac'tor'
-parts, transverse leaf springs, crankcase heaters, heat shields, railroad tank cars,
hopper car covers, boat hulls, submarine hulls, boat decks, marine terminal fenders,
aircraft compdnents, propeller blades, missile components, rocket motor cases, wing
sections, sucker rods, fuselage sections, wing skins, wing flairings, engine narcelles,
cargo doors, aircraft stretch block and hammer forms, bridge beams, bridge deckings,
stair cases, railings, walkways, pipes,. ducts, fan housings, tiles, building panels,

scrubbing towers, flooring, expansion joints for bridges, injectable mortars for patch
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any of the above curable conpositions. Still other enbodi nents include
articles conprising any of the cured conpositions. Articles that may be
fabricat e¥Q QQﬁ‘PH%gD conposition include, for exanple, adGI/B3003/039894
containers, neutralization tanks, electrorefining tanks, water softener -
tanks, fuel tanks, filanment-wound tanks, filanment-wound tank Iinings,

el ectrol ytané reglit 6f cRxkaus btnson@ak oncrét€,! oS forafle MEchimdry @aifs) WA,
aut onoti ve exterior panels, autonotive floor pans,  autonptjve air scoops,

truck bed dowsksr Bolts ppste elerimial eneapsulantsirleqtrasisprcksging materalsoplectgalt s
transvers f Mg CH a e ie . rai agd..t ank
cars, hog)g}éér@’cgﬁgggvgﬁcs%lp ggglltag h%ﬁ&s}?&}su o r°9§‘gg’h3?‘:es W%déréés’ dégélgs?orrmr i ne
t erm nal felacttemschaniial aewicts, dmttpgneases,, repistps | fuses, bheantek cutrdff sdevizes,

conponent tocket nobtaor cases, wn ection cker rods, fuyse|age
oy o B Spt AEnt Wit S Sdpaciity yansiamaet deticnly) cqndabre.
ai rcraft . gbinpbiéhtd Fntisafc AR iofsO tefRis IQEJ%%Q‘? BRI shQﬂé,%ir%%&E&,ngs,

stair cases, railings, walkways, pipes, duc an housings, t ,

bui | di ng pkiselski polser bish¢lagpariswewsnming poolagswimupingspen §lidesit lsotf twbs,br i dges,
i nj ect abl t for . 1 2005/ 019340 PCT/ US2003/ 039894 . and
repair of %%L?H%%k@{xl%ﬁs’gfl ?lggstsﬁrpaé:f’% &V\C%P?lggsé?ra&?,éﬁsﬁw%hqux%, ir?%{gerﬁé)é RAFr y .
rails, netfamituttowetage dools) gratings tpBote@iv@CiddyCitar, A0ERPS Wptidhiswawrigaides,0ni C
packagi ng materials,. electrical anels, printed circuit boards, electri.cal
conponent $2d0gse satellits dighes, §’§8$’§°F3(5rene'@lyétaﬂ’?'én@&ﬁ’éﬂ'ﬂecwlt%%fc@ﬁnﬁét tery

cases, I egjaatBffer EMRES indulftioN®or ToriRd fndd }ﬁieg,ec%m \?tgﬂ'%%gﬁec[rgﬁlaﬂ&,m ed

Wi ring boards, capacitors, transforners, electrica C Ive

conponent siry denexntesios,abomding pigs.c bispation fxnress indastyiak treetal glokthingl dies,shaft s,
fishing rods ski ki, poles,.bicycle parts, sw mming pools, sw m ng
pool sli dé ,cu%{nqligg?oolsggﬁi&&hkﬁi xers, business machi ne housings, trays,
di shwasher parts, refrigerator parts, furniture, garage doors, gratings,

pr ot ect i .veTHeodympesition | ivgpatculaidptiseful favLGHcaRRE autofdHveSundeatigdddi t e
di shes, signs, solar_energy panels,. tel ephone switchgear housings,
t r ansf or nEPMPENEINS Such 28 fonexaple. SRging vakve §§VetRchi nes, conmutators, core

insulation, dry toner resins, bonding jigs, inspection fixtures,

i ndust ri alwhst #e hP&dHoAhadibesn destAGMHIAIGERIGe &&Q'p%feﬁ&ﬂeﬁaﬂé‘diln%ﬁ@ it The
conposition is particularly useful for fabricating autonotive undér hood
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 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 the scope

of the appended claims.

" All cited patents, patent applications, and other references are incorporated herein by

reference in their entirety.
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conponents such as, for exanple, engine valve covers.. While the invention
has been described with reference to a preferred enbodinent, it wll be
understood by those skilled in the art that various changes may be made and
equi val ents nmay be substituted for el enents thereof w thout departing from
t he scop invention. In addition, many nodifications may be nmade to
adapt 'éﬁgggiﬂégﬁéﬂgdgpﬂﬁation or material to the teachings of the
invention w thout departing fromessential scope thereof. Therefore, it is
i ntended that the invention not be limted to the particular enbodi nent

di scl osed as t.he bAsturatdeleompositenmpkampdsifigr carrying out this invention
but that the inventi.on will inc)Jude all _ enbodinments falling within the

scope of the appeﬁgEWUSWQVﬁQPQ&‘FYRB?F%ﬁﬂbatents, pat ent applications, and
ot her references a [ r i r 1 ence | ' [.rety.
S VAT | & G v BRI Gt ERred gﬁrﬁﬁé’?u}/ Ti%o n,p?’f?g’%paﬁ ésﬁ@?ﬁlté’?? lonBHhh
functional i zeahdool y(aryl ene ether):; an olefinically unsaturated nononer
conpri sing an acryloxhﬁﬂ%noner; and a nanofiller. 2. The conposition of
claim1, wherein tHE*UHET onal i zed pol y(arylene ether) is a capped

pol y(aryl ene ether) having the structure QQJ-K),, wherein Qis the

resi duum of a nnnohxdric, di hydric, or polyhydric phenol; y is 1 to 100; J
conpri ses repéati nghstconmositon ofictasmhhyvivhgreimehd dnmmsloaalizeBpoly (all¢he ( : .

)rnr ether) is a capped poly(arylene ether) having the structure

QU-K)y

wherein Q is the residuum of a monohydric, dihydric, or polyhydric phenol; y is 1 to 100;

J comprises repeating structural units having the formula

wherein R? and R* are each independently selected from halogen, primary or secondary
Ci-Cyz alkyl, C,-Cy; alkenyl, C,-C), alkynyl, C;-C); aminoalkyl, C;-C), hydroxyalkyl,
phenyl, C;-Cy; haloalkyl, C;-Cj; hydrocarbonoxy, and C,-Cj, halohydrocarbonoxy
wherein at least two carbon atoms separate the halogen and oxygen atoms; R' and R are
each independently selected from hydrogen, halogen, primary or secondary C;-Cy, alkyl,
C,-Cyz alkenyl, C,-Cy; alkynyl, C-C,, aminoalkyl, C;-C, hydroxyalkyl, pﬁenyl, Ci-Cpy
haloalkyl, C,-C, hydrocarbonoxy, and C,-C, halohydrocarbonoxy wherein at least two
carbon atoms separate the halogen and oxygen atoms; m is 1 to about 200; and K is a

capping group selected from the group consisting of
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wherein R2 and R4 are each independently sel ected from hal ogen, primary or
secondary Cl1-C12 al kyl, C2-Cl12 al kenyl, C2-Cl12 al kynyl, Cl-Cl2 am noal kyl,
Cl- C12 hydroxyal kyl, phenyl, Cl1-C 12 hal oal kyl, C1-C 12 hydrocar bonoxy,
and C2-Cl12 hal ohydrocarbonoxy wherein at |east two carbon atons separate

t he hal ogen and oxygen atons; R and R3 are each independently sel ected
from hydrogen, hal ogen, primary or secondary Cl-Cl2 al kyl, C2-Cl12 al kenyl,
C2-C12 al kynyl, C-C12 am noal kyl, Cl-Cl12 hydroxyal kyl, phenyl, Cl-Cl2
hal oal kyl, Cl-Cl2 hydrocarbonoxy, and C2-Cl2 hal ohydr ogtar bonoxye wherei n at

| east two carbon atons separat e gshe | ogen and oxygem\atonms/ mis | to
about 200; and Kis a capping oup s&lected fromthe g p( consi sting of
7

33RO Ro REY YR , and \ / R8 R13 R12 R3is C

1-Cl12 al kyl. R6-F8 are each ind&pendent]y sel.ectedy Q ger-REL- C12

al kyl, C2-Cl2 al kenyl’, CB\C18 arDi 18 “BHKkyl - subst i X CCcr-a8
aryl -substituted alkyl, -C128 | koxygar bonyl, C7-C 18 oxycar bonyl ,
C8- C18 al kyl -substituted ryl &ycarbonyl, C8-Cl8 aryl -

i ed
al koxycarbonyl, nitrile, formyl, carboxylate, imdateR and Qﬁ
t hi ocarboxyl ate; R9-R13 are each independently sel ected from hydrogen,

hal ogen, whekidR1% @/-KY) alkylyHf-RR ¥re &RH ilﬁlﬁb&ﬁﬁen%ﬁ delvbted b }X/dl'ocﬁeﬁ, dj-vg) ent
group selected fromthe group consisting of S ORl4 11°C~ S, and O
115 whefkkivh RiG Rl Cale aruk 7t @d @yliegdghitityteé erdcCef f arphsubstiuegen and

Cl-C12 a . 3.~Th i tiopn-~of~claim2 er ei is e resjduum of
nonohydr H%X’Ilp hcéﬁ% f2 %}11'? Oggﬁ'glsb@ 0 Po(sj?'t? bh 4 g]o%‘ﬁ?%chnyﬁhg: 3T%dr3 ead%’{nﬁsél%éﬁlgé’?“r‘# ,
conpri si myladyoatbohyk €s-Cis aryl-substituted alkoxycarbonyl, nitrile, formyl, carboxylate,

imidate, and thiocarboxylate; R°-R'* are each independently selected from hydrogen,

Q

halogen, C;-C,; alkyl, hydroxy, and amino; and wherein Y is a divalent group selected

from the group consisting of
| AR
C , C , \ / ’ \ / , and

wherein R'* and R' are each independently selected from hydrogen and C;-C;; alkyl.

o

=0

e O D
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3. The composition of claim 2, wherein Q is the residuum of a monohydric

phenol.
4. The composition of any of the foregoing claims, comprising about 1 to

about 90 parts by weight of the functionalized poly(arylene ether) per 100 parts by weight

total of the functionalized poly(arylene ether) and the olefinically unsaturated monomer.
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about 90 parts by weight of the functionalized poly(aryl ene ether) per 100
parts by weight total of the functionalized poly(arylene ether) and the
ol efinically unsaturated nononmer. 34 5. The conposition of any of the
foregoing clainms, conprising about 10 to about 99 parts by wei ght of the
ol efinically unsaturated nmononer per 100 parts by weight total of the
functional i zed- pol YP&roprumesitionndeny sfdhe faegdied chinaldoypuinimgtaboat Eto

nonomner . j: L4 f A t he fareqgoi ng cl ai erein. the
nanof 11 i o D babRERRIENRR o Bl i P Cp D pe{ L el
mat er i al sqtaloditherfumstioglliass polypeylenskhégand thryeERdcdl R Ameaiiatdmémeal S,
fibrillar inorganic nmaterials, and conbinations thereof. 7. The

conposition of any of the foregoing clains, conprising about 0.5 to about

80 wei ght pergent Ry Qg#fog?ion%?ﬁﬁg o?ﬁxe?fﬁgegéﬁ}gfclrlr%i\,ﬂ%; gfﬁ%requ the ngn&ﬂ[g?(i)ss I tion.

8. The conposition o t he regoin urther conprising a
pol yner i seladaidt froen haviahgoxdded, amstdl r edibides ORetrREP R8I IHE ¢@aBidshatagy equal

to 100C. 9. .cured c osition fornmed by curing the conposition of any of
the for Qﬁx&v%te& Eliyﬁ@?lqggrgamc materials, ﬁb1'11¥ar 1norganglc materialsr,rgnd combinations Y

thereof.

7. The composition of any of the foregoing claims, comprising‘about 0.5 to

about 80 weight percent nanofiller, based on the total weight of the composition.

8. The composition of any of the foregoing claims, further comprising a

polymeric additive having a glass transition temperature less than or equal to 100°C.

9. A cured composition formed by curing the composition of any of the

foregoing claims.
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