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U.S. Patent No. 6,352,782 to Yeager et al. describes thermoset conipositions
comprising poly(arylene ether) resins that have been capped with ethylenically
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.
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cofrPBRtibE B9t nanoﬁller may result in compositions with improved mechanical
properties such as a combination of high ductility and high modulus or in

compositions 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 residuum of
wa2omsnoiyari ¢, di hydric, or polyhydric phenol , PCT/US2003/039894

preferably the residuum of a. nonohydric or dihydric
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and K is a capping group produced by reaction of a

phenol i ¢ hydroxyl mgpoup on tge pol x(aryl ene et her)

with a capping reagent. Thg resul t\ng capping group
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C6-C18 aryl, ' Jubstituted aryl, .C7-C 18

aryl - substltuted al ky Cl2 al koxycar bonyl, C7-C18
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wherein m is 1 to about 200, preferably 2 to about 200; R? and R are each
independently halogen, primary or secondary C;-C,; alkyl, C-Ci2 alkenyl, C,-Ci,
alkynyl, C;-C;; aminoalkyl, C,-C;, hydroxyalkyl, phenyl, C,-C; haloalkyl; Ci-Ci2
hydrocarbonoxy, C,-C;; halohydrocarbonoxy wherein at least two carbon atoms
séparate the halogen and oxygen atoms, or the like; R' and R’ are each independently
hydrogen, halogen, primary or secondary Ci-Cz alkyl, C,-Cy; alkenyl, C»-C alkynyl,
Cy-Cj; aminoalkyl, C;-Cj, hydroxyalkyl, phenyl, C;-Cj; haloalkyl, C;-C;»
“hydrocarbonoxy, C,-C,, halohydrocarbonoxy wherein at least two carbon atoma
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



al kyl -substituted aryl oxycarbonyl, C7-C 18
aryl -substituted al koxycarbonyl, nitrile, fornyl,
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or the like, wherein R'“and R'’ are each independently hydrogen, C;-C,, alkyl, or the |
like. ’

In one embodimeﬁt, Q is the residuum of a phenol, including polyfunctional phenols,

and iﬁcludes radicals of the structure

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

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

phenyl, C;-C,; haloalkyl, C,-Cj; aminoalkyl, C,-C,, hydrocarbonoxy, C;-C,,
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pol y(aryl ene ether) consisting essentially of the

pol yneri zati on product of at |east one nonohydric
wEbesoiosimvi ng the structure R R2 H OH R3 4pathes®31039894
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In amyg| embbdimenuttbd edpked ,potaigiede etherdxigcpiodueedl by GRpping a.
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moablRIFGHeRSIMaingithé sthlcture f or nyl , carboxyl ate, imidate,
t hi ocarboxyl ate, or the |like. H ghly preferred: cappi ng
groups include acrylate R6=R7=R8=hydr ogen) and
nmet hacryl ate (R6=net hyl, RR7=R8=h\Rir ogen). I n anot her
preferred enbodi nent, the\capped poly(aryl ene ether)
conprises at |east one capp group having the
structure 0" Il 5\CR

T

wherein R'-R* are each independently hydrogen, halogen, primary or secondary
C,-C); alkyl, C,-C,; alkenyl, C,-C,; alkynyl, C,-C;, aminoalkyl, C;-Ci3 hydroxyalkyl,
phenyl, C.-Clz haloalkyl, C;-C); hydrocarbonoxy, C,-Ci2 haloh_ydrocarbonoxy
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



wherein R5 is Cl-Cl12 al kyl, preferably C1-C6 al kyl,
nore preferably nethyl, ethyl, or isopropyl. The
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capped poly(aryl ene ether) |lacks a pol ynerizable
function such as a capbon-carbon (double bond. In yet
anot her preferred enmbgdi nent ¢ he apped pol y(aryl ene
ether) conprises at | gr capp{ ng group having
the structure 6 WO 2Q0 019 0 PCT/ UsS2003/ 039894 RO
R10 (12). wherein a(\e each ilndependent|y
~ hydr ogen, hal ogen, -C12 al hydroxy, amno, or
the like. Preferred cdapping up8 of this type
include salicylate (R9=hydrOxy, R/ -R 3=hydrogen).
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poly(aryl ene ether) conprises at |east one capping
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L t h
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poly(arylene ether) with a cycllc anhydrlde cappi ng
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orglcldi,lﬁﬁggrougr]ﬁyig?ﬂq)eesmﬁmr@l c anh_ydrl de ph_t hal i c
anhydride, and the like. There is no particular

l[imtation on the nethod by which the capped
poly(arylene ether) is pr@pare The capped
pol y(aryl ene ether) nay [be||f orned by the reaction of
an uncapped poly(aryl en egth&5 ith a cappi ng agent ..
.Cappi ng agents include

wherein R’ is C1 C,; alkyl, preferably C,-C¢ alkyl, more preferably methyl ethyl or
isopropyl.

The pfesent 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 having the structure



conmpounds known in the literature to react with

phenol i ¢ groups. Such conpounds 7 WO 2005/019340
wERODsSABaO03/ 039894 i ncl ude both nononers and pol/ys®NF039894

contai ning, for exanple, anhydride, acid chloride,

epoxy, carbonate, ester, isocyanate, cyanate ester, or

al kyl halide radicals., Capping agents are not limted

to organi ¢ conpounds sphorus and

Exanpl es of cappi ng
aceti c anhydri de,
anhydride, salicyli
'salicylate units,
acrylic anhydri de,
acryl ate, glycidyl
benzoyl . chloride, henyl 7, tes sjich as
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nmet hacryl oyl esters, acetyl esters, phenyllsocyanate,
3-isopropenyl - al pha, al pha- dinethylphenylisocyanate
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5, 079, 268, 5, 304,600, and 5,310,820 to Nelissen et
al.; 5,338,796 to Viapello et al.; and European
Pat ent No. 261,574 Bl Peters gt al. \n a preferred
enbodi ment, the cappe $Iy(ary| ne ethgr) may be
prepared by reactio Car—AncappedOibl/y(aryl ene
ether) with an anhydri§e in an al kenyl aromatic
monomer as sol vent. This approach has the advantage of
generating the capped poly(arylene ether) in a form
whehann Aas aeturated dr anslyatell dneed divalént dwﬂmcalzbonwmmh as,

forma ura itio usi n t.h
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capping agénts include, for example, maleic anhydride, succinic anhydride, glutaric

thacry" [ glyc!dyl

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

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



conmpound hydroxi de salts such as sodi um hydroxi de,

pot assi um hydroxi de, tetraal kyl anmoni um hydr oxi des,
w@anasois4d | ke; tertiary al kyl am nes such as trepdmugi003/039894

am ne, triethylam ne, dinethyl benzyl am ne,

di met hyl butyl am ne and the like; tertiary m xed.
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SUCh as 8 WD 2005/ 019340 PCT/ Us2003/ 03989 .
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acoflic hutydeidanmiethaciyliocaphpdrides ghycidyt aacaglatep giyeidyl whdthacrylate,
The nonetal l.ic salts useful in this

phenol rga , . o
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: di%ﬁt&ﬁﬁ&iﬂ)@ar’ﬁ@ﬁdte,krh@%ﬂ 0 chtBRSem3tablyRsl | @st%rg,i Zac@fy'l . esters,

e functi‘onalized padl %/(aryl ene et her) "may _ _
phenylgsocyavate, onal i zed pbispprpyhydradphagiphardimethylphenylisocyanate,

ring-functi 1zed I I eth ' fined .
S B L M T -
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wherein each L1-L4 is independently hydrogen, an.. L
desvREYHRP|theeefupnd Bixtunss Hieksphy I hepe sng othepmethorp of fpgming capped

i.S L 4 k I :
oI S0 = SRS e, S 3 0, 5 o
Haliodh at {113 42481348 g Goofsemsn415R P43, 4,60M 402406508 7adrddyn§91,480
toglge%le,% etsél.r; 65%7%?992% %%78}&6&'?,30%6 ,La%d 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 embodiment, the capped poly(arylene ether) may be prepared by
reaction of an uncapped pbly(arylene etherj with an anhydride in an alkenyl aromatic
monomer as solvent. This approach hers the advantage of generating the capped
poly(arylene ether) in a form that can be irnmediately 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 irl the reaction of an uncapped poly(arylene
~ ether) 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 abor/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
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9 WD 2005/ 019340 PCT/ US2003/ 039894 wherein L8 is
hydr ogen, nethyl, or ethyl, and b is an integer from!|l
wo 0004/018md wherein about 0.02 nol e percent torPabUs1002639894
nol e percent of the total L'-L4 substituents in the
ring-functionalized poly(arylene ether) are al kenyl
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preferred to have at | east about 0.1 nole percent,
suhsitatedr eiﬁembdey theredfeauth aboul- nﬁbtlsylmki@zqi@r Jevinylimidazole,

or. alkyny gr oups 0 Wt this.r €.
+RERrRRIpPhe B v SRVt Panour - DsPieRabBRSaine,
2- PﬁZﬁ)@ﬂﬂmemt\ﬂnﬁb (ﬁh@bhwmwpﬁ@h@bcnm 2 lir®! e APRY GsIFhl, are
enyl and/or a kynyl groups. The ring-functionalized

orswoy(eaalm sdlts gichers) foregrapwle tiapidesing se lsmcngn o cutalyam the
b, i K. B0ALLE LARGL! 468, By caderems

orgidmafe)alhaysahe mefidl inz elds Weg!&daafee&tgewh wutle ast ma banydrous
hth|un1 and subse tly react @(ﬁdtn an al kenyl -
PubliFatipas apd Ratets yje %HOHPémhd’ée sitecoin this@rta) kynyl  hal i de

such as propargyl bronmi de. This and other methods for

TH @RRtiBLdIREd Py (hiyNGref theY i RAAbE Z@Qm@%ﬁ&tmhmepoly(arylene
ether) resins are described, for exanp in U S

etlres). e At ring fungtignalized polyéarrisne g be létde’éned ilqrew 3s|a pely(arylene
r)s descri bed

: eﬂﬁé}?gﬂ{@érgsg'gg‘ IISE%%%%E g;,‘&ﬁ}a){ G&W‘#fﬁﬁg | 0 n alized" conprise
repeating structural units having the formula 722 Z 0-.
.z 2 Z" wherein for e@ch structural umt, each Z' is
i ndependent |y hydrogeIC galogen(j%rqgh y or secondary
Cl-C12 al kyl, C-Cl2 am oaIkyI, Cl
phenyl, Cl-Cl2 hal oaljkyl
Cl-C12 halohydrocarbomoxy mher- n at ast two carbon
atons separate the hala X oms, or the
i ke; and each Z2 is G allogen, primary
or secondary C 1-C 12 . 1-C 12 @gm noal kyl, C
1-C 12 hydroxyal kyl, |phefayl, § -Cl12 hal oal kyl, Cl1-C12
hydr ocar bonoxy, Cl - c12 .10 WO 280 /Q%Q 40 ‘
PCT/ US2003/ 039894 han%Vdrocarbon%xy erein at | east
two carbon atons separate the hal ogen and

hydr oxyal kyl ,

wherein each L'-L* is independently hydrogen, an alkenyl group, or an alkynyl group;
wherein the alkenyl group is represented by ' '

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

wherein the alkynyl group is represented by

—QCH2>-—CEC—L8
b



oxygen atons, or the like. Preferably, each Z' is Cl4
al kyl, and each Z2 is hydrogen or nethyl. There is no
w@20osi0cask@r |imtation on the nol ecul ar wei ght POT/US2003/039894
intrinsic viscosity of the functionalized
poly(aryl ene ether). In one enbodi ment, the
wHeRiTp eS8 id liy‘?l?og@ﬁ efh?m& e#91,and Wl§ hh 'Pfﬁ@ée'r #2%h 1 to 4 and wherein
pol y(aryl'ene et her) 'havi ng a nunmber average nol ecul ar
abmlaﬂﬂt mgls neoceabmbomomowleapewmné OﬁﬁlséotahL?b gubMifpents in the

rinde S5 aBy Gane e 4° Pl ot P pOaB eRiRaryidianis

rarfie R layBYpréferied € Hhvd 4t 194 PRt 001 ROWE FraHESHbRpréfdRbly at
conposi tion by reducin |ts vi scosity. In another

leashahont Rrmole pricertp AlkeRy! tangd/er ﬁlgyn)@(gwgss d\lsp within this range, it |

. c I

AR AR 7R GO 1o GhRR0 SN ARS  0 about 1

malepercéritealkenyb andjomdikynyiizlonps. pr ef er abl y about 0.12 to
about 0.30 dL/g, nore preferably about 0.15 to about

-+ .,0.25 dL/g as d hl or of t
T3 o 25 POBLEYIEDE Shes) TR PoiRd

mddé( AFY 808nAE AT hinRintlionaRizad boS Aehd earb) suchr anpdihe,6-
intrinsic viscosity of the corresponding
dimethyinb¢pberilenceathpol yexrte eweliseherifh asprageti gugh| §s n-butyl
lltﬁll}ﬁl J(nr&t Juk&ﬁrggnt }e§§8 k’\{lﬁ% a?lf alI%‘ena/?’I p&i%gﬁ\%ﬁ{ égﬂylltg{;}mqe and/or
tah@fnyl kilfhdb Rechind pmﬁirgplrlﬁbmz@d gl ylﬁdamylbemethetih €or)preparation

These intrinsic. viscositjes my (oX0)
of Zgriynstipaelizeg E%y@wmret% RFEFRys el 133 gaé iegAPRlegin U.S.
a

pafyﬂnﬁ{) 5999631 R K AL e, 000 AMU. Wthin this range,

er ‘average nol'ecul ar weight of at |east about
8,000 AMJU may be preferred, and a nunber average

It will be uhdarstaed ghﬂt tl@f p@r(amler@sqthqbodnscqwddwimw ‘Wagappesd” or

Teléz%c&ord’] mng ?0 k¥10wn

o Bafifiil st i
preferred Such a
.may provide the conpo
of toughness and proc
contenplated to enpl oy
functionalized poly(a
nol ecul ar.. weights a

preferred embodi mento—th

ether) is substanti al
~including al kyl am no
wherein substantiall
functionalized poly(a

b3 R Ge BB oy be

functlonallzed pol y(aryl ene et her)

i rabl e bal ance

.expressly

ast two

ing different

sities.-In a
pol y(aryl ene

‘substituents,

ubstituents,

t he

ains | ess than

sTtion with a d
psgabi lityz'lt is

11

- wherein for each structural unit, each Z' is independently hydrogen, halogen, primary
or secondary C-Cy alkyl, C,-C;; aminoalkyl, C;-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,-Ci; aminoalkyl, C;-C,
Ci-Ci» haloalkyl, C;-Cy; hydrocarbonoxy, C;-Cj,

hydroxyalkyl, phenyl,

10



WO 2005/ 019340 PCT/ US2003/ 039894 about 300
m crograns, preferably |ess than about 100 m crograns,
wobkooabosikc nitrogen per gram of functional i zeRPlCT/US2003/039894
pol y(aryl ene ether). Although many poly(aryl ene
ether)s are synthesized by processes that result in
dk&ﬁﬁfoﬁ@fﬁt\x}}féfél@ (th sFQwé UbStdnt MeRLsSsephfd® (HR' B8N and

n entors have foun at thernoset curing rat es ar
OX}'IgCIll smssdonthe Hke. hRrefdrahiptdadndl isxed apoll yandepetede elsehydmg)m or
5 ubstantially free of am no substituents.:

m?‘ i(aryl ene ether)s substantially free of am no :
substituents may be synthesized directly or generated
Tlliéfe ead pagicdai nmtsudms bn thit @dlepalby (valght enmtsisierssosit9 of the

| east about Al ternatively, if the
fupa#fetallé«ﬁlamowéwﬁaﬁ y%th‘fargu e ‘@t%@?’)boélé“rﬂn&l Hs sampesition may

[ - h
ccpifSE 4 Wil iSngitebd BN SIGIERURES b o0 Hirines egpgg amolecular
waight o pabsautt i 0D 0Featornampasssenia ([ANMDY méfeaably epsv abowtt 5,000

W%é‘ggﬁ}%{&éﬁfyo eﬁ:éj‘?‘{)‘?{ 83’@5@“@? %‘é%“ead uc 01?3@%?<gf>glgf?a¥ylene

ethét) Ghdyop@his &80 i gfe}.‘)ﬁﬁﬁg/ g ?r&te&%gs the ErhFdshisnl ¥edducing its
such bl ends may be prepare reacting a single

vipesisify-ar yl ene ether) with at |east two functionalizing
agent s. For exanple, a poly(arylene ether) may be
%ﬁ?ﬁe)? gmwo&lgnetnm{lé: ?@?g&&@rgﬁgﬁr% gcc):rtnglgseaa ﬁ&%tléﬁ(a’l‘l 744 $86 (arylene
ethiery ahwmgtaadln&iﬂswl aistasiy ()‘cfgxbnutSO 08 ro abotth@B0 deciliters per gram

d@( thglgr?’« %ﬁ}’ ﬁlgo%glyl REyAS ?(i@l[ &atsr)}lprtglvﬁgqu@{)lg((a%ogt 0-15 to about
O.Eﬁ'&f}%gsnﬁkésﬂ a(gl fon:(l;nﬁ Z?SWQfejn llaﬂ (B YntFASE rﬁs%@s%/ of a
t ze

nctional i aryl ene et I'n an anount
funomtpmhsem}g)ly(latyhéne]etmem) wﬁbudry@ﬁbxgxﬂﬁt&tlmfrome thghihtripsic Vi@0sity

rts ht total .of . the functjonaljze: e
o B PP aoB e B Fed ROVGHrERs, e rergely dbssiptrinsic
viSEYIRYBYF a Mcttﬁhﬂhzeﬁrﬁo%(ﬁ@[bﬂg etHeY) \Wﬁb’%&ﬁrdl’lry@e%ftlﬁﬁ 109 of that

use a functionalized ﬁq ene e amount of at

of éh%tulébmﬁlonalweﬁappbl(ajylem| ghar). nﬁlfh@sq) rlgfrmsa:bhzyscgsltles may
‘f ?e as?p%g%%ﬂ}%tegg tcgpzl}l?% nge(ilp e P]lt% ec%llar wm?%ﬁ% ﬁf’ %Eﬁ{a?bdo to

aHoan 28000 MMy Wighin fiiie tmige &dmlrﬂbdﬂ&@eragef mokicianakighedf at least
ol &)pr yl ene et her) amount of up to about 80 parts: %¥
ré ALE M3y drecirafsripdupnd ?snam?a't awaqﬁampkecwr weight of at
1ew§'agﬁﬁt 10/§d0 AME rﬂe{}ﬁ&eg{ﬁ#& MRrdd® ARBQMNIS B 4d Q3ﬁumber
wei ght, stl m)re prefe y up to about 50 parts
awwhmoleﬁnlar conglsiyt itorabbutr 26,600 ovipr magsbearpreferred Such a
olefinic atur.ated nonone Such ol efini
furorefied] e AR e L h O GO Ry thErSETCBIp i fpigeble
bdBHRNEH toughness and processability. It is expressly contemplated to employ

blends of at least two functionalized 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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conpositions described in U S. Patent Nunber 6,352,782
to Yeager et al. Preferred 12 WO 2005/019340
weEansBAON3/ 039894 ol efinically unsat urated nPCIDDE2083/039894
i ncl ude al kenyl aromatic nononers, acryloyl nononers,
allylic nmonomers, and m xtures thereof. Generally, the
abHP 00 mérobiamhs, Sefbdul a4 1hin UBSAT100HBEb gAY P Atotid hltrogen
be about 10 to about 99 parts by weight, based on
ryyasren @yfupgtiogatizedarady(apdenetrsherlynddthewgll inzey poly(arylene ether)s

arg%ﬁt&@l%%@%&?ggthﬁQ%u‘itng the J[n%@?)fag%h lo¥ 1noa rst?thgrgs the

I Nl ca unsa
PRSI ih seht@s }alvkefbyrhd a}iamrthémmwmemm ratesThﬁ: ﬂici@ﬁbd when the
ar omat i c. nononer have t he strycture R16 17

R R e R4 RS eﬂ’ﬁﬁeb%n%‘@ﬁ@’ﬂtgﬂ by disgeh, armimcmbstltuents .
- Pﬁlfy{‘a)‘*leneicgﬁ%g ﬁbﬁtgﬂ}’ajﬂ %Zamﬂbk fituert6- b@rwnthesmed

each R 77is 1 ndependently hydro
dinetitlygengerEiatll By rehtayg gnﬂb—@mztlmkddogglb/(arﬂaae(:&ﬂieas b ,at least

atg)rut éﬂﬁ%lql ﬁt;eqlgti‘izesiy,lgf tﬂ% t4 ct?(g}%h ecl S@]lg@tnaerge et{-ll-qlz}z cggtrgn@g;p.nn‘o
sidsQiRhts Cit TRACHE HediSble@b B fhe 5@&5& FE)?J Atomclmo‘ﬁufﬁwkss than

“aromati ¢ noriomer; when p=2-4, the a mat 1 c
abonn20GAC. | s terned a polyfunctlonal alkenyl aromatic
. nmononer. Suitable alkenyl aromati c nnnoners i ncl ude

t Lyl si 1 B ,
it ERRBPOTG B ACuy e A Bhat fabt it PGTATIZEd gplayiene
etBbmR)1a- mnuieng Yﬁa@rnge R&frdd €rokd Kﬁdlwdtiﬁll}p%?éiﬁk%dand isolated

styrenes such as ¢ Iorostyrene di chl or os yrene,
ﬁmptl@rmﬂ@wbsolyfaéyiene etbplts)roﬁlspmtwelyd sushoblordsymende prepared by -

reflcr:til uo%n&%’ ryglg/ﬁdryle?ee F{hgﬁ)t Wit &L ileas{ ];wc%l %nc%o}{al‘iezqr?g agents. For

| uor

@&Eﬁlafhuim’lﬂafﬂérﬁnethe@nﬂlaﬂiﬁb |rd:dé&:,d klaﬂhogﬁcﬂaiapﬂng agents, or a
yl. styrenes such as chl oronet hyl styrene, t he
pcplyﬁaévlersﬂ RiBY) P bpauctalined apd reagied ol tye éWéaturated alkylating

a0 XI}{ ShytheNGeeriiide tahl%h)étﬂlljé of apf%aéfftwggﬂbb&ﬁ?ﬂen@‘lﬂlﬁ@ﬁ%sms may

aromati c- nononers such as 1 Ivin ene
bel redetdd wiithyal siiegle &metiorhlizingiagenty | benzene,
trivinyl benzenes, 1, 3-diisopropenyl benzene,
xtures:

T For bR A PR AR g AR A p S e e iea T i of

cathpHEiid Ebd®NaBRIbSUt IMparts by weight per 100 parts by weight total of the
functionalized pon(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) arﬂount 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
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the foregoing substituted styrenes for which no
substituent position is specified, the substituents

wWOorRos0oswpy any free position on the aromati c PCTUS2008039894
WD 2005/ 019340 PCT/ US2003/ 039894 Preferred al kenyl
aromati ¢ nononers include styrene,

oléﬂrﬁm ”Eﬁﬁ)ﬂrﬁ%i Iﬁgﬁom&s M@l‘hhé’ |z§l§éﬁryF NfomaidBhdhmers, acryloyl
styrene - styrene, 2-t-butylstyrene,

m&cmndnuteyllyht yn@menerzl; ard- inixtyres ttherenfe, Generally, the amount of the

3-divin ene, in zene : .
olgfieafy o BBl b ot B REEREL % Ryt einysite based
on2000 thaeis | bk vei @i diofl XS EIRS fGRABAIIZED DAY (atyRet ctBG £Hd the

the foregoing al kenyl aromatic nononers. Preferred
olefinkeatlylungatenatedimonasiimer s further i ncl ude styrenes

having from1l to 5 hal ogen substituents on the

r .

IR A B L o5 AL Sl SRl ihomer
Tl&ra&eﬁ@l‘ﬂ]‘&mamafﬂoylomemnhﬁhdl\& the stoachwraer ous sour ces.

They may al so be prepared by nethods known in the art.
When t he oIefinicaIIy unsat ur at ed nononer conprises an
‘al kenyl aromatic it preferably may be used

in an anount of bout 0 a 0 parts by wei ght
per 100 parts by weig t of tpe f nﬁ) onal i zed
pol y(aryl ene ethler) an kenyf“a*? C nmononer.
Wthin this rangg, it ef erded ge an

al kenyl aronatic \ fboney anou f at |east about 20

parts by weight, nore prePerably at |east about. 30
parts by weight. Also within this range, it nmay be

RS, Ay S b ST LI, R .
alktymyl, ahcm.g anld, qratht &k&yeam ts, ingependanitle hydeigen,dalogenpC,-C,
a1 Gobiralbepare B %h{lke it o & B0 9 S, Thebutforp

anH SRt Urated roRPREr WIRY pe@ MMl ifnd N aReialic AHdndMR A8 ®med a
I'n oné enbodi ment, the acryloyl nmononmer conpri ses at

mmémctnond atkeyyloyptonmtice mpnheei; nghehep=2s4.r tlet wikeny) aen@tic
m?ﬁ?(ﬂrrl% gléﬁ’em&%_ tfﬂl)%ﬂf(csllo?aﬂ ali(?1 3 %Foerﬂa IC H’ﬂggg\%ﬁgg ﬁa{glch)élkgnyl
ar@fisti RADnomyrsbclids pesa, alpﬂlb]&xlietk’l?yl ﬁyﬁhe t dlpis ethlotyteneh &lpha-
' 1sc§:parlgpbycl)srgyr%r?g bce)ﬂpha -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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doubl e bond. Preferably, R18 and R19 are each
i ndependently hydrogen or nethyl. In one enbodi nent,
w0 bsacasyd oyl nononmer conprises at | east two aeCyis3h3/039894
noieties 14 WD 2005/019340 PCT/ US2003/ 039894 havi ng
t he above structure and is ternmed a pol yfunctiona

Pr@fé?r)éh oXllkeIW? NQELatic! ThonBhREsh $icI&dd %gjréfreg ;zrlpﬁahﬁleﬁﬁlis\'}r&% 2-

nonomer conprises at | east three a nol et Ires
mbthyhngerlth}nsdﬂMHthe ueteathglstyirenep A¢-batpthsspiens ri-{-buthistyrene, 4-

e o PG BT c o vimseRean®! 3 R outiheaihenzene
1 MQS(%? E)eﬁz'i'ﬁl@ hreRande Bﬁd mlmws%ﬂ{pns% £eldastloky of the
2 al enyl C6- C18 aa&ﬁ, Cr-C

foesigleipig-alltnst hiomtadd mcmomers @I@daaﬂlgqnylsmmatlt: masgmers further

o B PSPy, B RS RP a

mixtytkes emb@islﬁgﬂteehsabﬁ@swn anlbgmated styrerie. | €, fornyl,
carboxyl ate, im date, thiocarboxylate, or the Iike.

eferabl —R20- R22 are each |nde ] ntIy ogen or
Alker Hyfroma HE GREAUPE drreATmaTFial % AV ol PSR scdces.

THYHMY S1§&5bAbrep£8S by dhodS kY |n theitet i es having the
structure above. I'n another enbodi nent, the acryl oyl

. nmononer conprises at |least three acryloyl noi eties .
Whey ith¢golt=fﬁmczsl rwaturaéedamwerl\mmprﬁwm aliserll agmatignenomer,

it Fef%(raﬁgtm%p Qﬁbﬂgedzla%f/ fﬁ%@é}% %Qﬁg’t 1§ tgeagé)gtf %;k:b&%jﬁ)d welggt per .

10or péresr bedveqghibactiaenthe funeti@atiyédpdly(ylone ethoByandnihe Ladienyl
conmpounds havijn | east two acr¥lo yl noieti

ARHATEE ROBOMA r‘éh}%frbﬁl& 13PeS imay Bapielqrridde use Ay p@g?pyl aromatic
mmrﬁér' ATouREbf Qpﬂessq %&u d et é}den gé\wngﬁt ﬁf@@p}e%éamy% K& about

onpounds produced tion.of an acrylic or
3(hpmtraby weightacAldo vwltlhn ahld|ra1@oxt| ey bsywbferrsd to use an alkenyl

anfiRfs TPk et 12t Fhut B pR Sl Mo el w to
ab%ﬁﬁﬂ@'pﬁﬁs bpcldigle, Jetdmbret %@Hb(l)j' uplitglapeitdst padeeby weight, still

géacr yl at e, blsphenol A di gl ycidyl et her
mawems@fﬁ Ixunioaboid prsts By ey yeol ~ di gl yei dyl et her
di (meth)acrylate, and the like. Al so included as-

T@B%hﬂ%&llﬂﬂ&%ﬁﬁd Q’ﬁ(ﬁlorn{k? may comprise an acryloyl monomer. In one

embodiment, the acryloyl monomer comprises at least one acryloyl moiety having the

A
Y

wherein R'® and R'® are each independently hydrogen, C,-C,; alkyl, or the like; and

structure

O—=0

v
Avvy

18 19

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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condensati on of reactive acrylate or nethacryl ate
conpounds with al cohols or amnes 15 WO 2005/019340
wWEFoDSBAON3/ 039894 to produce the resulting PCT/US2003/039894
pol yfunctional acrylates or polyfunctional
acryl am des. Exanpl es include
haWiny e SAbdvO e @xdee s by (é?ﬁt:@)aaﬁé%ﬁfi\ml&ﬁl acryloyl monomer. In
. nme hylenebls((nEth)acry am de hexanet hyl enebi
ang(h(:nemh@d;mem, ateyloyl moxgmlgrmgmq:seghlmt three acryloyl moieties

htrl%&é Vg Ian1de)
B )acrylan1de)propoxy) et hane,

bet a- ((neth)acrylan1de) et hyl acryl ate, ethylene glyco
Inchrle( érebduimenty it edryloyl dioabimygt eopgsegcalleast one acryloyl moiety

dl(neth)acrylate tetraet hyl ene gl ycol
~ haying;the HIUEEHG| at egl ycerol  di (neth)acryl ate, gl ycero
tri(nmeth)acrylate, 1,3-propylene glyco
di (nmeth)acryl ate, dipropyl eneglycoly di (neth)acryl
ate,, 1,4-butanediol di nethB%grylat -
1,2,4-butanetriol tri(/meth)dcryl ate,
1, 6- hexanedi ol di (et h)@cryl atle, 1, 43@

I (jret h) acryl at e

, 5- pent anedi ol

~di(nmeth)acrylate, | ,4
di (meth)acryl ate,

cl ohexanedi ol

pentaerythritoltetra(
. di(nmeth)acrylate, tri 2
‘trimethyl ol propane tri ( h) acr yRat e)/,
1, 3,5-triacryl oyl hexahydto-1, 3,5-triazine,
2,2-bis(4-(2- (neth)acryloxyethoxy)phenyl)propane

wl;’eéaan@(ﬁﬂ(ﬁe(éﬁeh hha@ﬂexhéamehmésgen £ 2C;; alkyl, C,-C); alkenyl,

br onopheny

c@c'g- B Gt wedlKylesbyitbieg) wbngi-fios opdrabstituted alkyl, Cr-Coy
alkdx c%) h&()& gﬁé%ﬂ Ja% f3C Cdl Qﬁ(?mgﬁtﬂréd) Q@P&ﬁ/@aﬁb?nyl

ture r's eas
Cgﬂg ﬁnwagemngwacnmhﬁyhnhmnmnemaﬂeItﬁmmyn barboxylste st madate,

thltoggrtPg)Mtﬂgt%o{”r ‘%ﬁﬁrniaé’lrf %[gfeaﬂ)ly, e;rﬁ?egglgﬁr}%éagr@tegﬁx Bydrogen or
m:ELEHgP”H{éné é}ﬁb?{ﬁﬁeﬁtr iyl Bﬁﬁ&ﬁ&ecérﬁlbl{s’g?tah)eggtrWoa&&yloyl

, b- hexanedi et h) acryl ate, ethylene gly ,
molie(ierehdvimgs thel mgi;urqoabqyyl dn emgﬂhyn ormboctin(en'ettllrp) aaylpylamenomer

| oh th t h. l.a
Skt e N R S AT
di (nmeth)acryl ate, triethylene glyco
Many reidijoaer suadite dcsabammdnarichy aes Ydesdribedcite | 108exBiblished

th | at th | at t hyl
AmEegmey QB0 10 Fwer 4 a1 butyl el eat e

glycidyl (meth)acrylate, ethyl (meth)acryl ate,
InZr Sehted @od{ni®k htha Qe R ﬁlonbﬁ?éb’ }naﬁ ﬁﬁ@ﬁ&) &ﬁﬁﬁ@uﬁh@havmg at

l'auryl (meth)acryl ate, “stearyl acryl ate, decyl
leqstrevio) awylpylatmictieo gtey | meluedle) m@reypmf@ablanzd lehes thrdeeacryloyl
: mgiré esmp)é} Uh&Redld np'ilﬁusi e:atex!ir(rel}%1 ets 20fd fcotrrpp(%)unds 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
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foregoi ng acryl oyl nononmers. Acryl oyl nononers are
comercially avail able from nunerous sources. They may
WwW@bk®e/0ms4pr epared by nmet hods known in the art.PAQBUYED03/039894
2005/ 019340 PCT/ US2003/039894 When the olefinically
~ unsaturated nononer conprises an acryloyl nonomer, it
P, n t..0 . 10t -
oS8 ARy P RE PR orPboS ey  Rrviamides
Exaotpdds of the fimnktleonal i zed Ndlgig@rhylderxyethyhengthmaylamide,

m%FQF%&’E%{i&%/ba I‘fganQ ;cry\lyy;: qrﬁ)al e aﬁ’ﬂ%ﬁ% (mgn?x%ﬁtr)}%amide) B

dlétﬁﬁéﬁetﬁﬁ}ﬁﬁk 5r1§(@h5t§)é@bylé&ﬁid€ﬁt ,blsl('g’d'nﬂnﬁl‘(@ﬁ&lﬁ)@&ly}énﬁﬁe)propoxy)
hi's

| east about 10 parts Also within't

cthanag @etar((mqt@acméarp;d@) @th)é@fl%éteu §€1yé¢neaglryy¢losil((m@h)§iﬁmlate))

dl%gq]@ e aég olllpdl(?lgth %c(%%te?’ Oe%%{tl%ﬁexﬁe\/ %\;:gciog h{ii(mgt?l a%ll%ateglycerol

dl@lﬁe&fl)aé@wtél glpcdrol A npdihayhle, V\EB-ghipyle'ﬁB egl9d:cﬂf dl(lhé)ta)dcyylate
unsat ur at ed nononer may conprise an allylic npnone

dipgeryersglycel dibnrarylre. hd-Biapsniot diBTYTa o fgrt- Elﬂtﬁ@emol
tngﬁn%thgi@% atone all VF h@fgéalo ifdi)acryiRECLY. 114 Q?&ohcxanedlol

the allyl'ic monomer” conprises at’ | east two
dlmdtly]acrylam elt,4 bmzem’dldrrﬁ(m@h)aetrytaw|mmat:ryﬂtrhelteata[1ybuhhacrylate
least thre noi et i

| |yl
LSRR ol | PR B hASOHERS | nrTaLitolappasany LiRepagpate
tnﬁﬁﬂ%}ﬂﬂﬁr»o gheal | Ml(meﬂf)id’r‘ﬂb@? e, O Qlthé{érylﬁﬂ’l@m}ﬂafcﬁl 8,5-triazine,

triall mellitate, trial i)‘prresate triallyl
2, bbistE @neth)arcrymyythozsy)ahmy EPapg,i al | yl i socyanur at e,

b S G o0~
2 I-ba;((@e(remﬂs)MryIMymhyn)h)w@aaer egul ar hor i rregul ar shape.
spheric

: I , dl .
2 %ﬁ%@dme&@@g@gﬁé%? gjtlbrlomé)ﬁ eny, g}pag‘ﬁa ?Eg ar?d mixtures
inak 1A% & &m&geﬁfg\@cg%&l %bnierse IF@HPBé bR¥stood that

dlspersed in th e conposi tion Rhas no |inear dinmension
thgfragment “(theth)at000’ deantssreitlear Sacrpk eorinatthacryls™ | i near
di mensi on greater than about 500. nanoneters, nore

Hi%hgrf ﬁre‘rf‘é}re\é n@rgioy ?1?(?110 e'fga nl’?(!]l?(ﬂ: tr%%ﬁ%lgfl%&fﬁg tri QtlﬁSacrylate

anomet ar nor e prefer
1,6lheeameidoh dgmﬂt)e&rylatbara:t}ﬂ;ﬂ)enenglpm‘redl(aﬁeth)aemme np}bpylene glycol
&éeferabl y no linear d rrenS|é) %{eater than 1
GiBREDVEE. The filleF oherereadimstianel resi n configmetacrylate,

T
di(jheip)apsf&e t 0o nasvbbinyl(ereth)acrylate, cyclohexyl (meth)acrylate,
butyl(meth)acrylate, methyl (meth)acrylate, dibutyl fumarate, dibutyl maleate, glycidyl
(meth)acrylate, ethyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, hexyl
(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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When di spersed in the curable conposition, the

nanofiller may be distributed in either a continuous
w@b@s®193mul ti pl e conti nuous phases when nore tPEIUSIVE3/039894

continuous phase is present, or a. dispersed phase.

The nanofiller may, optionally, have an aspect ratio
B S i B S R S SR
" prefatabty why &t useshisr anadpoonnt bF about1l, torabioet P phrty bypivgight per 100

M &8@%5 't?gagﬁthesmc 10%‘?2 05@2@?’%@%&5@ 139gsthe acryloyl

m&kwsr 100hihGhid raréEN MBTR RERFEd &Pl adtachBddima@daie amount

300 to 1. The nanofiller is al so not restrlcted by

of st asisitorb A parelby tveight.anotedirefseabyt ddeast ploutilAdars byveight.
fil e

AR i SCHRR 0 gk bt Bt Red B3 A0 Rl ORI afiunc of up
to pbametot paes Hyo;veaglupmpaspfefewblydup to aboupad partd by tweighf, et more

that a hi proportiaon of the atons of the nanofiller
PrefsERblpuny q% rgByMa@tof the nanofiller particle and

can i nteract MAth the resin conponents. Nanofillers

THEN e fiGiOAB) iRktupREP RdnoMEE Alay Q?Sinﬁ%e A 91'13549%' Iﬂgncﬂﬁérn An allylic
group net'al oxi des such as alum num oxide and

mommu isi o organigl courpeied eameprisang ohéeast oppabylof-GrheCH=CH;)
mglg gmlrcl{;nn%)“ rglsgx’hmen athe 'cﬁfly'ilg r%ﬁf?dmg éggghny%t & ieﬂt two allyl

perovski ayere

moRtiey. | Rl zﬁmothef iefibotiingent, i the a gAY moﬁl&haf ¢cﬂ1h;ﬁlse§iﬁdleh§1€three allyl
i ke; -and conbi nati ons of the f or egoi ng. IIIustratlvg
m@‘P“‘Eﬁs eftableptiylic amonpes  iflddey for jsragple tadlyh pgnzene, diallyl

h\ﬁ@f] Hmlglx' ﬁ%gg LAY rtﬁg]lylnﬁteﬁftétél %néﬂgf[ X?é’g'aféeltﬁalﬂn 1%enzenes,

|nc |cates ustrativ such
trigdyle x:yzaiu&tar eriallyheisedyaeureteaymixitures ahereefy cpartig polymerization

nt nori | non i.te, beidellite, vol konskoite,
mﬁ@%?%@”?%eggﬁﬁgﬁWTé na D@@nlte magadiite, kenyaite;

and vermculite. O her useful Ilayered materials

Narvgillegteustd id e capesiabs zchlavas réglirkor et shape. They may
adm xtures of illites wt the clay m neral s naned

beaplgtedets,Cibss, spherical. pesids sbppeds agglamerates @ e othgy shapg or -

coRBERIEn P ES 15T VS BTrengiler dipnsrast iy e compgiton has

nd hotandbmesdidbograies tharc h0e(s nEl&!ﬁicﬂemnﬂreFﬂﬁm’ no linear dlmenswn
chal cogeni des such as Ti S2

ErERIGHMA ARPY P 0GR B PIpES PETE RO 4GOS ETenygl Faatt than

ablghi Nb@langh@tex'?_’sv‘%tlﬁs%ore E\&f&h@wﬁ 8{Q)711n53r3men§@ Qfarzthan 10
VOPO4- - 2H20, H2O, A 10033,

naapuietene ev¢n<@orméf6mbly ay linead dan@lsmnbgrﬁatﬁratham aagemeter. The
filfgt z?cfdeg |t8 fh Crley gecc}ntfpo%gntts q%!ly Q%%Sn?ee%”m%‘%’& Is?zr(@l,d aggregate of

- nanofiller that upon formation of the curable composition disperses 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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and intercal ated between |ayers or fibrils with an
organophilic intercal ant which weakens the interlayer
W@ olvemi9se0 ener gy between |ayers and fibrils bypcmekionsngs9so4
the interlayer or interfibril distances. In a
preferred enbodi ment, the intercalant or intercalants
stlllr]ﬁ&@ %ﬁ%ertagl? af mlaa&ﬂogf 10d 86 1286krIABI &reRblyf zﬂ@eds%? 300 to
or fibrils wWith the resin ¢onponents of the curab
l.conposition by having attractive interactions mnth.
both the surfaces of the fibrils or Iayers and t he :
ntercal c n :
TR S R P el Bl BRIl e B Bisinea hat the
1nd§l&§161li refdaip kdwwnswendfilleg iageHat Surablel&msaﬂﬁﬁlvﬂlﬂgBéQJseful
PCT/ US2003/ 039894 intercal ants which function to
Nanogitlgrs san PHYIdOHERIHTIRG PIOPGIighEp HEARPHYIYT dycna P%li»é? the fact
th& hﬁ%ﬂﬁéf@' snw nt O gﬁ atbHis 3! e Q{anSHL@rdregamsths Q@ B the
sonet s'referred to as "conpatibilizing agents” and
nanofildercpdracilt sanidhedn finteratt eithathe sweeinl ¢ompcagetat s Nanaffillers may

conpatf INRI4 WA enIs re sonetines ferred
coRBUR FITRGFCBNBRET T Tl edyatesoub Mgl oS ek s Hagminum
oxidY arkEtrattiondHemMokiatOsudheusi dhe & I8 lof @he tidhRid bRided; metal
spaces by either insertion, in the case of neutra
carhiflesc a¢raiet materiady; cesastian @ass; perevskitess deyesyd inersnicTaterials;
t [ olid,
ﬁl%rma? fng@éa%ﬂ: n?iatlgHXls aﬁld e [1?% Uh& goﬁqpléutrag s aocnft lgg 12)% )ﬁ%b
|ntroduced |nto the spaces between every |ayer or
IHistiative ,of meefinl ‘I]'lbrlﬁa«emyteha})seire umogolbe iahd vemadiaurh anxdpte. Layered

a3 waaehign SERE bbb, Rt ath dhaials are

snseraherae,t ﬁﬂﬁe?als%%ﬁ ap h%nﬂﬂ@@[ﬁdﬂlﬂeeﬁ%tfdhﬁt‘é hegiddingl, YeRkonskoite,
| ayered inorganic materi al s. ?yplca fy, t he

helc@yléer, ef@pbmtsx gantanitentmeagadiitec samraitse end dpaniculitgyiQrhen wesful
la%eio PEP ﬁ'ﬁ{] %alg d]?csé%e h@tﬁ é?]nggrai)s suclli rj‘l Ir"etdik\{tgl dfaldl%)gg{es-iog 11Ueéw1th

-are descri

thPalay n{\beralslhaﬂﬁa AB&. t@thblsmﬂéful ¢dyeadd. maReyile peathetlayeped double
exanpl es of swell abl e |ayered |nor3§n|c mat eri al s

wiarbnssidens ol 81 B ) B3 TSl include
ch'mel? LlSOFEéE’anB%@n chQcogeRRied8hdH aseTlsz, MoS,, and MoS;;

ons oite, hectorite, saponite, saucon
cyamgefdsuCh as Naﬁimbmnd axidesksaply a$ HeSizd Ws@an“JIJNbOe Cro.5Vo552,

Wﬁa‘za 9 8?% %’@ 8&@3%%8 g§¥§&¢ﬁé3@%%ﬁ§sm--mo

AMIE[O: N th HRe.be used . provi ded t-hey can be
intercal ated with swel ling agents that expand the|r

interlayer aci ng. Conversely ered materi

Useawli laypreshand ghralrleg‘emmawq%%albrw% daosg thatt f@are é?&%fh swallen
: an'aem?e%a?at {) bei\p&:nmag?raf A ibHls n@)fha% Sr#laﬁoﬂﬁl?cg IRERYIaAE Yhich

can be interc ted with swe
weakens the interlayer cohesive energy between layers and fibrils by swelling the

interlayer or interfibril distances. In a preferred embodiment, 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 interactions 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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agents that expand their interlayer spacing. M xtures

of one or nore such materials nay al so be enpl oyed.
wadashiomal representative exanpl es of | ayer edPCT/US2003/039894

materials include illite mnerals such as |ledikite;

the | ayered doubl e hydroxi des or m xed net al

. i . 1
inREAREL e RulgR T ik HAS: e Aok b ARl Sl bEREers or
fibpids7 with thé98&phle whi airedhavoeppsisioni el pombtinge drefeargdr & as
., and exchangeable anions in the interlayer spaces;
CQRPABIISE SHERS o e EYercalipls HBE TINGdion db Gari i abg and
idiligag abkhePare 30 eMMRSBre féreANb 48 Sswallikh/ @ tib s agents."”
O e 0 OF Sl g r%agel_q ;
Theriptegoaianssmay \we . ipyoduged intorthopteriayen poMpterfibril spaces by either
. VOPOA- - 2H2 - : - - H20, 3,
sk i ARk of et o SR o ) R e A PR B G e
intefahhf3 193¢ Ge RaFO IS O3 /thS 9&a# of medodid] sihsidpgas, or solute. The
. multi-layer aggregates having little or no charaﬁwﬁn '
- -intercalagtsrmae be gptredysed frig dhes spagss Reiseh EVeRY dayss i Vitaidgnearly
e Hn C t .t LRJ S ateri
e P B B el i P ML o 8BRS al AR atrial
Intemakntsiweh beatel siedly onaya ainslonggeon dipteeykdts. The '
preferred swellable |ayered inorganics include those

 hayi the, | d_exch ble..i .
sk oS BP0 bl F B A0S BRI TR oSty
th€ Rjerd@ incﬁ%&ﬁﬁtﬁﬂ@t@dal dongirseaialsts Byving bwe ssish@geacesitlidd may be
~ions, preferably oniumions such as ammoni um cati gons,
relgfiveli déat | reslighfin®uysdanticeompistialisarer drseribes db U hePat. No.
4, yb%ggé{oaﬁ@bllia& alpﬁ%{)fegén‘%acth Oy i tﬁfzg\?el b]es‘m%#edt iﬁgrganic

|y, the negative charge surface’o
maewidl$ afelelel thy @roeghnin biygadisdicaws enclahs mostnadrillopast nd@ronite,

i |.li equival.ents, f bly.at | t. 50 .. :
beifel . JalKPAMEHEs, eRifi o EPoBiter GPUBRer FBRRedie, gndgpentic
keRVdife! SRAWFRIRNES OtRE! ay Q8 nihicd s & muhtfayBidd Adorddated chaving

material .. Partlcularlﬁtpreferred are inorganic

litlageneghargs ph thet wefaegiehthadayesnmey alsp (bgnised provided they can be

..non njt.e, i.dellite ' it tQri.te,

QR At S SHOHRIE Fyc IOE BEEE, v

layeead mtietiels dadingomiraoharizé dinttRoselavviogsly cicsd 20h @s hleimbers of
equi valents to 150 m | ]iequjval ents per. 100 grans )

thergigs famnily meyerlsg peds Mvad&ﬂél%g@} Be InifGRlgH with swelling

agPRE Shdt BxParfdf ﬁléirnﬁfeﬂé‘ﬂgrc‘s hAYE Itk siel 08 3hE Dr MAHE Rbcimaterials
the I f 2°to 1.2

negati ve charge on ayefs ranging fromO0.2 t
mphalsqlesempioyddor nul a unit, nost preferred are
i norgani c |layered silicates having a negative charge

A(?d?tict)nha? relp{f1 sgﬂt%tixceagxglmrf)ges of layered materials include illite minerals such as

 ledikite; the layered double hydroxides or mixed metal hydroxides such as
MggAl; 4(OH),58(CO5); 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 ReCl;y and FeOCl; chalcogenides such as
TiS;, MoS;, and MoS3; cyanides such as Ni(CN),; and oxides such as H;Si,0s, V5013,
HTiNbOs, CrosVos5S2, Wo2V25807, Cr;0s, MoO3(OH),, VOPO,--2H,0, CaPO4CH;--
H,0, MnHAsO,4--H,0, AgeMo,¢0s3, and the like Other swellable layered inorganic
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fromO0.2 to 0.9 charges per fornula unit and a
comensur at e nunber of exchangeable cations in the
w0 ndoenisyer spaces. The swel | abl e | ayered i norp@nius2003/039894
mat eri al can be rendered organophilic by a process
known as "intercal ation" that conprises introducing _
mdtEi ¢ QQInmﬁ-ﬁfa}&f‘% ?Ate@ﬁa\%@ﬁlgfedor 80 RAAES )on' At Quifi& of the
I nterlayer or spaces of the swell able
layess) may @lsorhsy vgsadupcowded they alan Ibg inferdatated with rsweBmg jgants that
t he case of,_ ne or|o X n
et P So@iieF ¥ e, AR Eone G 0B, S DRy oy W6 be
enipléyedl| ayer spacing of the swellable |ayered inorganic
materi aI The term"interlayer or interfi br|I space or
spacing” is._nmeant herein the distance bet
Thegeeerred swﬂ&abieawrrgd Blorganiesd neld 9% B iR FArges nn. (thg layers
anfj L kG %iseemﬁg sih nar?vsoallil nggﬁ§s1ﬁm}’arm3ca¢8iﬁxﬁ%@g&ﬁ Wich can be
ar.ger speC| es o he sa charge such as, f -
exehangpd, eprefelr@l;ebg han gaacmfngs,odambmoox, wafembdunonmm uptishsugh as
oni um Cﬁ { mat eri al g@gri beﬁ1 multi-lamellar
B L Vi (1 ) %‘Efa? A€ o ‘F“’é wgcga*pga%% FySt g mutti-lame

palti &' toareimihfgiod Rweh: aT?’ﬂl@ﬁH" tife hofafiVe CHIEEEES theOfurfab®of the
| ayer spacing prior w be referred to 20 WO

swelighle tavemdoneeamicspeuRl s 98 Bast 29 midliequiratantss Peaferably at least.
SO )t o FEELPRELAN, B30 0B, ERU R RALALGEG oo

graras efi thesmaltdayeosdmomteridtn Ganicakrlyopgémed| agsinofganic layered

Intercalants act to weaken the i er cohesi ve
sil eﬁeﬁgwh as R oHE. @qwr@mt%yg?lgdb 13 yptkanskgite, hectorite,

sa;%émt‘ét is@ftohfe, Hﬁ%ﬁﬁﬁ@ Qe keRyaRal Rt hbdtord@daRio Rtinfidoionite
l'ayers Wi th thé matrix by having attractive

havimgeframt 2@ millfeghivielents tohé S0 ayidlissuivatentst herr 10G gramhy enaterial.
Preﬁ:?r?(g EN.IIEIL g)li]e lm/%‘ (? ﬁg)péa%é Tgt%n%létgteelrggraglg%gt %)/ere\ﬁ sbhcates having a
nefratbie dhargdeaar thy 18)éey Mngiay €fon®0.X 1ob.2 Ich@rped pee fBM@ilh &bit emost

I ayered  inorganic material, or a signjficant fraction,
preferredh are|ingraanic kyyererisilicatss hatipg g ngeativg gharge on the layers ranging -

frorh 6t2|r t%@&kf%g%/és :})tefefo%lu ngﬁ a{n'ataocotnnﬁeﬂsﬂlta?erlll 1 é)gE)?rﬁénégable

abl’e naterials are nown to _
caakmshhehabnnterlay@'saactes See, for exanple, U S. Pat. No.
4,889,885 to Usuki et al. It is not intended t hat
t hes thods, are limt
TS SRR ueTR BloZaaricrafeiol fart Py pHREGH B BPRER 3 Dhrgeess
kn@v@Udd tiftefcalaBiaf't thatebmiptifte ifwsdwRaR @lerédimts tr&ylﬁﬁlsoﬂéharged
the |l ayered material and displaces, totall

sppeie®) , infeh theointeglagen of Brierfibghgpaces of 'the swellable layered inorganic

material by either insertion, in the case of neutral molecules, or ion exchange, 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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bonds to the surface of the |ayers. These functiona
groups that are reactive with the polyner include
wopmseop | i c or el ectrophilic functional groupsT/UkBN3/039894
are capable of electrophilic or nucleophilic
di spl acement reactions, coupling reactions and varying
as ahrlﬂteﬁﬁﬁl'ﬂédnlﬂat%ﬁﬁlc Th%%scrﬁ?ﬁﬁ%’l&ﬁn@lﬁd%’tﬁbsé 14GEd ﬁﬁ?clrlals that
groups include am no, carboxy, acyl halide,” acyl oxy,
hakg dbesay rem@mymrgmp,phuma Sech hadterialeparey commonly known as
%ﬁ@cglorohydrln and the like. Suitable intercalants
OrgarOf et wat er - sol ubl e pol yners, oni um conpounds such
as an ammoni um phosphoni um or sul foniumsalt,
TRMhatcgmts sorfoasalamt thee iteddyes  cohbsivd reaergszonyocswadﬁl.g the
or ganosi | ane coggounds and. m xtures thereof
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ol SBb PGB s 0P L 40050 4030 s g
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. ethyl ene glycol and propyl ene glycol, or propyl ene
Pfeditst . Representative exanpl es of oni um conpounds
that can be enployed as organic intercalants include
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layess phthsclgyeredmatisabend displages, é@tallw\m in parefthe oeiginal ions, and
bog?i? ?,P:{k%y Iil}[fg&wgﬁ?la l‘lma)éegﬁ '[th%s | Hl%ftlil(a‘l o%%g ?lga? %ﬁ Teactlve with the
polyh@ENingde autleoptakade Ce}/dctrbphlﬁetfhxydtloﬁmﬁmupmt}&a|ate, capable of
di hexadecyl dinethyl —anmmonium salt, tetradecyl
el%qtmﬁ%@lﬁyqr nelesRhilifmdisplacement; reagtiongeeqHpling rf%%qteyps and varying
‘ I I
ey Ky e St ot T e CATA R ety
acgiimiidd, weyleay.t hydgorat esacganatamreidouhleatpesyc opntclallomhwgrm and
th ﬁgstltuents i ncor porating pol yoxyal kyl ene segnents
G sal ts of pol yoxyal kyl ene polyani nes, such as the
JEFFAM NE(r) products of Huntsman Corp. Representative

SeBRPIneScalintd helwrphatesdiehls wofyaees, agliin ecoagoihds §tAtas an

can be enpl oyed
ammonium, phosphonium or sulfonium salt, amphoteric surface- active agents, choline

compounds, organosilane compounds, and mixtures thereof.

Representative 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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as organic intercalants include surfactants having an

al i phatic amne cationic noiety and a carboxyl,
waeosatsqso sul fonate, or phosphate as the ani onPCT/US2003/039894
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sul%s?lﬂ%hhszéicg}gofa gl 01190 mgf‘;% l@éﬁ?rgs aaﬁlg / 8fkhs SN alg?)iyalkylene

ranc quat e um's or sui
polydindries osnah by e JEEFQMINB@ arduas opHumdsan &erpi scl osed
in WD 93/11190, pages 9-21. Organic material s other
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and acebonylatufdte, sylfmete, prphosphste aSSthaﬁmpmcen@aﬂyat ed
silicate having a layer thickness of from7 Angstrons
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int&ehlaai| éndladeof IHOEGHSCHMN(ICHIR ] GH y h€e aCINOj g@gf\i&.&NOC4H506,
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InterfaC| al Properties -of POSS-Nanofillers,"” J.
RePRiéflatvcetxadlples HMTBF faﬁ@i‘laﬁ’@%@h@@ﬁn@%h@&% N@%ﬁﬂ)l%@@zas the

eting, Session M Poster Session IV
orgainictipterdalants léplgdml@m@g?:rﬁ%@fﬂlmﬂaaps/ abs/ S4735035. h .
tm). PGCSS nanofillers _

(")nSIR(4-n-m)R m

~where (--) is a covalent bond to the surface of the layered material; mis 0, 1 or 2; n is
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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are also commercially avail able as, for exanple,
1,3,5,7,9, 11, 13, 15- Cct a( 2-

walzmbbosaret hyl si |l yl) et hyl ) pentacycl o-[9. 5. 1. ' BGr/0S003639894
.17,13] octasiloxane (Chem cal Abstracts Registry No.
314727-18-9), Cctakis(tetranethyl amoni um

chARNRENREP] Guaterhady3' Snhanihry 14alts 1 Hn@f AShltBI RN §udctionalized
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orgabetilaac tempagidsasylisdtpsed 96W D 231 4190, pages 9-21.
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Ok oo R RS o oI Mt

intéxeAAAR YproBdéd el eamde dhiteichiated Betwédnethe iln@kiofthe multilayered
nano- di spersed powders conprisi ng nanoscal e powders :
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exanple, in US. Patent No. 6,652,967 to Yadav et
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12370 2005/ 019340 PCT/ US2003/ 039894 Car boLex J nc. ;
Mdehiegcar bon Seasiohi bers ®33;fi bri | Bosttravi ng dSeasmeners of IV

bout 10 to , about onet.er rciall
(R0 abns Feo R pOt RBREREPT SRS SATEHRUE obQpS nanofilers
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pehtacyeid9 snbpdi1Ent’, Jodresiloamed1,8)5¢7,9,i $,13 1 5sicenkis( ybxiyle) .

free of conductive carhon. |n ' enbodi t, th
iR herBic e stiags RS o cEIRAICAS Do Bos At rh 15
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such as yor exanpl e, carbon nanotubes having Iengtﬁs

Nd. 6965 % Fxih), bU) @@aitebirofien ldricle Ghtroisak Corapanyhavi n g
lengths |l ess than 1000 nanoneters, and graphite

Suﬁgbrnlé irrrgaltngﬁlslgrgvfiuﬂgern%c{uidg er?arno-q{igﬁgﬁgh oﬂ%vﬂf’e%a&?rﬁplti;}@ n;!n%)sga]e

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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The conposition may conprise the nanofiller in an

anount of about 0.5 to about 80 weight percent, based
womoshestot al wei ght of the conposition. Wt hi PCT/$®03/039894

range, it may be preferred to use a nanofiller anount

of at |east about 1 weight percent, nore preferably
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el evated tenperatures. Such curing catalysts may -
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THerGAERRRS 108, M SAFpTES e pansdig n Ay ol Bi; G go about 50

wdiplt p9&nt, [ e £ ¥RATRY &)talhﬁaéﬁ’t}’ef ﬁ@rcgﬁfggﬁtxoﬁj' Gfiih this ran%e it
peroxi de, 24 WO 2005/019340 PCT/ 003/ 039894 neth

mast by prelfetadrte Lpe raownd‘réllerl amaupt opetr leaat @bOUtdywbigh@qum,emore
t erOX|de benzene.
RSB EF et Lat Lo RERREar s S, g BT may be

préR¥3:M & Wse anandfi WAL ORUSIR, about 70 weight percent more preferab]y
2,5-dinethyl -2,5-di (t-butyl peroxy)-hex-3-y

uPdPﬁPO‘HLﬁWV‘?jé]F%@FCGét YFUB%?;HY?fEWPIY uppt@f@)wfa@t percent.
al pha, al pha' - bi s(t-butyl peroxy-misopropyl)benzene,

T%I xﬁg folﬂyxlnag (ﬁ)‘t]@hmy, tfb'rttlyer%ﬁﬂﬁé% Iaec?ﬁ"i‘i'ﬂgtcaltalyst to increase the

I'per oxi d (t- butyl peroxy isophthalate,
curingutatel pértlwybmwad econgpopenss. s(@umg yatpb/s@xybsou‘eﬁmed to as

mlglagoral t\uﬁ@%}é“%e{ﬁao%% zggﬂn bsgfi égwyﬂggeathg polymerization, cure or

crés(ihk | 478t BY InsibdeydusP@icAXbpi8stics and thermosets including unsaturated
trimethylsilyl phenyltriphenylsilyl peroxide,

PalSsIeACVYbreyiSF Givgl alylicrEeRBRSess. | aen-lignitveswiamelgs of curing
capi]%w]ﬁ@ %osA d‘éé&ﬁ&%& o aﬁlraé/ttcaﬁ\gd1t19&dHandbook, 4™ Edition” R. Gachter

and H. Muller (eds.), P.P. Klemchuck (assoc. ed.) Hansen Publishers, New York
1993, and in U.S. Patent Nos. 5,407,972 to Smith et al., and 5,218,030 to Katayose et
al. The curing catalyst for the unsaturated portion of the thermoset may include any
compound capable of producing radicals 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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the |ike, and m xtures conprising at |east one of the
foregoing curing catalysts. Typical non-peroxy

wo miosiost3ar s i ncl ude, for exanple, PCT/US2003/039894
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'th%el:f(g;%[a%(ﬁ) errrn.(%ﬁegsg L&(ﬁrl(r)la}lsemg tat lg?s% %ﬁg O%Ip!r?%lrr%) o(i)r{%? curmgd f;atalysts

_ T)tp@dﬁl) RORpLioRy Ghitiatosyl Incﬁﬁe 1 for aRartiple 22 G@lm%@h2prcﬁpledm§'lbutane
curing catal e used in an anmount of abo

2 @rtr1m@%y1a6 gxy-2¢- glala«?lxyébuwem@mb fee pke, atso Mpxvres GBRoIng
le%ft Q%f ftHﬁF?érk%@% lcéf Q%Icll#onryhl%n&lr ?I'Uaafa)l 216 tR&nsaturated

oIe Inica turate omer hIS range,
partiom®ay the tlmmrbmt rmwly 1fm'tlu:$ gnelude any mgmpamai yspabmmﬁ mitiating

of .at | east abou r r abl
S R AR s T
cala¥@Cinciulde TRY eREm Ugfeeﬁlﬁkﬁﬁ Qﬁ’etiloanl}hﬂ@s Fuethd BeHiuAmMME: (NaNH,)
2005/ 019340 PCT/ US2003/ 039894 catalyst amount of

anddithivaudietiypamide GyN{etght;, alkaly meish and prpIopiup selés of | Ci-Co
al%%?(?%’ha?l?art etflY N8 Amonlllf %ggf%gﬁieg' oank?nryme%al cyanides; -

urther comprise a curing promote
organhetdlc cth@pogels duchmas tl‘ﬁl,lalkylblltélmm rcbmgomdjmbmqﬂ Shthlum and

|ncjude transition netal . salts an XeSs S
g, PR ST MBS e BB B, renand combifitions
c%%mgmﬂéﬁw SH3I dfkinerot VNG Afhic }#l%%ﬁfﬂ@ﬁ |c§Dt'\'d/}KJsisne

Preferably, cobalt naphthanate and are used
conblnatlon Wien present, the pronoter may be
Inwsmlferrnd ambadiment. thst cusesatabysomay gompesitbutylperox ghenggate or

g, B St pelide® FHNELAADALRRE RE) HhARH 0 ing at

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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aromati c nononer, and the acryloyl nononer. The
conposition may conprise an optional polyneric

w@odnshiszer The polyneric additive has a gl assSPCT/US2003/039894
transition tenperature |less than or equal to 100C,
preferably less than or equal to 75C, nore preferably
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th¥Ye o9 hthuals td 17 °(‘Zm hfdrd rp?éf@faﬁﬁf' Yes@lthdre8p leqadl Ofét 55"(13 agvleh more
by weight, even more preferably at |east about 8 parts

prbﬁerabbr Igbdt thatlos eqwil td R 5°Q, leiven moanpreferatily hasy thae or equal to 0°C.
eferred ric . additiv nmount _of :
HeppRlymssie aéﬁ?lflge %6@ 372?%%? s magilas "rséftE%B‘f gq%b %o glip ok ot
25%9, gr%rféréblg%s\é\%egﬁr' qlﬁgl' fol 100QV1Pa BY %"@' Ahdry i'b%liagl IQSQQH%In or

arts by weig n general, 1t i3$ pre erred’to use

eqdalp@ MOEMPE @dZ8°C. vén EDembodiheit slﬁtabES§ol§'1|naﬂc tahéitives are
so-cal led critical point of the conposition.

setqcreflu dem  the gPUPOOGIFt9840f n@v@%zeﬂsh@é@whon)s poly(alkyl
oEAMESLIISIATAE LG AR BIELoIREILGtpAR o
lemht speofthd fprhgseg polyteribeddigves. cont | nuous phase. The
critical conposition for a binary blend can be
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W(ft"f’lt Hll sa;aﬁge ﬁsmg}h Be E)?ecf“érpe[cpféal!lse%f polymerlc 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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the quantity 1 plus the square root of the ratio of

conponent 1 specific volune over conponent 2 specific
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kridgReoahd Yt Hd'&ldcféeihcﬁs‘érd@s&fbe@ i r‘pl'dﬁﬁ: Raditil S HB o 4 E dition”

often conprises 98+% CaCO3 with the remai nder beéing :
Rofﬁmerlandtfgamltﬁs (@hth BsKlmm@lnels(aamccaci bbaeses, Pubhsmrs New

n cat e fac reat ed cal
vk EBRar er Rl R or hERHE TR an AT iR An e Boee
rafib 8¢ thanabdud AMENoatlinhiéihg exgh@ss of e irfudelilida d@@ldbt;)\shch
and solid, and surface-treated gl ass spheres typical

asrfamd@hca@é@pﬂry%ﬁad ingyales borrmnigiidespqvdcs a%hgqorlﬁglwa@dm‘%ders
o D04l 905 QUALPRSLNSE R by b fos
tasgemprthe |ahgvevmentmmd povatt agwek rss\aturhina 4@l megnesimm oxide (or

facilt .the di spersion .in.anc tibility w
mageab AU bihOSROTETD BERHEI00 I3BRc b doialastonite
inb188ing; suPfa&@iredtE WeHhdihife takiuh7 affad Ga 1@%9@1{(& dihydrate or

surface treated with am nosil anes or acryloyIS|Ianes

tribpdreichgealeion wpdenatgooalugings Pldk.s limestennpoaridednd synthetic,
prgmﬁlgqg'd calgljlu 3 Q rge% g&?ﬁl‘?}e hg' ¥$I[Pr|l| %)? %1 é;%llndcﬁh?culate Wthh

res nos res,
~often comprises 98+% CaCO3 w1th the remainder being other inorganics such as

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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alum nosilicate (arnospheres), including silanized and
nmetallized alumnosilicate; natural silica sand,
waeasor34quart zite; perlite; Tripoli; di at omacROLES2003/039894
earth; synthetic silica, including those with various
silane coatings, and the |ike. Wen present, the
thé}%sﬂa&@fn' | i, Wudc?@g 4R&AliL mc@gﬁunﬁn&f sﬁmetu&te’a with
80 wei ght percent, - based on the t
anmvieosjlabesobr abreloybnipossi ¢datings W tuhparrt tgooé phasngai$ totcompaynded

erre se nofiller, a 0
bl SR A e g ST BTERE Shheres” e PRHR orpuEtes: fiite;
allrBidstiliahe L(Errﬂosghéﬁ@é)g BicliRBAE &MthnizA 98d WhétilRed Nl $minosilicate;
range, it ma preferred to use a non-nanofiller

naamiuﬁhca)ﬁansﬂp qvémabb@t’mm neelitghTripeli;cdiptomagegqus earth; synthetic
re r yet nore

sﬂpc gfuﬂ th(%% V%lﬂl %8%% si a%}e%ht%h%% tﬁ%ﬂf(e nanofill ers

and optlonal non nanoflllers may be added to the
Whrepresas] the mgnmasofiller \mhayfhwllsedmly at amatuntesit aboot 0.4ftd @bout 80

surface treat neral |y th an adhesi o .
bt Sone P (O S e 06 SPRBRRPY. W ip s range, it
- {)ﬂe?&re%rloqgg 81 inBR-nRAGHTRE @mduft bNRINE%E abadNeRERht Mrcent,

hernosetting resin to the filler or to an

m@rﬁtmfmlblycﬁdpasm gboit IsubsightpercentAl Algo yathen Bligrange, it may be
gL T e O ndD R IR G B XER G i Sfefeet ore
prefeRABBL @Y 1 aboad Welgmmmehmyeﬂﬁ'@ﬂeqxeﬁrablysuﬂ RESweight percent.

titanates, zirco-alum nates, propylene naleic

eII Iose esters

anhyd copo ' ive '
hem,anpf h@s aeﬁ Psngfﬁfﬂela @ﬁtegs Pk P added gee gaﬂnalowtmg resin
u@ nﬁn iRt T Be atft%ﬁds%%g@ NP " zeneRhilyANEigh 'a{ﬁc |a8ﬂ’i’e%1on
nD ecul es havi ng the general structure (RO (4. "
preweteei n n=1-3, Ris an alkyl or aryl group and Y |s a
reactive functional group which can enable formation
of 1.th a. o Parti :
i o 06 Moo PR FRfencR el on B el i gmprove
adhéitors bf thetthigrthosdtiRed BSinvto thy filledr ©xamnadtafali crmahmgjer substrate
vinyl -triethoxysilape, vinyl tri s(2-nethox

xy)si. la
Alye mostibler i1 Bsafprepgl ks ﬁ&rﬁa%vlogmi dherganic fillers With adhesion
prd¥mdtE 19 R)\(Iletardhfs‘ncglpx)&%hjsﬁ&? promoters include chromium complexes,
y-glycli ypropy tri nmet hoxysi |I'ane,
silynase ticaptes,prizpydltminates, hmwpglcmcanelewTam}adaﬂ@solvomhcudereactwe
Monte .et al

celIBRE esifE ardBRe 1Réa g hromitR CotmiSies dhelut iepE salf S Dupont.

ungb@Shd ¢2dansthe 2BOMN@O0N;RAS3 4k 1ieT MdRZRAR3/ Qagf%ggg%e general
Conposite inst. SPI 1979, Section 16E, New Ol eans;

straptdreS(RQ) 4o it evheivtn n= PBaBtls es alkyl or ary] 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);S1Y. 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
et al. in Ann. Chem. Tech Conf. SPI (1980), Ann. Tech Conf. Reinforced Plastics and
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Int. 14(1984) 6 pg. 2. Zirco-alum nates include those
described by L.B. Cohen in Plastics Engineering 39
w@ 18988)931d, pg. 29. The adhesi on pronoter nmay PET/US2003/039894
included in the thernosetting resin jtself, or coated
onto any of the fillers described above. to inprove
a r
Cormgg)slﬁé. H'{gt %%‘é‘@'g?r%l §e@§or§ gké elg%v?m@leanse ahdf %bg‘%ﬁ@h@ ]Pﬂ)d Plastics
Inta 18{1198¢ )06 egf |2be21r<31$-alfuh11haiés tmludaphmeedeadﬁimll N LA. Coten in

Plisget egineeeins S04 DE 01 Raior 1P eBesiart Bamores v berfecluded in
thd BleRhoam regm ﬁsaﬁlo@%?tsgggﬁm SnoE (R Hftters B'é%(:hﬁé%ﬁ&l?ove to

ant1 oxi dants, thernial izers, ultraviolet
1mstca/b|aldhzse¢rsbetp'|egnﬁrﬁ §llercypdsthe dleropsetting resint | Fart example such

ents, nducti ve . a ronot er
PRt TR e B0 e et oF e B RERE nesoriresin
mdt@k.egoi ng additives. Selection of particul ar additives
and their amunts may be performed by those skilled
- _Inthe art. There is no-particular limtation on the
Thee ORpAsiHYn WYe ﬁpt!%“boﬁﬁ‘ﬁg%r GOmIsing a;slr?é*&&rV@oﬁelechHefrom flame

GNP ORI PRSP Tl B e,

ultad vikad ptydtatah zemg tpi gmems] /dyes, \cpszintmantn{smtlp agérds, aaonghhabyfle agents,
nononer, nanofiller and, an iona ts
CuFRG TR | D drken g CATEHESE ShEPRoRE . e of the
foRebME HMItRRE etdl&dtion bhBakieiRP UKV HRY ther @mafseﬂay be
directly from an uncapped poly(aryl ene ether) by -

- petfornes by thgseskdlladrindiqastl pol y(aryl ene ether) in a

portion of the al kenyl aromatic nononer, adding a

[ t.her) i
EAER R0 R L TRBEH A HCAI B SR o
T}ﬁchibrrrpgsmbﬁ naayrbel my;barerbhy) fmmmgmnmfturﬂalt&ebl,en@ nflitherfunaionelized

0 nent 0 for t her, nDs sition.
PoRAHBINT | Sy b QTR S e i APy TS piemer, the acryloy
méd¥MeedingRdfler atl aRJAESidMI aoipph&itdat Ghdieitho Gundtidnalized
one enbodi nent, the nanofiller is mxed with a pol yner

poiygarfytsnencthenels meqapmiwlaﬁawlenemhméhfe £QAPeSHignsmey, &p prepared

o T 00 P R T e

. ethiv@i@fd pdreon Hﬁmekﬁ&dﬁyb@dm\wé hofiom8nladéing atcappiap apent form the
nanofil | er di %ﬁery on and the di spersion m xed wth
capprdl PYIYERHFNEE 8 BB IRESERSA @f]éheeﬁliﬁ%fﬂ; Mt monomer, and

dQlogf ihB1 £ANEM HBRAET AaGdr RN AR any [difer &ompents to form th
ol B 210! AR G BB R AR amy Wifer otmplflents o form He
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
olefinically 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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nanofiller dispersion may optionally include swelling
agents, conpatibilizing agents,
wewesloi193gy conpati bilizi ng agents and conbi nat i BEIEUSE003/039894
the foregoing. In one enbodi nent, the conposition nay
be fornmed by bl ending the functionalized poly(arylene
naﬁgﬁﬁér) d1 sﬂeps@orp hﬁ& ' dfo'tx%ﬁ‘e{liyylnbll'ﬂaé‘%w&lﬁhg QF&R@ %Wpatr@ﬂ‘r@nfgha%ents,
nanofill’'er wt m xi'ng energy o ess than about 50
s“rerllllrrg/@mlegbw@mgl dgeets a(dk dprnbipatigmsiof therferagoingne
di mensi on expressed in liters refers to the volune at
Inzoglr%t of c{dﬂﬁengo ocisolniplr?(s){t]lgrgler}éyce gc])frél%g bg/l I;ICIJFCﬁ%JIC functionalized
po@ﬂf(@@ﬂdnle Gather rtﬂ@eleﬁim&ﬁllpfuntdlaateduﬁaﬂbrﬁﬂn’ﬁm the ﬁHilolﬁHyr aith a
sensitive to the manner_jin_whic g nﬁpnents n the
- MRS BELY ShPEsi thith ﬁb%rrtes%rsl%reuler rfr’e’[o for ({{Lar Wheretae Volume
¥G
dlﬁ‘%{‘]ﬁ%@ s\%gcrl té% ?i#eré ¥<ﬁ%r(s\ % thr?#(cggrtn@glﬁrz C OF ltlgsE aoﬁ&g)g tion being

miXe@P & it icestemlatébacthe Q)dlaﬁéﬂmhﬂiy&icﬁ)lmﬂwecﬂﬂm @raperties of the
undesirable reduction . in the electrical . conductivity.

curedjeQmpQRHian BaY B cENBH Vet Hadnaner ihhighetherGogponents in the
cupib@ep Lol RRitiTRY af2€ mi Qf ai Lhe %amﬁ&rt f1€isC U&?t%glated that typical
conposition Is mxe m XI ng ener
hlglbenﬁrgy,aﬁghedhdar nptiede rfamrqd foe gwint df&nt ammﬁmaﬁlak@almropemes
&ferablr | ess than about 301% i %é trical
C'ffﬁ HERTRROSIoBr B3 $3U8% 0t uRgeRIr ﬁp‘8§‘i“i 'i°8nma flsetrica
cdﬁﬂﬁkﬂﬁv@@s aAi dasiral1e MARIMaE DF nedhhnib@Yarndeelpéteitar proferties May be
t he conponents of the curable conposition wth a
obiingchyhemtegyrable eampasiiion ispuxad Wit miking energy less than about
t 2
SERBL pafrb1Slesp 82D, 0BREN KL Epre retesgbthes B about 30 L
Inparder Cthh@rmdchanitlt poopeniest 6 thep pamposisionsad hot hnlnﬂmd:ssarlly

t he coO onent cur.a e COITpOSI tI
cqmpremisse, ibmay erraeﬁrerrmgnr ﬁ@r QEPogsRty Rt ﬂr%&wjﬂe compOSItlon
witR 0 % ¥ ¥t Y f o féa‘s%ﬁt 00%4 ROL, H%&S;ﬁ@f’é'ram@&%{ﬂ 1egst ar%m 25

m xi ng, agitated vessel mxing, and the
kldloret mate pmatcrabbyrpirleast algpus2. Skddst one of the for egO| ng
met hods, which are known to those skilled in the art.

. There b I L m ' '

YRR PSR A TR HIBATES B o

cuible cfoﬁfpoﬁlﬁaﬁpl Buitdbée ¢ntemdl bleadingl mythods hiycludd dgugh mixing,
irradiatjon_ techni gues, |nclgd|ng UV irradiation and

Ba1bwpt muringe AFHGONF dBIAS JHEnSUiREmikdg: PLAYY iMiging getteq) vessel
mm&taﬁﬂpﬁ{?aﬁw & nd el i i BV oRBridAR Wt l%Qstt&leaQPH{e foregomg

in thi's range, a tenperature of at |east
methodg, whadQrerkpose tptheseeskiléadl. in hiespt.wi t hi n this range, a
tenperature up to about 240C may be preferred The

Tﬂeg%fjsls gg\}ﬁﬁhcu ar lhl Satlt%)% cianbﬂ"rl’el:t rtngt%od chﬁ the C%l%p?&ltlgn may

range, e preferred to usé
- @Bt TRgcomposition may, for example, be cured thermally or by using 1rrad1at10n

techniques, including 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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30 WD 2005/ 019340 PCT/ US2003/039894 time of at |east
about 1 mnute, nore preferably at |east about 2

worovsnesd Al so within this range, it may be pref/E51088039894
to use a heating time up to about 10 hours, nore
preferably about 5 hours, yet nore preferably up to

tiRB QWht Badl QUSSR 1 Mk, %Hré B Oy 2P RaStl HORD hﬁn&éﬁd&ﬁs v@thln
partially cured and often tack-free resin, which t

thiss range.| i mayy bed>r¢f9rrmam usgy af lmatihg tiger updo iabolst HY hours more:

prRIRSY aball Sl Vel ptoREp 2 eﬁ%ﬁﬁ?ftg%QO@%@?@gl &ch Qiting may

be pR{d) ﬁ)C}BIY)HéMeea P@d@l@ﬂsﬂ cud! ad 2o feenCiaERe Y kesin, AvHEIE ehER Gully
therg an acryl oyl nononer. conpr|5|ng at |east two
cuzed y %Atln&éwelpngfé perieds of teaprsnturas gyithinhstaferementioned ranges.
enbodi nent- is a curabl e conposition, conpr|5|ng
P -
et e o bl s tlr <o fpisth o (mpthpcnlsfssagoed
payRer ﬁlmedtubtlﬂ pigenylenalothet); %awmyknbyom giniprosingaat least two

oGPt Petied Ao ETHEG (3ot SEoag ARl it Cpbleciamppasition,
ccﬂnﬂfﬁkﬂﬁg ldb|oﬁf 1 toMBILuEDO pﬁﬁ@bﬁ%%’ﬂf 8f Qfméth{éc late- capped o]y(2 6-

(meth)acryl at e- capped di meth ene

digteti) 4aphenyleac l&&wy)l; @Wutnﬁ@n@houaﬁ@ mﬁsé)or \MfﬁgﬁtOQf gapersloyl
ol L 3 0PETHRNSP 4 A 5 R o

pdem]o@f jat nannfill dreretmitedamentts of tied @ﬁhih)‘ab@laltce&qipb@ Poly(2,6-
bt aj ned i all r fully curin any of
- afiedidy ate%le@ezofﬁg’oé‘ﬂ%ca’ ! ragnaier g sed on 100 parts by
wEIFROHATE T thede NOpdRets Lirfdl RS SARIAL bB 'tH'égné?‘lBﬁllef 1Stﬂ5§ed on the
cured conpositions. - Articles that may be fabricated
tofal sveighhef thewpwepsition i ncl ude, for exanple, acid bath
contai ners, neutralization tanks, electrorefining
ter . r s . \
O KR AL I8 b AR nd b B gty curin
angl of el abloy e barablelcbmpoﬁﬁhmst stacks, scrubbers, engine
val ve covers, autonotive exterior panels, autonotive
0 pans,. autonptive.air scoops, tru bed |iners,
stlt Por BRptiEeih P e TR amt ot cRired g pRsstions.

AH{RRSHARS bEabrichEd Rdh tHe! RMPBSiEEN MRMERS For dA8RADIc, acid bath
shields, railroad tank cars, hopper car covers, boat

 camtiness, neutsatizetion tanks, |e§ctmvémlr¢éakl§ water isofeeneetaks gl tanks,
fi la%gg lv3und % k& rffi‘{m?n(i%%%gﬁ rm rgﬁés‘é%ﬁegb’efytwc ﬁg% ekhaust stacks

e conp onen

sc&ﬂibétso BRgINS uv@kre rcoverds autbtiﬁ)ﬁlvagﬁte&@ﬁ ph @S, altbri@ieKilO6 pans,
ng.flairings, engine narcelles cargo doors _
UGG ver R SEOQRRE UG BEk AR HENFrahatisodFie hif &geplwanﬁactor

pdfs] %ﬁs@?s%kiegg§pr1ngs, 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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stair cases, railings, wal kways, pipes, ducts, fan
housi ngs, tiles, building panels, scrubbing towers,
wo b@eniasg) expansion joints for bridges, injecrebis2003/039894
nortars for patch 31 WO 2005/019340 PCT/ US2003/ 039894
and repair of cracks in structural concrete, grouting
anfi Qepdit b crlREM Qﬁ%c)fmraﬁb&?t etg,e%r@{lti Foneds, malihéy rails, metal
pos?s, electrica encapsufant , electron ¢ packagi ng
donmtse bbls, poste) dedtrical @hcappalants seleqironitt getkaging materiatsacldstrical

el ectrical co nents,  Wwre w ndings, seals.for _
PagFlSe FF IR REHITE ooty [T P s S0 ity sgals for
eldcuSBRchdii@ MRlicedt bty 6k CRSIstors; ORksNRerhAl cRE-bfit @&ices,

Wi ring boards, capacitors, transformers, electrically |
cogidmgsufor ipyiatedc witpgnkenrds, fegpactars, sraasfoenerpptlpeaealbyneonductive .

- tennis. racgue Lf .clu IS ' fichi
coh R TR Pl B D PR in rocs

sk&WsRITpo@s poiycis! pArs swhrbiniigipsols, seimmaing poolesliles, hot tubs,
busi ness nmachi ne housings, trays,, di shwasher pprts,

sapRasy Mg a toYpingigrpachinethpupings, tig)s, A B8FS, retrigerator parts,

fuffiidkd eGtdti S cPRAod A0BzagPbtkal waveguides,

RS s e S R 0Pl i

radonaesy patphite ishes, elgaphoiar awigyairgelsr tehephenergwitchgear housings,

. transforner covers, jnsulation for rotating machines, .
oS pees: SBUNE o e s Machfs.s Sirdbb Pl TR Wilation,
dr?QBQé_rnﬂ:sin!s,gﬁondiﬂg,S RRS! ilPedtiont Fxtafes, intlegial inddtalMBirding dies,
orm ng dies, ‘vacuumnolding tools, and the like. The -
vageirp oxilding todls apdiheild@l arly useful for fabricating
aut onoti ve under hood conponents:-such as, for '
...enai.ne. val s Ll - i a
IR SRy Bt i Bty FRYEN for, KRHOBuIE SuloBHRAL! BuchoRood
coatpoacitssuth, asj for exdrhple lenginedehvstcovets.by t hose skilled in
the art that various changes may be nmade and

R BB 55 R b TSR BRImen

will'be2@lickdt6ot byreidye BBIHed iif el BNGamedtidue chBRGRs hthyastanhdedand
particular situation or material to the teachi ngs of ‘
equivalangh@ay be subktitwieslifor glepents; therept withew dspartigg frogrdysescope
. Th : L oiSads t [ Y |
o AT FLEES by od RIS M Al R
sitastidrher fetstialnodie ®acitiwgspifabethvéioncwithionit dgpavtng frbinsesssential

i nvention, but _that the invention will .include all
SR SR Sint TPHETTrts i GDAF et S pyentie ob OF oiebtp the
parti @it dFemtdimentt diRTbsB@ b8 MeShesPRLAE toBRblatel fof RfryiAg @ut this
ot her references are incorporated herein bP/ ref'erence
inventionehuyt thattthe wvgntion will include all embod_iments 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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32 WD 2005/ 019340 PCT/ US2003/039894 WHAT 1S CLAI MED
I'S: 1. A curable conposition, conprising: a
w0 eospissml i zed pol y(aryl ene ether); an ol ef i iPCEU$2003/039894
unsat urated nononer; and a nanofiller. 2. The
conposition-of claim1l1, wherein the functionalized
Yiecyhenep gther) is a capped poly(aryl ene ether)
aving the structure QJ-K)y wherein Qis the
resi duum of a nonohydric, dihydric, or polyhydric
phenbl ; yA cerabletcompogifion,koopmsinigses r epeat i ng
structural units having the formula RR2 O R3 R4 m
wherein R e ch in endently selected from
hal ogen, Fﬁéﬁ”uﬁ%"r“ﬂﬂé‘%{p"s‘,g@gﬂedlgreg’ee%i- Cl2 al kyl, C2-C12
al kenyl , C2-C12 al kynyl, C-Cl12 am noal kyl, C]-Cl12
hydr oxyal daydlefirpéediywinsat@ibte@lidohmheradrdy| , Cl- C12
hydr ocar bonoxy, and C2-Cl2 hal ohydrocarbonoxy wherein
at |l east two ;:gsr)bon atons separate the hal ogen and
oxygen atoMEPMEand R3 are each independently
sel ected from hydrogen, hal ogen, primary or secondary
C - Cl2 alrid conbpbsitiba off Keinyll, whérefal theafuliytiotalizéd p&i@rylene
am noal kyl, C1-Cl2 hydroxyal ky , phenyl, Ci1-C12 :
ethg) 4 depped mly(mmyﬁw&wwg&wucnaﬁd C2-C12
hal ohydr ocar bonoxy wherein at | east two carbon atons
separate the hal ogen and pxigen atons; mis 1 to
about 200; and Kis a capgl ng'group selected fromthe
group consisting of 33 WO 2005/ 019340
wWIREFIh (G208 r&39894 of RINdRDBYdriRG dihydric, or polyhydric phenol; y is 1 to

100; J comprises repeating structural units having the formula

m

wherein R? and R* are each independently selected from halogen, primary or
secondary C,-C;, alkyl, C,-C,; alkenyl, C,-C,, alkynyl, C,-C, aminoalkyl, C"C”
hydroxyalkyl, phenyl, C;-C;; haloalkyl, C;-C,; hydrocarbonoxy, and C,-C;
-halohydrocarbonoxy wherein at least two carbon atoms separate the halogen and
oxygen étoms; R' and R? are each independently selectgd from hydrogen, halogeh,
primary or secondary C;-Ci; alkyl, C;-C,; alkenyl, C;-Cy; alkynyl, C,-Cy;
aminoalkyl, C;-Ci, hydroxyalkyl, phenyl, C,-C;; haloalkyl, C,-C,, hydrocarbonoxy,
and C,-Cy; 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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Y YRLI1L Y-RS R7 and R8 R13 R12 wherein R5 is Cl1-Cl12

al kyl ; R6-R8 are each independently selected from
waymsogem Cl- C 12 al kyl, C2-C 12 al kenyl; Cop@/0$2003/039894

aryl, C7-C 18 al kyl -substituted aryl, C7-Cl8 aryl -

substituted al kyl, C2-Cl2 al koxycarbonyl, Cr7-C18

aryl oxycar bonyl, C8-C18 al kyl - substitut edR © RlO

aryl oxycar bonyl y C8-CL8 aryl -substituted

al koxycar bonyl itri foynyl, carboxylat¥g

i mdate, and i oxyl at4; R9-R13 are eag

I ndepepdent |y

al %}e/l ighyd’r oXy!

so(i) 1, RE5 wheérein R14 and RL5/are eagh

i ndependently sel ected from hydrogen and cR! Cl2 allkyl

3. The conposition of claim?2, wherein Qis the
whé@sinqugcoic, ?alk?p'wtlw'a[ré @adl’hﬁﬂé}iendé}}tlyg@ﬁct‘ég%‘?@hidrg n, C;-

of any of t he oreagl ng cl ai ns, conprising about 0
Cabdkyl, §o-Garalkenyl GeCgharybf Cr-es plkiksubshitreds al, C7 Cis aryl-

BRI RGP R0, LR ont iy B18, S

suekt&ﬁteﬂlafﬂbkycamgt, L(EgaC@darymm@tfmfed ﬁkoi@h&rb@ﬁﬁp(ﬁ&htei dormyl,
of any of the foregoing claing, wherein

caghasylars, crigase. ansh o X Vit ofveR carﬁp?che@d%ﬂ?ngwléfnwected
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dimalyntgfroupheelekeddiyon thy groe emmsistogmpf | si ng about 10 to
about 99 parts by weight of the olefinically
unsaturat ed nononer per 100 parts by 34 WO

019340 PLT¢ BS2003/ 03989 wei g tot taI of the |
t onal i zgd [poly(aryl ther) an

Lcal | rat cogmps' i
any of’ t he\for/egoi ng i 418, re| he nanofii | l|er-

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

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.

S. The composition of any of the foregoing claims, wherein the
olefinically unsaturated monomer comprises an alkenyl aromatic monomer, an

acryloyl monomer, an allylic monomer, or a mixture thereof.

6. The composition of any of the foregoing claims, comprising about 10

to about 99 parts by weight of the olefinically unsaturated monomer per 100 parts by
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Is selected fromnetal oxides, nmetal carbides, cernet
materials, ceramcs, glass, perovskites, |ayered

wo nwsgasikc materials, fibrillar inorgani c nmat ep@EIS2003/039894
and conbinations thereof. 8. The conposition of any
of the foregoing clainms, conprising about 0.5 to

wéakRUbtaBBf MR ﬁmud%nfe@rgolﬂawﬂelétwr) aRPER I &Thitdl ? unS4tdtated
wei ght of the conposition. 9. The conposition of any

meifondie f oregoi ng clains, further conprising a
pol ymeric additive having a glass transition

te r at I
1
compbs 1 5 eI By PR fpleBorh hime "%ﬁf@?‘f‘%%%gfl‘ o
is tsekectetl ofre@gomietyl Cdxaieﬂ;sme% carbldes cermet materials, ceramics, glass,
- perovskites, layered inorganic materials, fibrillar inorganic materials, and

combinations thereof.

8. 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.

9. 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.

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

foregoing claims.
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