WO 03/087223 PCT/ US03/ 10523 THERMOSET COWVPOSI TI ON, METHOD, AND ARTI CLE
CROSS REFERENCE TO RELATED APPLI CATI ONS This application is a

cont i nuatworesiosrpart of U. S. Application Serial No. 10/ 1PerA®63/1d523 ed
April 9, 2002, which is incorporated by reference herein in its entirety.
BACKGROUND Ther noset nol di ng conpositions known in the art are generally
t her nosetti ng r eEHRARMQ@SIFE QIONRAQSITION METHOD, [AS¥I3 AREICAE fi bers. Upon
heati ng, thernobset nmononers initially exhibit viscosities |ow enough to
allow for nelt processing and nolding of an article fromthe filled
nononer J i R L t hernosetting nononers
react aﬁgﬁgﬁszh%%ﬁg%ﬁéfﬁg%%ﬁﬁégﬁﬁéAﬁﬁﬁﬁﬂ%? Sstiffness. Sonme thernoset
nol di ng conpositions derived from poly(aryl ene ether) and al kenyl aromatic
mononer s exlhiTjiis a@pﬁcwbis)hailsg i adondﬁmidnﬁin\ﬁaﬁceﬁig.s. \M};@mfft&aﬂg Serigibdive e
approxi mat e 60C. At nolding tenperatures, often we above 60C, the drop
in viscody Uﬁ% ﬁ?% A st 200 0 VRRGY 1SyIMeePOBHRG PY ASERTRINS - RRAFIN oWty | ass
bundl e digtdi bution of nolded thernoset conpositions containing glass or
other fillers. One industrial use of thernbset conpositions is the nolding
of autonotive body panels. These panels preferably exhibit high

di mensi BACKSROBUNDy and a snooth as- nol ded surface. It is also preferred
that the dinmensions of the nolded parts conform closely to those of the
ol ds _usato 0 RLERRRE bOSRINCLImAst, KOTROSL LLANS: ARG aninsghyr at ed

pol yest er Tesins andes yrene are kKnown to exRrbit ’reducéd shrinkage and

i npr ovedostaidiag thopgamjrefiildre andibefibdrii eYpbmbedting) tht@ndet BOnc@brs egitihldy- profil e
additive, such as a pol ynethacryl ate copol yner. See, for exanplci, V. A
Patt | sorPXétbltaYl.SCOﬁﬁeAgw engyghyto adew foy Greliprogessing apd andiqing.of an prticly 7 4)
Al t houghy;knowe it RIcAbinke RAMLYES UFBA MBI BeREE! HdRRGHSrihde
pol yest e? '?%gr rlmset so, itnher egg’lg 1a1 neeg%?or corrpoeéi rt%lébns exhi 8?% Fn% further
i npr oveneonaners peact podilcarel p formshard aesensc With dogle stifidss.s .SomeNDe0Bd®B87223
PCT/ US03/ 11%523 o . .

moldinig~ compositions derived from poly(arylene ether) and alkenyl aromatic

monomers exhibit a substantial drop in viscosity when heated above approximately

60°C. At molding temperatures, often well above 60°C, the drop in viscosity may

contribute to poor glass carry and non-uniform glass bundle distribution of molded

thermoset compositions containing glass or other fillers.

One industrial use of thermoset compositions is the molding of automotive body
panels. These panels preferably exhibit high dimensional stability and a smooth as-
molded surface. It is also preferred that the dimensions of the molded parts conform

closely to those of the molds used to prepare them.

Thermoset compositions based on unsaturated polyester resins and styrene are known
to exhibit reduced shrinkage and improved surface properties when they incorporate a
so-called low-profile additive, such as a polymethacrylate copolymer. See, for
example, V. A. Pattison et al. J. Appl. Poly. Sci, volume 18, pages 2763-2771 (1974).
Although known low-profile additives improve the performance of the polyester
thermosets, there is a need for compositions exhibiting further improvements,

particularly in surface characteristics.



U S. Patent No. 6,352,782 to Yeager et al. describes thernoset conpositions
conprising poly(arylene ether) resins that have been capped with

et hyl eni cablog/oszas at ur at ed groups. These conpositions exhipoirtusdgsiseabl e
properties including high glass transition tenperatures and | ow
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a 2 V\Dthgrlm%%gtz %&nﬁ%ﬁo%%oéa{v%gg 2rg’duced tack. Finally, there remains a need to

maintain sufficient viscosity of thermoset compositions during molding at elevated
temperatures in order to provide good glass carry and uniform glass bundle

distribution during molding.
BRIEF SUMMARY

The above-described and other drawbacks are alleviated by a curable composition,
comprising: a functionalized poly(arylene ether); an alkenyl aromatic monomer; an
acryloyl monomer; and a polymeric additive selected from the group consisting of a
polystyrene, a poly(styrene-maleic anhydride), a poly(styrene-methyl methacrylate), a
polybutene, a poly(ethylene-butylene), a poly(vinyl ether), a poly(vinyl alkanoate)
wherein the alkanoate group has at least three carbons, and combinations comprising

at least one of the foregoing polymeric additives.

Another embodiment is a curable composition, comprising: a functionalized

poly(arylene ether); an alkenyl aromatic monomer; an acryloyl monomer; and a



pol ybut ene, wherein the pol ybutene has a nunber average nol ecul ar wei ght of
greater than or equal to about 300 atom c nmass units. Anot her enbodi nent
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poIy(stﬁ?@ﬁggﬂépﬁV#%%%Oﬁ§g§§¥gte f%%ﬁ%%§§aﬁﬁgﬁe, a pol y(ethyl ene-butyl ene),
a poly(vinyl ether), a poly(vinyl alkanoate) wherein the al kanoate group
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weights and viscosity at 25°C for the thermoset molding compositions after cooling;

Figure 2 depicts a graph exhibiting sol-gel transition temperatures for thermoset

molding compositions comprising polybutenes of varying molecular weights;
Figure 3 is a confocal microscopy image of the 3-D nature of a sol-gel.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

One embodiment is a curable composition, comprising: functionalized poly(arylene
ether); an alkenyl aromatic monomer; an acryloyl monomer; and a polymeric additive
selected from the group consisting of a polystyrene, a poly(styrene-maleic anhydride),
a poly(styrene-methyl methacrylate), a polybutene, a poly(ethylene-butylene), a
poly(vinyl ether), a poly(vinyl alkanoate) wherein the alkanoate group has at least
three carbons, and combinations comprising at least one of the foregoing polymeric

additives.

In another embodiment a curable composition comprises a functionalized poly(arylene

ether); an alkenyl aromatic monomer; an acryloyl monomer; and a polybutene,
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equal to about 300 atom c nmass units. Preferably the curable conposition
conprises a sol-gel having a sol-gel transition tenperature of greater

t han abouwo@R@s722bre preferably greater than or equal toPaelasw3/763¢; and
even nore preferably greater than or equal to about 90C. Conpared to
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good  gh@issl Hanthigea dobpsli Ratsition. tderaigreant goeateplthary abwltdb0t§, pnaeess, the
curable conposition containing filler is added to a h%?t ed {ml d. The

cur abl ePeedRRIyiareass than ongguakte 309Ut i Grand cY@npareR1Gfz0lY SEAA 2P om a waxy
solid t 1, B8ut GBI he Sposifibnd (RS 4 pRIybEIRREnAKHE ] has been
achi eve§r gﬁ@gwagg?tp%?gédwﬁ?aﬁeg bel ?Jg\eed nt hat theBSgI - gel _corr%osi tions
descr i badmber sicragexholbitlargweigheof gieatssthemor pqual do gbews300mierdicemalsst ri but i on
because the conposition in.the remai.ns in a.sol.idifie | onger,

t her eby uﬁ%t%\}t]_é‘f?ﬁcﬁ&lbi%@mi’qsft&ns F?ﬁ#?fd‘saeﬁlgﬁllhﬁad’t%ﬁnﬁnﬁr flﬁcéeaﬁﬁlng .stgésgﬂy- gel " as
def i ned ,p&g GLAineSo3RolBingUbinbRAASEs S¥eebsMdilkating ostdplabowdrgandTied

mul ti phase system can be described as a bicontinuous structure or an
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pol y(aryl ene et er1§ may. be a.capped ly(aryl.en her). A capped

pol y( ar 3“%&?& tﬁ‘?rﬁ re’l"%‘%ﬂgﬁi’%féﬁe %Pﬁagé(oé&}élotﬁf/ aor{lfl ene ether) in which at
| east 50% preferably at | east 75% nore preferably at |east 90% yet nore
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hydr oxyl qr_oups present in the 4 o i cctod
multiphase system can be described as a bicontinuous structure or an interconn
network. One phase of the bicontinuous structure may be described as the
“scaffolding” and the other phase is interwoven within the scaffolding. The sol-gel
transition temperature is the temperature below which the system phases separate and
form an interconnected network, and above which the system phases become miscible
and the gel dissolves into a flowing liquid. Sol-gel transition temperatures as high as

105°C may be achieved.

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



WO 03/ 087223 PCT/ US03/ 10523 correspondi ng uncapped pol y(aryl ene et her)
have been functionalized by reaction with a capping agent. The capped

pol y(arylwoe3eshes) nay be represented by the structure ®@CTASYY1I052herein Q
is the residuum of a nonohydric, dihydric, or polyhydric phenol, preferably
t he resi duum of a nonohydric or dihydric phenol, nore preferably the

r esi duusarsspandinpumehyd moly(hetesie ether) kave been fapetiongligeshpy feationr withat i ng
structural units having the fornula RL R2 e R3 RA m wherein mis 1 to
about 2b8PPPHIEAZEM bl y 2 to about 200, and R -R4 are each independent!y
hydr ogen, hal ogen, primary or secondary Cl-Cl2 al kyl, C2-Cl2 al kenyl, C2-C
12 al kyyd eapgéd %Jlg(ammh&%inayﬁéf@lé’semedrb@Xl}mdtkmture phenyl, C-Cl2

hal oal kyl , 1- C12 hydrocar bonoxy, C2-C 12 hal ohydr ocarbonoxy wherein at

| east two carbon atons separate th al ogen and oxygen atons, or the |iKke;
and Kis a capping group pr oduce@(g'ﬁr eaction of a phenolic hydroxyl group
on the poly(arylene ether) with a capping reagent. The resulting capping
group e Qesi mbnoRydrié, Hihkdric! of pByirR phefol prferttle | i ke,

wher ei gaﬁ%@'?qs@gsl %%Sl(giﬁlﬁ%/%fagl}gnfﬁidr?éfﬁe;%%-R}é glri%j eaéglh i%gependgntly 5 WO
03/ 087223 BEThS0SA 10GRBYdty dr diydric phanot more pirgigrablycthe aesiguuam REAY| |~ C6- C

18 aryl hloggﬁ}%rljc':sph%lngly Iy-ig Libtsot idd‘,’ tJecdon%iﬂr}/sleS repeating structural units having the

formula

m

wherein m is 1 to about 200, preferably 2 to about 200, and R'-R* are each
independently hydrogen, halogen, primary or secondary C;-Ci2 alkyl, C,-C;, alkenyl,
C,-Cy, alkynyl, C;-C;, aminoalkyl, C;-Cy2 hydroxyalkyl, phenyl, C;-Cy2 haloalkyl,
C;-Ci» hydrocarbonoxy, C»-Cj, halohydrocarbonoxy wherein at least two carbon
atoms 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

R9 Rl 0

R13 R12

or the like, wherein R® is C;-Cy, alkyl, or the like; R*-R® are each independently
5



C7-C18 aryl-substituted al kyl, C2-C 12 al koxycarbonyl, C7-C18

aryl oxycarbonyl, C7-C] 8 alkyl-substituted aryl oxycarbonyl, C7-Cl8

aryl - subswotoawen2al koxycar bonyl, nitrile, fornyl, carboxpCatisos/iesiat e,

t hi ocar boxyl ate, or the like; RO-R 3 are each independently hydrogen,
hal ogen, C 1-C 12 al kyl, hydroxy, am no, or the like; and, erein Yis a
di val eritydyogeup Cs+bb alleyl 0C6101) alkeayl, ICs;G i aryly Cr=Cqs alkyl-spbsfitgied 354, | j ke,

wherein_ R 14 and re each.in hydr. sCclz.al kyl, or
the 1iksCiy Waﬁﬂ@%ﬁeﬁ?@n@% f@%?ﬁ%gb?)@&ff % 5%8 3?}92%6:%@#%?1,’ Cillzr?c] udi ng

pol yf ungki,loﬁggtitgﬁagn@,:zﬁ,xyc@;adn)il,nC(LL@@Saﬂyaﬁiibsahﬁecbfalltdxgca‘bombd,t mitgleR R2 X O
R4 R3 n Wwherein R1-R4 are each independently hyfj ogen,  pal ogen,. primry or
secondafoymylc tarboxylatg) kignidate; thiocarpoxylaienygr “tee 1-1%9§1§{béq‘ky caghy ¢ 12

am noal kyl 7 r Ky , S ifdal P ahk Wie; Ghd C12

am noal FPaé%%%éé%éygégJ%Q%%hb¥bfl&ﬁﬂgg%hyﬁg%%ﬁ%%?ggé?bonoxy wher ei n at

| east twhearPona divalat gleppsatheast he hal ogen and oxygen atons, or the |ike;
X may be hydrogen, Cl-Cl2 al kyl, C6-C18 aryl, C7-Cl8 al kyl-substituted
aryl, C7-Cl18 aryl-substituted al kyl, or any of the forego'nqé hydr ocar bon

groups comt@iyi ng at | gast\ one subsSto yuent syclpa§ carboxylR'c\aci d,

al dehyde, a|c hol , am|nd|radicals| ¢ {the like;|| X\l so Pe ul fur

sul fonyl_\ s yl, or I ch i dey gro ing,a val ence
of 2 or gheater td result /in Varivous/bis- ot hjjgher pollyphenols; y and n

are each independently 1 to about 100, 6 vm>oqgo 7223 PCT/S03/ 10523
preferably 1 to 3, and nore preferably about 02, inap erred
enbodi ment, y=n. Q may al so be the residuum of a di phenol, such as

2,2',6,6' -tetranethyl -4, 4' - di phenaol ,
or the like, Where}g R141 and ng gre each independently hydrogen, C;-Ci2 alkyl, or the

like.

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

and includes radicals of the structure

n

wherein R'-R* are each independently hydrogen, halogen, primary or secondary
C1-C; alkyl, C-Cy; alkenyl, Ci-C;2 alkynyl, C,-C;, aminoalkyl, C;-C;; hydroxyalkyl,
phenyl, C;-C;, haloalkyl, C,-C;, aminoalkyl, C;-Cj> hydrocarbonoxy, C;-Ci2
halohydrocarbonoxy wherein at least two carbon atoms separate the halogen and
oxygen atoms, or the like; X may be hydrogen, C,-Cyy alkyl, C4-Cys aryl, C7-Cis
alkyl-substituted aryl, C;-Cis aryl-substituted alkyl, or any of the foregoing
hydrocarbon groups containing at least one substituent such as carboxylic acid,
aldehyde, alcohol, amino radicals, or the like; X also may be sulfur, sulfonyl, sulfuryl,
oxygen, or other such bridging group having a valence of 2 or greater to result in
various bis- or higher polyphenols; y and n are each independently 1 to about 100,
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I n one enbodi nent, the capped poly(arylene ether) is produced by capping a
poly(aryl ene ether) consisting essentially of the polynerization product of
at | east woas/osnadhydri c phenol having the structure R R2PCHUS03/ 10328 R3 4
wherein R -R4 are each independently hydr ogen, hal ogen, prinary or

secondary C 1-C 12 al kyl, -C 12 al kenyl a OH | -C 12
ani noal pagferably ére @q@mo)e ngﬁ@@rehlya*\leVH to %)Hér?yli’refe@fdéf‘gg ﬁ%‘éﬂm Cl- C12
hydr oca bono ¥ tdignen parbon
atoms s 6’%‘} o % tgeﬁ% ?o@%gg%%%gégcﬁ%ﬁagté%zn%mgr %tlﬁreréﬁll}h @f(.aﬁ Ui t abl e

nmonohydri c phenol s include those described in U S. Patent No. 3,306,875 to
Hay, ang hiheghdmbdaiaést riael dﬁppmmﬂy(arybhen@h@) |lﬁcpn9dece£1 Byd%@l?tnlgyﬂ phenol and
2,3,6-trinethyl phenol. The pol her. of at
east (DEVGRONSIEER EpTBRBRS Tt oL0 2ORPRrat ) ool BB Ryt e
2,3,6-tri, I tgered enbodi nment, the capped pol y(aryl ene
ether) %5%%&$%%?H&ﬂghggg tlg%gﬁ%capping group having the structure CR6) Rg
7 WD 03/087223 PCT/ US03/ 10523 wherein R6 R8 are each i ndependently

hydr ogen, Cl-C12 al kyl, C2-C12 al Rényl, OR’C18 aryl, Cr7-C18

al kyl - substituted aryI, Cr-C18 aryl-subst tuted aIkyI, C2-C 12

al koxycar bonyl, C7-Cl18 aryl oxycar bony 7- C18 al kyl -substituted

aryl oxycarbonyl, C7-Cl18 aryl-substAtuted\al koxycarbonyl, nitrile, fornyl,
carboxyl ate, imdate, thiocapgsexy FeOH ke. Highly preferred
capping groups include acrylate (R RB8=hydr ogen) and net hacryl ate
(R6=net hyl , R7=R8=hydrogen). In anodher9r ef er r ed enbodi nent, the capped

poly(aryl ene ether) conprises at oge cappi ng group having the
structure O (Il R5 R3 rR*

wherein R'-R* are each independently hydrogen, halogen, primary or secondary
C;-Ci3 alkyl, C,-C;3 alkenyl, C»-Ciy alkynyl, C;-C,; aminoalkyl, C;-Cy, hydroxyalkyl,
phenyl, C;-Ci2 haloalkyl, C;-Cy» hydrocarbonoxy, C2-Ci2 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



wherein R5 is C1-Cl12 al kyl, preferably Cl1-C6 al kyl, nore preferably nethyl,
ethyl, or isopropyl. The present inventors have surprisingly found that

t he advanwvagaensm23 properties of their invention can be aclrCausds/esen when
t he capped poly(arylene ether) |acks a polynerizable function such as a
carbon-carbon(poyble bond. In yet another preferred enb diﬁeat, t he capped
pol y( aryhereie RetReae egohrprdepensiently hediagen, bnliz laﬁj‘@ﬂé‘ﬁﬁn abp g8 t he
structure R9 0 11 R 13 22~wher ei;nqk r chci pendent |y
hydr ogefﬁ,%’ haq7§éé‘n, gfaf-'%lf’%&télf yl ?%yd(r%,%% aglrlﬁlgﬁ%%%t%‘ra @t ﬁaél%fl,l kg.EJ‘Ig?ef erred
cappi NG p6:3¥RBRY, IS st MgRxiyeaberde Sail:¢ yllaf-substiRgedyadyloxyearbrnyl,

- R13=hydrogen). 8 WD 03/087223 PCT/ USOS/.105£3 ,n stg I Il §notlh Eltepref erred
enbodi nent)s t #El-alspeEd otlipacrbend, cpidley [IMRHI B%Y 4 4819%he cappi ng

group h@/oigg%egggfztcgu HeUlike O ?/Ié%}ﬁ} pPrifertd Aeaphindh 8fcRbE ifclude acsAdter at ed or

unsat ur ival ent h ocar?on group such as, for exanple,
et hyl en@®°=R’-Rphepicemnend inGhgurptg (BrrenetRylnB W Fhydegeopy | ene,
2,2-di methyl -1, 3-propyl ene, 1,2-butylene, 1,3-butylene, 1,4-butylene,

2-methyl -1, 4-butylene, 2, 2-di hyl -1, 4- e : t least

2, 3-di nit ?ﬂﬂﬂle{,PigflﬁﬁFg|e§l?¥’é’,g‘1m?ﬂq§§?ﬁecﬁ8pd€flf&ﬁ¥@&1§‘% g SRERE S “Bhd t he
like. T&%S&pﬁﬁe%@glrp@jvyﬁmlsﬁﬂ@u@t her) resins may conveniently be
prepared, for exanple, by reaction of an uncapped poly(arylene ether) with

a cyclic anhydride capping agent. Such cyclic anhydride capping agents

i nclude, for exanple, maleic anhydiG de, 3uccinic anhydride, glutaric
anhydri de, adi pic anhydride, pht alfc anhydri de, and the |ike. There is no
particular limtation on the method by pshf ch the capped poly(aryl ene

wherein R® is C-Cy; alkyl, preferably C;-Cs alkyl, more preferably methyl, ethyl, or
isopropyl. The present inventors have surprisingly found that the advantageous
properties of their invention 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

O—=0

R]3 R12

wherein R°-R'? are each independently hydrogen, halogen, C;-Ci2 alkyl, hydroxy,
amino, or the like. Preferred capping groups of this type include salicylate

(R’=hydroxy, R!%-R*=hydrogen).



ether) is prepared. The capped poly(arylene ether) nmay be fornmed by the
reaction of an uncapped poly(arylene ether) with a cappi ng agent. Cappi ng
agent s i nwbwd®s72ednpounds known in the literature to reactCwusas/pisenol i c
groups. Such conpounds include both nononers and pol yners containing, for

exanpl e, anhydride, acid chloride, epoxy, carbonate ggter,.iso%yanate,
cyanat elnessilleanotioer prefeyied reabagémenidiheagapped AT ST CUREISERA | i mited to

organic, ¢ ounds as, for .e hosphorus and sul fur based cappi ng
agent s @pﬁgﬁgpgmpﬁgyaggﬁ?wgﬁﬁ%%hﬁgnﬁ% cappi ng agents include, for exanple,
acetic anhydride, succinic anhydride, maleic anhydride, salicylic
anhydri de, polyesters conprising salicyl%}e uniXs, honopol yesters of

salicylic acid, acrylic anhydfigde, nethgcrylic \anhydride, glycidyl
acrylate, glycidyl nethacryl at, || acetyl |chloride, benzoyl chloride,

di phenyl carbonates such as CniAropenytQldgr bonat e, acryl oyl esters,
nmet hacryl oyl esters, acetyl est\ers, phenylisocyanate,

3-i sopropenyl - al pha, al pha-di net hyl phenyl i socyanate, cyanatobenzene,

2, 2- bi s(4-cyanat ophenyl ) propane), 3-(al pha-chl oronet hyl)styrene,

4- ( al phaheteloAciret sapurptstyaremsaturgtadyC-Grofivalent Bydogageon BioBP U $onat e and

e L Bol” UL TR ki, et o

m xture Cand’ met hod orm ng capped “pol y(aryl ene
et her) soat@ndast isogdpylbs, exanp-atyleme,U. S. 1Patheyiendlos. 3,43MBYI2E8 t o

Hol och et al.; 4,148,843 to _Goossens; .4, 562, 243, .4,.66 . 5,137, and
5, 091, 48@nethylFef-bay@E; al . 22519ty bi-bulyTery 26%:3‘%‘?%?%2’?%6?“4%3% ’5, 310, 820
to Neli %@Sﬁ{lgt(-lggiltPCH-)gil, (fheﬁ?ﬁn&,oan\ﬁ 80 kb 0 T8lkstappe@pdlyiityiepeameffat ent  No.

261, 574 ers n a preferred enbodinent, the capped

pol y( ar ydsanemay hemyemaytlpdeppreparédidyexammet by reastioanol A apgerped
poly(arylene ether) with an anhydride in _an ny, r i oner as
sol vent Polyfarglens, ﬁ?%%)cwltﬂaas CY‘ﬁ@ éﬂqgﬂfeaéaepp o1e gé%lgr a Ifcﬁgg{zﬁ% ag%}[’)dgg

pol y(ar 3651??&% 8558 Inclued fSr0siipiatmaen ApRydritee diairt ynhydrivdeglutiich ot her
conponent o forma curable conposition;tgghgg this nmethod, no isolation

of the ecamykide, gsipig eahydrisaepihalisranhyiidesps unwant ed sol vents or

reagents is required. A capping catalyst may be enployed in the reaction of

o0 Snc 2B, BRI CHLR B W oo PN Sppaphasceich
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
include both monomers and polymers containing, for example, anhydride, acid
chloride, epoxy, carbonate, ester, isocyanate, cyanate ester, or alkyl halide radicals.
Capping agents are not limited to organic compounds as, for example, phosphorus and
sulfur based capping agents also are included. Examples of capping agents include,
for example, acetic anhydride, succinic anhydride, maleic anhydride, salicylic
anhydride, polyesters comprising salicylate units, homopolyesters of salicylic acid,
acrylic anhydride, methacrylic anhydride, glycidyl acrylate, glycidyl methacrylate,
acetyl  chloride, benzoyl  chloride, diphenyl  carbonates such  as
di(4-nitrophenyl)carbonate, acryloyl esters, methacryloyl esters, acetyl esters,
phenylisocyanate, A 3-isopropenyl-alpha,alpha-dimethylphenylisocyanate,
cyanatobenzene, 2,2-bis(4-cyanatophenyl)propane), 3-(alpha-chloromethyl)styrene,
4-(alpha-chloromethyl)styrene, allyl bromide, and the like, carbonate and substituted
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art that are capable of catal yzing condensation of phenols with the capping
agents described above. Useful materials are basic conpounds including,
for exanpWe,03bsmet conpound hydroxide salts such as sodi weTtisds/osesie,

pot assi um hydr oxi de, tetraal kyl ammoni um hydr oxi des, and the like; tertiary
al kyl am nes such as tributyl amine, triethylanne, di rret hyl benzyl am ne,

di net h)debtheaﬂlen\@famdi mixsinks thereof. e Flagsa ppd othexmgtherk of fosminesap and

substitu er| vVes her f S [ % h I
ami nes B9 ‘Ff o Ed 2 8FeST) e% n%%nﬂg?fd %sl?al%%lﬁtlggpdieﬁsszaztgl §)te§r ?ﬁg?elofc
such asgdoseéthyl 4qu@%zmIt@Goassenmmsmmzda,z@Bes 4024 4(GhiSnietT handamdNd By r i di ne,

4-(1- |
Ty nﬁﬁéia%r&_z%pﬂ'ﬁ%ﬁﬁzaymoawé e 60 A a0, o Kol 4 af! "
or gano?%ﬁ’}ﬁ&os\%éﬁeﬁlo Gh. A% e eaﬁ)PﬁfEHJ[ﬁo 34 105G & PGersat dIs known to

catal yze con ensa oh of, for exanple, |socyanat es or cyanate esters
wi th phenols. The organorretalllc salts useful in this regard are known to

;[ Eet ﬁr tIni mtpﬂelf_ii_ﬁe@;aandubbntcahe ga;a)ednpbly)(at}émes ether)| Mk dh PEepakeHoRe ski | | ed
is ar e functi.on | e

ri ng- f URRQUOB 1A a0 AEGARRSAyRC iﬂ EH& h‘@ﬁ/. n%‘i}%’edtrli@%f %J%{ért%?i(egg Aomatic

pol y(arybeiereih 88 1vertS T8RS J;%éc{daﬁrlﬁh NheSdeaneley OApyhaning eehappedonpri si ng

repeating structural units he formula 10 WO 03/ 087223 PCT/ US03/ 10523 r
L2 CHZIpdly(hrydBneLet}m) oHp farm thakgaaihy isweqsliately bhendgd “ﬂ%e%é?{cfé’mpﬂ}e Ydrogen, an

al kenyl oup, 1 1} rQ L&b €58l kENYdr G&O pk§
represe &mbﬁ f_lga CE@TH(%Y%Q ﬁ& tl'ng‘E \Ma:ergl SQIESGHU&ME éﬁ%dependent |y
hydr ogegol@aryi@ctiyher) an@mdviisofanwanteé gelverits omebgtnts #;requitedr ei n t he al kynyl
group is represented by

A capping catalyst may be employed in 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 above. 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
N,N-dimethylaniline; heterocyclic amines such as imidazoles, pyridines, and
substituted derivatives thereof such as 2-methylimidazole, 2-vinylimidazole,
4-(dimethylamino)pyridine, 4-(1-pyrrolino)pyridine, 4-(1-piperidino)pyridine,
2-vinylpyridine, 3-vinylpyridine, 4-vinylpyridine, and the like. Also useful are
organometallic salts such as, for example, tin and zinc salts known to catalyze the
condensation of, for example, isocyanates or cyanate esters with phenols. The
organometallic salts useful in this regard are known to the art in numerous

publications and patents well known to those skilled in this art.

The functionalized poly(arylene ether) may be a ring-functionalized poly(arylene
ether). A ring-functionalized poly(arylene ether) is defined herein as a poly(arylene

ether) comprising repeating structural units of the formula
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-CH2)-C CL b wherein L8 is hydrogen, nethyl, or ethyl, and b is an
integer froml to 4; and wherein about 0.02 nole percent to about 25 nole
percent oWwotohmst2ez al L' -L4 substituents in the ring-functCansos reses
poly(arylene ether) are al kenyl and/or al kynyl groups. Wthin this range,
it my be preferred to have at |east about 0.1 nole percent, nore
preferably at |east about 0.% nole percent, allkenyl and/or al kynyl groups.
Also within this range, it myIQhe pref e(EHgdec have up to about 15 nole
percent, nore preferably up t¢ abput 10/ nole gercent, al kenyl and/or

al kynyl groups. The ring-funct/iong ed pol y(arlyl ene ether) nmay be prepared
according to known nethods. K an unfunctionalized poly(aryl ene
et her) such as poly(2,6- di net erd—et her) may be netalized
with a reagent such as n-butyl i Y and suljsequently reacted with an

al kenyl halide such as allyl &
an al kynyl halide such as profq ide. THis and ot her nethods for
preparation of ring-functionalli zed pon(fnggﬁe ether) resins are

descri bed, for exanple, in U §._ Patent No. 4,923,932 to Katayose et al. It
wi || be understood that the poly(arylene ethers described herein as

"uncapped” or "unfunctionalized" conprise repeating st r]i(ct ral units
havi ng wherefnoraniilLA-123s #idepgndentty hygirogen, i atkeny] oD, 8hah AUYRi & HPal uni t,

each Z' js independently hydro al ogen, primary or secondary Cl-Cl2
al kyl , t‘f}’@r@f;ﬂ%ﬁﬁﬁ@@{? pIs Er“c‘%g{%ﬁ;‘fgr oxyal kyl , phenyl, C-Cl2 hal oal kyl,
Cl- C12 hydrocarbonoxy, Cl-Cl2 hal ohydrocarbonoxy wherein at |east two

carbon atons separate the hal ogen and oxygep® atons, or the |ike; and each
Z2 is independently hal ogen, fpri Etiry or sécondary C 1-C 12 alkyl, C 1-C 12

am noal kyl, C 1-C 12 hydr oxyat@&yiT; (}\ Cl- C12 hal oal kyl, Cl1-C12
ar ponoxy ]\i\AQerei n at | east two carbon
L :

11 WO 03/087223 PCT/ US03/ 10523

hydr ocar bonoxy, Cl-Cl2 hal ohydro
atons separate the hal ogen and

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 L? is hydrogen, methyl, or ethyl, and b is an integer from 1 to 4; and wherein
about 0.02 mole percent to about 25 mole percent of the total L'-L* substituents in the
ring-functionalized poly(arylene ether) are alkenyl and/or alkynyl groups. Within this
range, it may be preferred to have at least about 0.1 mole percent, more preferably at
Jeast about 0.5 mole percent, alkenyl and/or alkynyl groups. Also within this range, it
may be preferred to have up to about 15 mole percent, more preferably up to about 10

mole percent, alkenyl and/or alkynyl groups.

The ring-functionalized poly(arylene ether) may be prepared according to known
methods. For example, an unfunctionalized poly(arylene ether) such as poly(2,6-
dimethyl-1,4-phenylene ether) may be metalized with a reagent such as n-butyl

Jithium and subsequently reacted with an alkenyl halide such as allyl bromide and/or

11



oxygen atons, or the like. Preferably, each Z° is Cl_4 alkyl, and each Z2
is hydrogen or nethyl. There is no particular limtation on the nol ecul ar
wei ght orworBnsTes ¢ vi scosity of the functionalized pol yPampusesieses her) .

I n one enbodi nent, the conposition may conprise a functionalized

pol y(aryl ene ether) havi ng a nunber aver age nnleculg jtyveiB%ht t o about
10, 000 aut dkyny! hakde sishtas prowersy! bpeider dBisandPthes |e8eds 187 BEB2ANY, nore

prefera ﬁwt HIAGLHi888! b7 ehrRt Yibaw 8l ene
et her) %%%n%gnﬁggyﬁzgaﬁ%nggh he gﬁ?é&es%%ﬁg t' he coé@%srtron by
reduci nppatédtNo. U BSEBtY KaiagroWEt@B/ 087223 PCT/ US03/ 10523 I n anot her
enbodi ment, the conposition may conprise a functionalized poly(arylene

et her) havrng an intrjnsic vi ut..0.08 to_ah 30 .deciliters
per gr athwilldie lg)dersm%ff %‘F‘b@‘? g)g?ﬁdené %’f )tséio ﬁcﬁ{?ﬁflq’ﬁmgbade n%pp%drg preferably
about 0“1%1%1&0%0351%5” chﬁHsqueﬁélttlﬁg sBASMI gektd Havily the efroiul at 25C. CGeneral |y,
the intrinsic viscosity of a functionalized poly(arylene ether) will vary
insignificantly fromthe | ntrinsic viscosity of the corresponding
unfunctionalized poly(aryl ene [t hzer) Specificglly, the intrinsic

viscosity of a functionalized pody(arylede ethdr) will generally be within
10% of that of the unfunction X ne ether). These intrinsic

vi scosities nmay correspond appro gtd| y to nunber average nol ecul ar

wei ghts of about 5,000 to AMU. Within this range, a numnber
aver age nol ecul ar wei ght of § 8 AMJ may be preferred, and
a nunber average nol ecul ar wei ght bout 10,000 AMJ nay be nore

about 20, 000 AMU may be prefer ed/ Ssuch\a  funcfionalized pol y(aryl ene
ether) may provide the conposifizh with &'desirjabl e bal ance of toughness
and processability. It is expressly contenpl at to enploy blends of at

| east two functionalized poly(arylene ether)s having different nol ecul ar
weights and intrinsic viscosities, In a referred enbodi nent, .t he

funct i ondiereiedrrotly stwspiiahunib ead ¥ issmg‘iﬂ%l@%{ﬁlﬁ Tgidrqgep, Ralogegs Pk o _
SUbSTI t UL SinahiYCE HE NG, 'L TR IR A CRICKY h3HRPaIRYDBASANEDES , Wher ei n

haloalkyl, C;-Ci, hydrocarbonoxy, Ci-Ci» halohydrocarbonoxy wherein at least two
carbon atoms separate the halogen and oxygen atoms, or the like; and each 7% is
independently halogen, primary or secondary C;-C;, alkyl, C;-C, aminoalkyl, C;-Ci2
hydroxyalkyl, phenyl, C;-Ci» haloalkyl, Ci-Cp2 hydrocarbonoxy, Ci-Ci2
halohydrocarbonoxy wherein at least two carbon atoms separate the halogen and
oxygen atoms, or the like. Preferably, each Z' is Cy4 alkyl, and each Z* is hydrogen or
methyl.

There is no particular limitation on the molecular weight or intrinsic viscosity of the
functionalized poly(arylene ether). In one embodiment, the composition may
comprise a functionalized poly(arylene ether) having a number average molecular
weight up to about 10,000 atomic mass units (AMU), preferably up to about 5,000
AMU, more preferably up to about 3,000 AMU. Such a functionalized poly(arylene
ether) may be useful in preparing and processing the composition by reducing its

viscosity.
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substantially free neans that the functionalized poly(aryl ene ether)
contains |less than about 300 m crograns, preferably |ess than about 100
m cr ogr arwp 03fosaedm ¢ nitrogen per gram of functionalizedCpaiSgg/arsgs ene
ether). Although many poly(arylene ether)s are synthesized by processes
that result in the incorporation of am no substituents, the resent
i nvent o]msariodwe efbodindnh,ethe tchlepmts@t mep cPgripe e dgnchippal iz8¢ PeYsBHHRen t he

functi on t.h I f

Gt | (B SEVinB bRy E RS A ol BRI 1Y, ddcfiferd pef Bkt

substi t 4! V% {)fé?éfaﬁ\@ 2Byt NEB iozdut dBO eiLrg, ymae pgﬁmabma@duwztmaabwg
S

am no- sub uted pol y(aryl ene et he7(§)s to at |east. about 200C.
Al t er nab.B0ellyg as fepsveed undthi)roﬁmn tedd ol Geeralive the igtrinsic) VissstuPha ani no

substi t nts desjir r erature
ess t hiteIGUGEE BUSEE o B hs SR AEREA TR ket TR e Bt
conpri sgr elemo%@%&hmfgt uﬂfe@cﬁtontwedfp@maﬂymnaletmﬁ mdc;ﬂcaﬂy,l tementriesiber s) . Such

bl ends nay be prepared fromindividually prepare L } g h

funct i omt@sztecbf upetianplisetepdy@arene. ethgry 3k gensrally, (ﬁél‘? d artnay be
prepared y | en h t agiayt

functi oﬂ%l %ll‘il ngﬁ%%&t%h% Jﬂ)%li (EQ’E% gt%é ?h@sgr sﬁ t)elrrltég& e??tg’s}deg e react ed

with tV\@orﬁ:‘@EQnd"lgppt@Qﬂflﬁelydb 1mmlq@olay¢1agg/ Inmiecu&rhwcl)gh‘mty” %@uhétOQ itted and
react ed ents. .ln.anot g%natl ve, a

mi xt ur ealéﬁu'féztStO\lagdgl{’}%ta\t/@rl H’Itg{saf @e%té‘hg’gﬁre?‘ T4gs Iholecuidy Web%}ﬁ r eac{e with a

single %ﬁ)ak]'l\l NHa P OE Rleferldie a6@BPARhBdr AR eRRY nﬁkﬂéﬂmﬂars\ﬂelgﬂﬁeof at
functi on aryI ené ethef) in an amount of _conprising about 10 to

about 90baptaaitt0$lt 119 OﬁeuAgMU pey beonorpareferred: s Wiithinothiy raageotah’éum er

functionalized poly(a e_et her n a the
acryl oy FYeIRgh ? LX% g%]tgﬁg uBoﬁoyﬁ'%&r‘ﬁt c2t0h® i wy’ln\é}?t hi FEDrgﬂgfaa it my be

pref err gghctiBnalsRd 3polfdRgéreoattr) zaaly rp@d)\yl(lartyd: enmpesitien )wﬂmaud@smbleat | east
about 20 parts by weight, nore preferably até}:{east abg&t goo R}a{ s by
wei ght . balases @ ttﬁmgtm@tﬁ and aﬁ@essabltﬂx’raﬁt B XDIESSEY% CPREMPBTGSs 4

f unCt | O%f’% g 89 oP ?éagt( o hﬁlgﬁor%hgﬁf h%)l?{;é?ﬂgﬁe SheP hhAn@ AFrert nelasdlar by

nore preferably parts by weight, yet nore preferably
up to a&t@gltts&mmamssctaycmmeght, still nore preferably up to about 50 parts
by wei ght.

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
about 300 micrograms, preferably less than about 100 micrograms, of atomic nitrogen
per gram of functionalized poly(arylene ether). Although many poly(arylene ether)s
are synthesized by processes that result in the incorporation of amino substituents, the
present inventors have found that thermoset curing rates are increased when the
functionalized poly(arylene ether) is substantially free of amino substituents'.
Poly(arylene ether)s substantially free of amino substituents may be synthesized
directly or generated by heating amino-substituted poly(arylene ether)s to at least
about 200°C. Alternatively, if the functionalized poly(arylene ether) contains amino

substituents, it may be desirable to cure the composition at a temperature less than

about 200°C.
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The conposition further conprises an al kenyl aromatic nonomer. The al kenyl
aromati ¢ nononer nmay have the structure RI6 R® q H2C P wherein each R 6
i s i ndepewoansm2hydr ogen, Cl-Cl2 al kyl, C2-Cl2 al kenyl, @2T@st2105as kynyl ,
C6-C 18 aryl, or the like; each R 7 is independently hal ogen, Cl-Cl12

al kyl, C1-Cl12 al koxyl, ©6-C18 aryl, or the like; pis 1 to 4, and qis O
to 5. VWencqmpositicmemayickamyise artdenst pE ahlsagn@ro fupcienalized RoOERIFMhct i onal

al kenyl _ar amatj ¢ no X =2 t hey.a \ s ris

Fer moa 501 y BT Ty g FesREe, fopd AU brg R

ar onat i fandRMAIRISpoIRCkae ahysenalteirhtivOyDSIdsT2RB REGTbLPIFatBbbB

al pha- net hyl styrene, al pha- et%l tyrene, al Fha-étj s?.pragall st%/r(%ne:F

al pha- ttepatingr 3 Simgley pely(ardsne ¢ Féh‘éil-ﬂbﬁé%‘iﬁisg W dHRCUOLHF I, 88 ke hal ogenat ed
styrene ch t i y etwd rdapphiner Sehié! &nea

br ormstyrareni)&’ aglﬁ)gr\?g%@?y?tgﬁz,emﬁi%?g%%ge{dyﬁ%e,twfI ufc))ﬂ; ogt%r%ene, )

di f | uormsy(sryéae, ether) fhajo besnatalézed, andt mactad | with ¢we ymesuratyseplkgiRtindr ost yr ene,

and the |ike; hal ogenated al kyl styren ch. a r t ene, and
fhe |1 a8ent UBRISTTr AREE TS TR e Ao Ry anb @ T SRR hE s 218 e
like; pol MEUBELARNNInAt KON InaBLRERk. mONomers such as 1, 2-divi nyl benzene,
1, 3-di vinyl benzene, 1, 4-divinylbenzene, trivinyl benzenes,

1, 3-di i sopropenyl benzene, 1, 4-di i sopropenyl benzene, d the |like; and

! a

mi xt ur eEhe cappasitiingayeomprissithe fmchenalized P@W@gﬂ?lﬁ-’gﬁaﬁ’fﬁ Bhin agp ic
nmononmers. 1 n.the for [ [ r ' RAOofSbSt i t uent
posi ti o%or{l%nséllﬁ?e%%?égggtaﬁ(gltsgéggt%t@%@gh%n%g@g?%ﬁé?ﬁg\%f/g }g ?%te %osi tion on
t he ar offlatiienalized). pdby(afydome eether)k ey | allemyhreroroatio moeremeri ks wdwledyr ene,

e e St Y 1C ot DA ¥R BB BB 3 o,
1, 4- di Vi BeiZENBolylarsiehl bBEIARRAY bPENRENAGbout 20 parts by weight, more

preferably at least about 30 parts by weight. Also within this range, it may be

preferred to use a functionalized poly(arylene ether) amount 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 alkenyl aromatic monomer. The alkenyl

aromatic monomer may have the structure

wherein each R'® is independently hydrogen, C;-C,; alkyl, C,-Cy2 alkenyl, Cy-Ci2
alkynyl, C¢-C g aryl, or the like; each R'7 is independently halogen, C;-Ci; alkyl,
C;-C; alkoxyl, C-Cig aryl, or the like; p is 1 to 4; and q is 0 to 5. When p=1, the
alkenyl aromatic monomer is termed a monofunctional alkenyl aromatic monomer;
when p=2-4, the alkenyl aromatic monomer is termed a polyfunctional alkenyl

aromatic monomer. Suitable alkenyl aromatic monomers include styrene,
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1, 4-di i sopropenyl benzene, and the like, and m xtures conprising at |east
one of the foregoing al kenyl aromatic nononers. Preferred al kenyl aromatic
nononer s Woroslegr223 i ncl ude styrenes having from1l to 5 hal @gerusesieses t uent s
on the aromatic ring, and mxtures conprising at |east one such

hal ogenat ed styrene. Al kenyl aromatic nononers are commerci aI I avai |l abl e
from nwh;diaemsthsbtyfrm They ainbg-a4hdgyisae.pr epar edalpla-Hepwayist in the

art conmposi I
of - abolrhegrEy-RuETTEY (IR R haRR 5%@”*133%@”%’02 o ﬁé@ﬁ?ﬁ‘t otal of
the fungthonaki zeRlord@rierr y desheoresthveny, tthiehlaldsemyde, arbmtqstyrmnorrer t he

acryl oyl nononer, and the polyneric additive. Wthin this e, it my b
prefer r@hrwst)@@leantrmr%ﬂ%ﬁﬁe&%rﬂé‘PFQ? YIRS o FER OIS B FHE: Otgqurqsggg} > about go ©

bt S Nl B £ ESORAY, Bla b8 AROMnaARIBA e euoR gt A SO

'S ra preferred to use an al kényl aromatic nononer
anmount @ﬂommethymjaenﬁ 8@dpahd sliby, vakadystyranos e syahefasr apetroxystyrene, about 70

parts by wei yet or ef. er abl. p bout .60 ht, still
ror o préhevabgeulotanbkE st parteebyer gt E BThRa e S
PCT/ USO?Q %geﬂ-ﬂﬁecoqpﬁ&'viﬂy%énfzéﬁet het 4chvipyibsesnan agvivlidyhzenesyonmer. The
acryl oyl” nono rises at | east one acryl oyl npjiety having the

struct uk,8- cﬁisopropbr@l@nzerrps LA-disepropeantrcarancrIBdaiy KEG and warHres
| ndependent th 8Pé 8&% re%cﬁllgx ke tr&? id lnbf m@l@dln Yg{gq’&% HinR18 and R19

may be TR car on- car | e bond.
Prefer aﬁib)émtulféh&?stmdeﬂi& ﬁhlehemchlbsﬂdepemei ¥s hgadrfmgemeosuhs‘etuhyﬂs In one
enbodi ment, the acryl oyl nonomer conpri.ses at |east two acryl oyl noieties
havi ng MAE 0aBRY AN ficg PPiHeN o HhejomaliGpe. pol yfunctional acryl oyl nononer.
In another enbodi nent, the acryl oyl nononer conprises at |east three

acryl oyp il iaﬂ?ényl aromatic monomers include styrene, alpha-methylstyrene, 2-
methylstyrene, 3-methylstyrene, 4-methylstyrene, 2-t-butylstyrene, 3-t-butylstyrene, 4-
t-butylstyrene, 1,3-divinylbenzene, 1,4-divinylbenzene, 1,3-diisopropenylbenzene,
1,4-diisopropenylbenzene, and the like, and mixtures comprising at least one of the
foregoing alkenyl aromatic monomers. Preferred alkenyl aromatic monomers further
include styrenes having from 1 to 5 halogen substituents on the aromatic ring, and

mixtures comprising at least one such halogenated styrene.

Alkenyl aromatic monomers are commercially available from numerous sources.

They may also be prepared by methods known in the art.

The composition may comprise the alkenyl aromatic monomer in an-amount of about
10 to about 90 parts by weight per 100 parts by weight total of the functionalized
poly(arylene ether), the alkenyl aromatic monomer, the acryloyl monomer, and the
polymeric additive. Within this range, it may be preferred to use an alkenyl aromatic
monomer amount of at least about 20 parts by weight, more preferably at least about
30 parts by weight. Also within this range, it may be preferred to use an alkenyl
aromatic monomer amount 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.
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havi ng the above structure. In one enbodi ment, the acryl oyl nononer
conprises at |east one acryloyl noiety having the structure RRO RR1 O R22
wher ei n RRO-0B@87223 € each i ndependently hydrogen, Cl-Cl2 alPkylyso&Zpmses 2
al kenyl, C6-Cl18 aryl, Cr7-Cl18 al kyl -substituted aryl, C(err)-C(err)
aryl - substi t ut ed aIkyI C2-C12 al kox arbonyl Cr-C18 aryl oxycar bonyl,
Clerr) - "ﬂieBc:ahj&qshtl@utﬁsthet wonprisesy v Rgeyiayh spgriomer Cal I aeryioy] MORRRET ¢ ut ed
al koxycar bon r| | e car i mdate, thiocarboxylate, or
t he |I%@nqﬁpé$@H 9neﬁﬁﬂogﬁgggpgwyI@ﬁﬁgggégendentIy hydrogen or nethyl .
I n one enbodi nent, the acryloyl nonomer conprises at |east two acryl oyl
noi eti es havi ng the structure aﬁove. I n angt her enbodi nent, the acryl oyl

r

nononer conprises at |east t e acryl oyl ieties having the structure
above. 16 WO 03/087223 PCT/ U$03f]10523 Many laddi ti onal suitable acryl oyl
mononers are described i n—5—$—@ubtL: ication No. 2001/0053820 Al
to Yeager et al. In a preferried enbfdi nent, /t he acryl oyl nononmer nmay

i ncl ude conpounds havi ng at east RWo @d?yl oyl noieties per nolecule, nore
preferably at |east three acryloyl noieties per nolecule. Illustrative

exanpl es |nclude conBounds produced by condensation of an acrylic or
met hacr\}'hercmaBl “cangi R h aze qachepésneaéentb/d@ﬁr%&%nbpgﬁfm%y A 1 Bk @ndy | et her,

but anedi hgyC| |19 et h 0 n i

Speci fi & 3@§5h§1 |gggq%fﬂ%éf¥§ﬁ§ %dﬁg 5%f§&F@t E Sﬁﬁgﬁﬁﬁacrylate
bi sphengbubl&bshd! mmardua,tmlé andl Rﬁ%ﬁﬂaaaacly irmibpendamdiy mm@mtqu rg¢t§xyﬂo|1n

di glycidylether di(neth)acrylate, and the |i so I ded .as acryl oyl
nononer 814 leélbpﬁ’@le%oﬂlﬂ AEHPYOMOBPIER SRTPYEFSadly GF% % ?Crﬁlg)ty ﬁ IS e

COWPOU”HEW ?L@%hn&hfctﬁé A @%M&m&ﬁ%&dﬁpaé@w mhdi@meel yhunct i onal

acrylates ctional acrylam des. " Exanpl es incl ude

N, N- bi s(lﬁeth@rdand)qchmbml $he rmetyh)ya cnarioarer demprisastah jdastribse SRR MALHS| ani de)

1,6 hexﬁgnx;mg Yﬂeea%%eé gtglgcturt h)acrylam de),

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

having the structure

wherein R?°-R* are each independently hydrogen, C;-Ciz alkyl, C,-C;, alkenyl,
Cs-C1g aryl, C;-Cig alkyl-substituted aryl, C7-Cis aryl-substituted alkyl, C,-Ci2
alkoxycarbonyl, C7-C;s aryloxycarbonyl, Cs-Cis alkyl-substituted aryloxycarbonyl,
Cg-Cig  aryl-substituted alkoxycarbonyl, nitrile, formyl, carboxylate, imidate,
thiocarboxylate, or the like. Preferably, R?*_R* 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 least three acryloyl moieties having the structure above.
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di ethyl enetriamne tris((neth)acrylam de),

bi s(gama- ( (et h) acryl am de) propoxy) ethane, beta-((nmeth)acryl am de)

et hyl acr ywatos/oseehyl ene glycol di ((nmeth)acrylate)), di et rgirases/gisgzol
di (meth)acrylate, tetraethylene glycol di(neth)acrylateglycerol

di (meth)acrylate, glycerol tri(meth)acrylate, 1,3- p(opt)jl ene gl ycol

di (et HYlasy yddditmnal dbjjatdpytceyleyl yewlomsry rese hjesetiladadte 4P‘Hg’c5g‘?fgdi ol

di (meth)acryl.ate, Wi netrial trj,(meth)acryl ate, ’
1, 6- heé?iigﬂ’%?‘%iﬁ()p%q(ﬁf@é%#@f‘i,to X‘%ﬁg%% lohexanedi ol di (meth) acryl ate,
1, 4- benzenedi ol di(nmeth)acrylate, pentaerythritoltetra(neth)acrylate,

, 5- penkang@t@ted dn{uBaIHGACY ladtytoyl idnvRtdn yhayl inclodaoenpiunde hhyiagay| at e,
ri met hyl ol propane tri (neth)acryl ate),
5- tlepsicingl agrylewk m@ﬁe@_ge,rgrpglepplpa?}qq%1preferably at least three acryloyl

g' :r}@i:eiigs: Epg: ;ﬂ%&fl&l O%H&Eﬁﬂ{%’ )&Q?%Yés HcRRiRN€ompounds produced by

! acryl oxyet hoxy) -3 - di br onophenyl ) propane,
, 2- bi sédpdefsasidm paa ydrokydpinethyérype epdvath a di-epoxide, such as bisphenol-A

2, 2-bi s((4- (meth | oxy)-3,.5-.di b henyl : '
it ur G S b aed b A i SR e HeePaBlR e iel sk iulister <7
wi bes]!,egglﬂ?c[ ??Eeat ed il?llefude t1H*lﬁb&tlilﬁaﬁr&raigiyeiraigtena)ea@r(ﬁietﬁ)adglram eisphértdber

“acryl - “nethacryl-". High preferred acryl oyl nongners cl ude
trinet il ol gighpaiykstieri ( dempthaerylpteat e and 1, meppsEayiglyre| o‘?lg%‘tdbigeg'ﬁ yl ate,

ey e Aty gl TRPMAC KD 2 SusPrAAhEN S ohotenly idoHR-034087223

PCT/ USO: . cryrate, cyc exane anol di (neth)acryl ate,
but anedisdhdaih bf agkiveicylad @tmythemylag operpountis(with hlcakoly aeminetr i et hyl ene

glycol di(nmeth | at e, 1sobornyl h .
(rmet ) s prabes DBURIERG ) SERYICHEL PRy o (HATHRGIeR | e gy
f umar at Xalg#ﬂlg%lt yl mal eat g,q0! yci dyl I\J(I‘Jﬂﬁi&ﬁl?ﬂl?bg?étﬁyl?(ﬁ{éﬂi’)bcr nreiidy,acryl at e,

2- et hyl hexy met h)acrylate, hexyl (neth)acr e, lauryl (et hgacryl ate,
st ear y| nietistdnehis (et mryldmidd), (et h) atoyheapmet 1}’]@3@13}1;((1(1%@3/34@ dpideht e,

ethoxylated (3,.6,. 9, 1 d 20) .trinethyl ol I I
pr opoxya%ﬂf%en(e@laaﬂae Qﬁrlsf@?%taWP%Tlg?)oggﬁ@d rr?%{{g{%ﬁ?%gl%{éé gi g%]%&[ Keat FI ke,
and m XtgheS SAERMhehAGyRInii©asthyRrs/1at, ethglchor ggail ndi(@mtkaylataypnoner s.
Acryl oyl nononmers are conmer ci al fyy avai l able fro (nuet rous squrces. They

m atc

ey al Sistiylensr epwwebdlifyethseniaie, KerAPYopet lycak (di(methjacrylateglycero
di(meth)acrylate, glycerol tri(meth)acrylate, 1,3-propylene glycol di(meth)acrylate,
dipropyleneglycol di(meth)acrylate, 1,4-butanediol di(meth)acrylate, 1,2,4-butanetriol

1
t
1, 3,
2, 2-
2, 2-
2, 2-

tri(meth)acrylate, 1,6-hexanedioldi(meth)acrylate, 1,4-cyclohexanediol
di(meth)acrylate, 1,4-benzenediol di(meth)acrylate, pentaerythritoltetra(meth)acrylate,
1,5-pentanediol di(meth)acrylate, trimethylolpropane di(meth)acrylate,
trimethylolpropane  tri(meth)acrylate),  1,3,5 -triacryloylhexahydro-1,3,5-triazine,
2,2-bis(4-(2-(meth)acryloxyethoxy)phenyl)propane,
2,2-bis(4-(2-(meth)acryloxyethoxy)-3,5-dibromophenyl)propane,
2,2-bis((4-(meth)acryloxy)phenyl)propane,
2,2-bis((4-(meth)acryloxy)-3,5-dibromophenyl)propane, and the like, and mixtures
comprising 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, propylene glycol
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The conposition may conprise the acryloyl nononmer in an anmount of about 1
to about 50 parts by weight per 100 parts by weight total of the

functi onavD2a4872p®l y(aryl ene et her), the al kenyl aronati cPEOrso®10523 he
acryl oyl mononer, and the polyneric additive. Wthin this range, it nmay be

preferred to use an acryl oyl nononer anpunt of at |east out 5 parts by
wei ght , difroeth)asrddter abl y~ at | exstahesnsdimatbanohrts by  wei@st altsa &t wi t hi n

thisr refe t of upto
about e dofPiREEpE HHERshe Hagy) y<ﬁ%5¥4°ﬂ>‘%83?“& ety el ght
yet nor &(lﬂéﬁﬁa%fﬁ&by Up 1§db021@/1@ﬁd’th)i01b%tmel ghtyclblexghe enfosdlieemyiate, i n
addition to the %Mene et her the p

I I d,
and. t heburiprnaepattRl (eDuEa b ARSI SN PR SO yirer 1
additiv ang Vi Rl gI gﬁgﬁz c'rﬁQtete”P%fll?IHékg()' e(ﬁ,cet};)g@rp]agg eqgeafl to 100C

and a S rmdul §s Ies n ‘or equal 0 MPa "at " 25C; wherein the
pol ymer {(igetApdiyldty, elausyl s@hatb)aerylate,t ﬁearyb fiethgasrflainc deoy aamezle)@cwkﬁt‘y (aryl ene
ether), al kenyl rratl nono d 0 o] erature

| ess thaﬁylor(née(ﬁ@é‘?ry A% S%Xyliafegenﬁ b@ r?ae%?r %18 @gtﬁ? o S nlg%c addi tive
is sol um(ﬁle‘c}ga&pﬁte‘:ﬁl’@ﬁbﬂﬁgmdfw Bed bPRahdtEREIpRYaNE ﬁ[(ﬁieﬁ’f)@cr?lhfbe m)d thal kenyl
aromati ¢ non acryl oyl nonormer at a terrperature | ess than or equal

to 40C, likpred prisfuessabmprisogat taasirpngrof dhpifareepds asylhNonss 23
PCT/ US03/ 10523 30C, still nore preferably I ess than or equal to 20C.

f‘ﬂgg??g ﬁxgp)f%}g Cfngpil’(lﬂ%é(’lé Bl gor}ntﬁg)ichaﬁgr] Milhﬂ)l@: (}if{drﬁ %ﬁn@fdu@ Robiked. Nahe} ARy

ary ene e kenyl aromatic nononer, the
acryl Oyhlsme?i’@hredaiydnéth@dsﬂaiowmmﬂm atdi ti ve are capable of coll ecti vel y
formng a solution, preferably a substantially hormgeneous solution, at a

tenperature | ess than or equa substantl e

sol ut i oﬁﬂemfr}pgsﬂlﬁ’éé’ﬂﬂy tHap lsteh@esaﬁpg?ii’lolﬁ ¥ and ?@8%%% %og%%gr}ﬁ by wei ght
of part 5\9&&85@ epy tkaphtl perm100 %H?{sebyl\ﬂelgllityudalﬁeﬂ&h@rfunafhmahzﬂdut| on
preferably contai ns Iess than 0. 01% by ght of particles er than 1
m cr onepely(drpleanpthenithes plsany! Hiemplis Wm@f ataa.am\lfevl HRNOANT4 g%‘g aher ansition

tenperature | esg than RESLErBRLY oh 1ok BBndheequal to
75C, rmlp8fy8} é’F@?g B y Iwe)lghégtﬂﬁﬂan G léglggbe P 0 ﬁ%e% eve?l i y

amount of at least about 5 parts by weight, more preferably at least about 10 parts by

weight. Also within this range, it may be preferred to use an acryloyl monomer

amount of up to about 40 parts by weight, more preferably up to about 30 parts by

weight, yet more preferably up to 20 parts by weight.

In one embodiment, in addition to the poly(arylene ether), the poly(alkenyl aromatic)
compound, and the acryloyl compound, the composition further comprises a
polymeric additive having a glass transition temperature less than or equal to 100°C
and a Young’s modulus less than or equal to 1000 MPa at 25°C; wherein the
polymeric additive is soluble in the combined functionalized poly(arylene ether),

alkenyl aromatic monomer, and acryloyl monomer at a temperature less than or equal

to 50°C.

It may be preferred that the polymeric additive is soluble in the combined
functionalized poly(arylene ether), alkenyl aromatic monomer, and acryloyl monomer

at a temperature less than or equal to 40°C, more preferably less than or equal to
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nore preferably less than or equal to 25C, even nore preferably |ess than
or equal to OC The polyneric additive has a Young's nodulus |ess than or
equal to wO0B/08Ra3 at 25C, preferably | ess than or equal PETAGO/MB23 at 25C,
nore preferably less than or equal to 10 MPa at 25C. In one enbodi nent,
the polyneric additive is selected fromthe group consisting. of

pol y( al ¥eeay stihyatre pefiyalbly dess sladnygraddug] to2R8E€h Yenother atay)of de 8Ahgy|

ester)s, = polysiloxanes, ,and. combi patj ons, ¢ riaSi of the

f or egoi %Utﬁg‘f Haligion léa'ﬁ‘it ﬁle\/fgg?tloﬁafﬁzﬁgo?(g% ?eneaelct}?]elrp%%/egguﬁ%l ‘5(1:1I(()mrr%l;£5 ?se a

pol y(al &%H&heQYQ%OQ&?WD)moMé@bérﬁl theo| pelhdeniakditiydr acaichmbles dfncl ude
those conprising at [east 80 wei ght percent, E}r@eferabl y at .| east 90 wei ght

per cent golteotieclp feriang blsplusion) praferabdp aebyditiafy herReencops pelutiony @ 2pr ef er abl y

at | east 98 wei ght percent, . of _repegti St.r i | nO:.t he

f or nul atemr%%q?swﬁ%? Q@qufhg) %?83?&%@5&@% g@%k?‘%gg%gdwﬂérq%sn R23- R26

ar e eacﬂlebﬁﬂ%gﬁtﬂ@%&h% Ry REa8ss thdn G126 BY kydight G2 paitidlea! greamy thatb C18 aryl

C7-C18 aral kyl, or Cr-Cl18 al kylaryl. In a preferred enbodi ”Ed‘lt(y R23- R26 are
P

each i noegendentih pnyylimenséon. Che sllntian pygferably contagmsplesy apP01% PYone

enbodi nent he..pol | kenyl, . [ Sark of heteroatons. In one
ermbodi nitERt f’#%arﬂgf’@%%ﬁléﬁ]ﬁ 1@%?‘%@%%@%@ rq%@enggﬁbri se pol ybut adi ene;

pol yet hyl ene; pol ypropyl ene; pol ybut ene; poly(4-methyl-1-pentene); a bl ock
copol ynmghe 9@1/'§B{eiri§ iafgitide hbs 5lgldeb aaksititratenipsratire s lthamsoriegaslitor 0pf@duct  of
styrene and/or al pha-nmethyl styrene and a second block that is the

hydr oge patfardblypess year dregualon 797 Gauere weferabhalgssethan anenust tg Aobr Y or the

i ke, or a conbi hation conprising.at |east one of. t.he 0j
pol yol efi% Prqf‘?{a‘é}i’ié?sﬁéli‘a“e?ﬁf@&?]r@&g, 8t R Pé%ﬁ%&p’lle%)}gg%%g?dgg%o may
conpri s%o@ol yet hyl enes,
The polymeric additive has a Young’s modulus less than or equal to 1000 MPa at
25°C, preferably less than or equal to 100 MPa at 25°C, more preferably less than or

equal to 10 MPa at 25°C.

In one embodiment, the polymeric additive is 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 may comprise a poly(alkenyl hydrocarbon).  Suitable
poly(alkenyl hydrocarbon)s include those comprising at least 80 weight percent,
preferably at least 90 weight percent, more preferably at least 95 weight percent, still

more preferably at least 98 weight percent, of repeating structural units having the

RS RY
|
C C
| l 26
R R

formula

24
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pol ypr opyl enes, pol y(4-nethyl-1-pentene)s, pol ybutadi enes,
carboxy-term nated pol ybutadi enes, pol yi sobutenes, polyisoprenes,

et hyl ene-wooppseae copol yners, et hyl ene-propyl ene-di ene PETHHYNELS,
styrene- but adi ene copol ymers, styrene-isoprene copolyners,

i sobut yl ene- |sopr%ne copol ymers, but adi ene- |soprene copol ymer or the
li ke, owheribRART e cechnindersndgntht hydsegan, 6m€ 1o plkyhdr }Qe%]ﬁnﬁg Gsol yol ef i ns.

Sui tabl pol ydr rb 2ng2a 9. net hods
vl | Khant Frci e R R R T S R KT e s

Pat ent é\!@ﬁ m@ep%ﬁaenﬂ@aaydkﬁgeﬁebmsk alkst, calCyrCi3, #@5yD4R bue Wabadigtenal .

4,230,767 to Isaka et al., 4,892,851 to Ewen et al., 4,298,718 to I\/ayr et
al ., 4, Bapohiaikenyl hdrecabon)is freg ofboieieslemsy Fwen, 4, 975, 403 to Ewen,
5,243,002 to Ravazi, 5,308,811 to Suga et al., 5,444,134 to Matsunoto, and

6, 090, 8(?;12 oh8 he MiQirfentdkne ?H%@}P&Fyl ngﬂdydcaébksﬁﬁhkayhy&lﬁm@r beipbstadisye; al so be

obt ai ne om commer ci a l'ters, “including, for exanple, the
pol y( et hyllyethglehast ylbcéym))pylsm d mlybmmeon pp&(@rmﬂyldqunmmm\xaf) blotkp3 and

L2203; and the carboxy- grmn n 0 SoI utions
as HYCARRROYMSOeRINAEIN ﬁ‘d (]3&?521?9’ g r? ng%(laosheh’g)dg|¥tmel§i&r)1tg
pol yrer b&d/aldda{;mavl%eﬁ@npgty&ﬁ@ ancpohyéaiok&l bromet ﬁ“)aaCfsyIthé e)lydro@mlatedbl e

pol y(al kyl h)acrylate)s include those conpri SI 0 wei ght
per cent polfyrr@ﬁ@&ttm product] efabutadipesy andfor HEPGRE; (He‘ih&‘é Ohﬁr“é’"a%“é"‘\%é’f“abl y at

L?g?;rgg‘?@tpﬂ?“%%@lg Y\Q‘ng%gg&ég(“ﬁ%/ er%;OSZS wei ght percent, still nore

cent, of repeating structural units

having the formula O CR2s CH2 R27 wherein each R27 is independently
hydr ogeiin afoti@t &ybodimant, éscholR@dkensgl hycueqaebmné nmayycomxs@mlwwnes
Pr ef er abl R28 is C2- [ St0o efix
" (et h) Q@%’W"Pyleé“%nll?qlgg IB?tF%]e]r'pelg‘S‘??f’ "poﬁ}’bui?fg?rf‘?gtr y?llrw%;' gg%d
pOl y( al ?)5 bRl ac rp)S {y3doBhifenbd) C lpetigsoptées e@mﬁé@p@?ﬂ?ﬁmtdﬁmlyﬁm ylate),
pol y(meth )?7 met hacryl ate), pon thyI acryl ate) P et hyl nethacryl ate),
pol y( buteilylene-propylene-diene terpolymers styrene-butadlene copo ymers styrene isoprene

copolymers, isobutylene-isoprene copolymers, butadiene-isoprene copolymers, or the

like, or combinations comprising at least one of the foregoing polyolefins.

Suitable poly(alkenyl hydrocarbon)s may be prepared according to methods well
known in the art, such as those described in, for example, U.S. Patent Nos. 3,281,383
to Zelinski et al.; 3,595,942 to Wald et al., 4,230,767 to Isaka et al., 4,892,851 to
Ewen et al., 4,298,718 to Mayr et al., 4,544,717 to Mayr et al., 4,794,096 to Ewen,
4,975,403 to Ewen, 5,243,002 to Ravazi, 5,308,811 to Suga et al., 5,444,134 to
Matsumoto, and 6,090,872 to Albe et al.  Suitable poly(alkenyl hydrocarbon)s may
also be obtained from commercial suppliers, including, for example, the
poly(ethylene-butylene)s sold by Kraton Polymers as KRATON® 11203 and L2203,
and the carboxy-terminated polybutadienes sold by Noveon Solutions as HYCAR®
2000X162 and HYCAR® 1300X31.

In one embodiment, the polymeric additive comprises a poly(alkyl (meth)acrylate).
Suitable poly(alkyl (meth)acrylate)s include those comprising at least 80 weight

percent, preferably at least about 90 weight percent, more preferably at least about 95
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acrylate), poly(butyl methacrylate), poly(2-ethylhexyl acrylate),

pol y(2-hexyl acrylate), and the |like, and copolyners of the correspondi ng
nononer s, wand/oguebi nati ons conprising at | east one of thecCrarsesyoisng
poly(al kyl (meth)acrylate)s. In one enbodi nent, the poly(alkyl
(meth)acrylate) may conprise poly(butyl acrylate), pol %/(2- hexyl acrylate),
or the ilgdt pacentostiil madre qusfermbhypai Basicpbatt P& agighs merent, taersagrggoi ng
poly(al kyl (meth)acrylate)s. Suitable poly(alkyl (nmeth)acrylate)s may be
prepar eﬁr%@@r‘mﬂ% a‘t”égﬁléetz%‘agéknom in the art, such as those described
in, for exanple, U S Patent Nos. 3,476,722 to Schlatzer, 4,081,418 to
Barua et al., and 4158736 to Lkewis et al. Suitable poly(alkyl
(meth)acrylate)s may al so be ai\ne)iﬁwm onmer ci al suppliers, including,
for exanple, a poly(nethyl acrylracé) havRffgl a wei ght average nol ecul ar

wei ght of about 40,000 AMJU and a gPI ass tranpition tenperature of about 9C
obtained from Al drich Chem_¢al ascm_g@f_f: er 18221-4; a poly(ethyl
acryl ate) having a wei ght avérage jnol ecdl ar/ wei ght of about 95, 000 AMJ and
a glass transition tenperaturg of about -28C obtained fromA drich

Cheni cal as product number 18188-9Rand pol'y(butyl acrylate) having a

wei ght average nol ecul ar wei ght of about 99,000 AMJ and a glass 21 WD

03/ 0872 =T/ W t t f @b auUhde88sntlgbt ai ned
from Al r}egggéggnggiﬁoﬁlggpeﬁl?(%%&?t&drﬁ%#bcgiﬁpai%h%{cﬁe.a@I n one ergb%odi rrgnt, t he
pol yner i%-@e dikyl.v Preforgbiy, RS in GaeTydlitylnylt weidh o yndesstpecdiihas thgypreficyi ny|
ester)s include those conprising,at .|east 80 weight percent, preferably at
| east ab@f}?dl)%ry’ iSRS 108 (Y ip (% BPﬁ]r"%ﬁygm y at |east about 95 wei ght
percent, still nore preferably at |east about 98 wei ght percent, of

repeat i RGitgh16 UsSIHaRyl UnidiDadigmtd)g intlhée, f for nedagnpl2, | pol@nietRAdacrylah) CH2

poly(methyl methacrylate), poly(ethyl acrylate), poly(ethyl methacrylate), poly(butyl

acrylate), poly(butyl methacrylate), poly(2-ethylhexyl acrylate), poly(2-hexyl acrylate),
and the like, and copolymers of the corresponding monomers, and combinations

comprising at least one of the foregoing poly(alkyl (meth)acrylate)s.

In one embodiment, the poly(alkyl (meth)acrylate) may comprise poly(butyl acrylate),
poly(2-hexyl acrylate), or the like, or combinations comprising at least one of the

foregoing poly(alkyl (meth)acrylate)s.

Suitable poly(alkyl (meth)acrylate)s may be prepared according to methods known in
the art, such as those described in, for example, U.S. Patent Nos. 3,476,722 to
Schlatzer, 4,081,418 to Barua et al., and 4158736 to Lewis et al. Suitable poly(alkyl
(meth)acrylate)s may also be obtained from commercial suppliers, including, for
example, a poly(methyl acrylate) having a weight average molecular weight of about
40,000 AMU and a glass transition temperature of about 9°C, obtained from Aldrich
Chemical as product number 18221-4; a poly(ethyl acrylate) having a weight average
molecular weight of about 95,000 AMU and a glass transition temperature of about
-23°C, obtained from Aldrich Chemical as product number 18188-9; and poly(butyl
acrylate) having a weight average molecular weight of about 99,000 AMU and a glass
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wherein each R29 is independently ClI-C18 al kyl, C2-C18 al kenyl, C2-C18

al kynyl, C6- C18 aryl, C7-C18 al kylaryl, C7-Cl18 aral kyl, and the |ike,
wher ei n eaoh3os72ehe foregoing groups may, optionally, bePsxhsosneseed with
one or nore substituents including epoxy, hydroxy, am no, carboxyl, and
the like. In one enbodiment, each R29 is independently C1-C18 alkyl. In
one enmbedisienttempeatur&d absui HPEEe nbliine( yiraps-Addrich &lheymcal iy MEOBICES er abl y
C3-C O alkyl, still nore preferably C3-C7 alkyl. H ghly preferred

pol y(vimymbead8%4- i ncl ude pol y(vinyl acetate) and copol yners of vinyl
acetate and an acid-containing vinyl conpound, such as, for exanple,

met hacr iyl bfe eRGIEmOAt, ThObONinerid Gidditive keempakas( ¥ ipoll viesit estdr).pSeftahlabl y has a
nunber average nol ecul ar” wei ght of about 1 000.%0 about 150,000 AMU.

W t hi n pélieinyhnster)s idudeutioss comprsng shispecll ReighiBrgREt RIRCRRY A | east
about 5, 000, Al 7,0 AMU.. or bt Rt il mge, the
number %Sg raBa‘g{Lér%Y’Slcggf)B‘Fm&%i g 0{"1@%3&%"&9%‘%3? ourbs ?\}oegg,hégg%_%%? 80, 000
AMJ, o B0 HeRrMJat Raafotess peight pemyit, eStepedting stucudd ywiss ywepg of vi nyl
propi onate, vinyl butyrate, vinyl pentanoate, vinyl pivalate, vinyl
hexanoathe foiiulg/|  2- et hyl hexanoate, vinyl nonanate, 22 WD 03/087223

PCT/ US03/ 10523 vi nyl neononanate, vinyl decanoate, vinyl dodecanoate
(vinyl laurate), vinyl tetradecanoate (w nyl mnyristate), vinyl
hexadecanoate (vinyl palmtate)/ vinYl ogtadecanoate (vinyl stearate), and
the like, and m xtures conprisi/ng at |{l east\ one of the foregoing nonomers.
Pol y(vinyl ester)s may be prepared by nethods known in the art, such as
those described in, for exanp eTyN( R>Q¥E demann in G E. Han, Ed. "Vinyl
Pol yrmeri zation", Volune 1, Dekkeri New York (1967), pages 252-255; and K
K. Ceorgieff et al. J. Appl. Roll Sci., 1P64, volune 8, pages 889-896.

Pol y(vinyl ester)s may also arséb gormmercially from for exanple,
LP40A, LP90, and NEULONOO T frowm Union rbi de; those sold under the
ACRONAL(r), ACROSOL, and STYRONAL(r) tradenames from BASF;, DESMOPHEN(r) A

F O By e iy RS liaetes i 18- AMRRAER CRYMRSY -6 2 all YT G2 Val Tey;
C,g aryl, C;-C3 alkylaryl, C7-Cis aralkyl, and the like, wherein each of the foregoing

groups may, optionally, be substituted with one or more substituents including epoxy,
hydroxy, amino, carboxyl, and the like. In one embodiment, each R? is
independently C;-C;g alkyl. In one embodiment, each R? is independently Cs-Ci»
alkyl, more preferably C3-Cio alkyl, still more preferably C;-C; alkyl. Highly
preferred poly(vinyl esters) include poly(vinyl acetate) and copolymers of vinyl
acetate and an acid-containing vinyl compound, such as, for example, methacrylic

acid or crotonic acid.

The poly(vinyl ester) preferably has a number average molecular weight of about
1,000 to about 150,000 AMU. Within this range, the number average molecular
weight may be at least about 5,000 AMU, 7,000 AMU, or 10,000 AMU. Also within
this range, the number average molecular weight may be up to about 100,000 AMU,
80,000 AMU, or 50,000 AMU.

Preferred poly(vinyl ester)s include polymers of vinyl propionate, vinyl butyrate, vinyl

pentanoate, vinyl pivalate, vinyl hexanoate, vinyl 2-ethylhexanoate, vinyl nonanate,
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tradename DEGALAN(r) from Degussa. |In one enbodi nent, the polyneric
additive is a copolyner conprising at |east about 80 wei ght percent,

pr ef er ablwoaB/odmast about 90 wei ght percent, nore preferalPiCy/sn3/iesast
about 95 wei ght percent, still nore preferably at |east about 98 wei ght
percent, of the polynerization product of at |east a first nononer type
and a sefgndeommanee, twipg, devirenisi nvinyle dodecsnogipnéviay! tgpatehndWhe second

t diff t, I, t] 4 t
Consi st IR nOFSe R bolen AERyeinfie: Ry 5E1 JHpAaR.  IEyprouP

al kanoag @siecARGteNiviryl lshiratd)N afd BRSO &G mikfueescamairisigy st least ondef t wo
di fferent nononer types (such as an al kenyl hydrocarbon and an al ky

(et h) athe yérag@hpg moaphers. t han two nononmers of the sanme type (such as two
different al kenyl hydrocarbons). Preferred copolynmers may include, for

exanpl e, .but adi epe-acryl,onjtri r C ¥rit 86dH RAtIRR
but adi eﬁ%ly(élg}yglegﬂeﬁsrg]ﬁé b%og%)eﬁjéﬂﬁgr@f)ﬂ%&}}/dtaﬁe&loiwﬁe?{ lgl?( conbi nat i onse
conpr i siqgrigdd |i@astorongamplet hdlf dt.edandgnanopahy bEs. Hen, dik ENBOdi nent, the

olyneric additive conprise but.adi ene- oni tril opo , a
Bol zchl Belgwerrionus Xa@%ﬁ@ﬁ‘?‘@ﬁg I@%’iﬁ?@lﬁﬁgw& pgegeéggg'izrslgt ?rgan%r eof . 23
VO 03/ O%Z%?éffp&%.”ﬁg /108235l Nosiatose 8IRadi BBIBIG! Relypahyireteis addi ti ve

may conprise ethylene-vinyl acetate copolymers, ethylene-ethyl acrylate
copol yneng, alacr hé oobthined echumathialye fiomyr dore exa@plol Iygr‘g}*%’ LP90, and

acrylonitrile- di ene.copo Pr,S I h b j@fe- styrene

t er pol ymoﬁgﬁt?@(‘?} et %@‘gﬁ?é}h‘%s? rgfaﬁg% ggpo%y@rgiri?!l\%na ’ellélgR@S@L’ Y

anhydr i ggt 9TaRIRIA LROINiuhAdE ghes BASH) DESMORHEN®VA nyém diytatteesscr yl i ¢

acid terpolyners, ethylene-vinyl acetate-a ﬁlic f’dte ol rs, or the

|i ke, osoldamderthe tisdenasenpy NOGRYEP fF%‘éﬁr%% of apﬁg “?SSrSQBlg‘fnr%Fglgpol YNErs.

Sui t abl opol d according to nethods well known in the
ﬁggengmegt%émm®%gg§%g§{s§

art, s S Se descri for exanple, U.S. Patent Nos. 5,053,496
to Bertsch et al., 5,157,077 to Siebert et al., and 5,198,510 to Siebert

et al. Subh@bibodiopet,ythepslymayic adigiye bea @_bpfdb’lfli'éﬂc‘?mbl’rﬁl%ﬁh%?%iag?msuppl iers,
acr yl oniOMaiE pEeg BGSBOval ALY o e irent g ppeteab Mteat
about 95 weight percent, still more preferably at least about 98 weight percent, of the
polymerization product of at least a first monomer type and a second monomer type,
wherein the first monomer type and the second monomer type are different and
independently selected from the group consisting of alkenyl hydrocarbons, alkyl
(meth)acrylates, vinyl alkanoates, and nitriles. In other words, the copolymers include
two different monomer types (such as an alkenyl hydrocarbon and an alky

(meth)acrylate), rather than two monomers of the same type (such as two different

alkenyl hydrocarbons).

Preferred copolymers may include, for example, butadiene-acrylonitrile copolymers,
carboxy-terminated butadiene-acrylonitrile copolymers, or the like, or combinations

comprising at least one of the foregoing copolymers.

In one embodiment, the polymeric additive comprises a butadiene-acrylonitrile

copolymer, a polychloroprene butadiene-styrene copolymer, or a combination thereof.
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acid nunber of 28, a solubility paraneter of 8.14, a nunber average

nol ecul ar weight of 3,800 AMJ, and a glass transition tenperature of -66C,
obt ai ned weo BNEARD 1300X31 CTBN from Noveon Sol utions. | rRConsogndsesi nent,
the polyneric additive conprises a polysiloxane. Suitable polysiloxanes
include those having the formula R30 R32 i O R33 131 n  wherein R30-R33
are each amdepemhadignthihérrdeneringdsiibyg magjcopppise plbylene-winyegestaty) k oxy
C2-C12 al kenyl - Cl2 kyn - : A - -apd C7-Cl18
ar al kyl co %F’n Cegtgg ned?atlh%ex‘lfrg? te%gocl k@@%gd ps %%@g‘g% ﬁ%&;}g{lﬁtylegg

subst i t whadymblsh @Rgonidilermiligebstpdlyaatss selhgttmdthboghate-hsademsup

consi sting of epoxy, hydroxy, cyano, .am dq, am no, .an ar.boxyl ;. and n is
about 3stysnabeRelyIErecthylasrBpisraspilquitrile capdympis, Baleiq gn yﬁﬁpggﬁftgﬁ erably at

| east 1 a nreterr £k 91%'; ; t fels, ciijttgpansant |y
Cl-C12 g&wfﬁktg%lr@n%%@ Cglﬁ{enyl . lg%gbﬁﬁgﬁgﬁrgggﬁes further include
graft anethé-acklicapil tgrmeiwndrararebe fikomraoprtandtionsredmposipgret leayt eI goner
(e.qg., 24 03/ .08722é PCT/ US03/ 10523 pol y(et hyl ene oxi de)s, pol ypropyl ene
oxi des) of BEIIERRSICaRYYIRSdes), or pol y(al kenyl = hydrocar bons as descri bed
above) and the above described pol ysil oxane chain through condensation or
hydr osi kgfit98 copXgfRlsedapbe ghbpaadd gcopalisitd enctingis Wwelt knaken Wi thel art,er mi nat ed
pol ydi met hyl si | oxanes, vinyl-termnated di ;I)\Ihengll si I &g(anﬁ- di Ehlyl si | oxane
copol ymeuah, as\thase dasetibadiimg &g example, U.S. Patent Nos. 5,053,490 to Bertsch et al.,

trifluor | et sl | ox ' ' o | t erm nat ed
i et hyl SIPoUaEC R rioEy PGS ARRTEDK] SieHRra. CORRIMIERolyrcOay

vi nyl methyl s bewmaied- fibmeddnyheaiclabseppdierss apdiigingy §r example, the carboxy-

trimet hyl sil oxane-term nated vinyl, si | oxane: di.nmet hyl si l.axan

copol ymigrainaged 'élﬁé‘ﬁl?’ﬂ%?%%a{taé’a’ﬁ‘if%ﬁ‘%e&%) WP@S’PS& hgvangp ﬁ%rk ot g?lﬁglgtane

copol y MeLig nunleR ¥k 2?,%{ et haydnitéSdfl orR ARG EHBIE averhgtythoet iyl seibx ane
honopol ynmers, vi nyl net hoxysi'l oxane honopol yners, hydride term nated

pol ydi mef By809i AdRdnas] a glass transition temperature of -66°C, obtained as HYCAR®

1300X31 CTBN from Noveon Solutions.

In one embodiment, the polymeric additive comprises a polysiloxane. Suitable

polysiloxanes include those having the formula

R30
R* S|i—O R
l|{3]
n

wherein R3*-R* are each independently hydrogen, hydroxy, Ci-Ciy alkyl, Ci-Ci2
alkoxy, C,-Cj, alkenyl, C,-Ciy alkynyl, C¢-Cis aryl, C;-C,g alkylaryl, and C;-Cis
aralkyl, wherein each of the foregoing groups may, optionally, be substituted with one
or more substituents selected from the group consisting of epoxy, hydroxy, cyano,
amido, amino, and carboxyl; and n is about 3 to about 10,000. Preferably, n is at least

3

10, more preferably at least 100. In a preferred embodiment, R’ OR* are each

independently C;-C; alkyl or C,-C; alkenyl. Suitable polysiloxanes further include

graft and block copolymers formed from a pre-formed polymer or oligomer (e.g.,
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met hyl hydr osi | oxane- di net hyl si | oxane copol yners, pol ynethyl hydrosi | oxanes
pol yet hyl hydr osi | oxanes, silanol-term nated pol ydi methyl si | oxanes, 1
ani nopr opyb-03t0g1203 nat ed pol ydi net hyl si | oxanes, PCT/US03/10523

am nopropyl met hyl si | oxane- di met hyl si | oxane copol yners,

pol ydi met hyl si | oxane- pol y( et hyl eneoxi de) bl ock copal yners

pol ydi npdlpetyidnexands)n alojy(proppiene awides)i prelyupenenaxidss) 8 )Pobbdbsblers (e. g. ,

with 50-70%pol y(propyl ene oxi de-et o - -
cyanopr %@?%‘F‘H&? |a§ %F%%%i’ﬁg 9§%Ye§3€§%%sa?¥%e§§e§8 c og(oi zsrlrlg re chain through
(N-pyri gafiendaapn by Bidrexigtiendi et hyl si | oxane copol yners,

epoxypr opoxypropyl -term nat ed pol ydi net hyl si | oxanes,

epoxycycl ohexyl et hyl net hyl si | ne- dj | sil
(ot by SERTBIY 9F SBRHE PRSP B A e H P EP P A BTy EY e Snd ¢ he
1 ke. P(Il?n&f;fegllﬁ 0 ycﬁbﬁe@ﬁﬂ?i?aﬂeﬂﬁﬂn%?lsﬂb%e' te8pdtyM@fse dvinyl-terminated

pol ydi ne siloxanes. Orher preferfed polysiloxanes include
hydr oxy wrifaronoprapeohefiol sikix - fiphaiylsdrsanss . cPpdlymiersox an®gyhigynatefr epar ed by

met hods known in the art,. such as .those descri 1N, 4 gole, U.S
Pat ent ﬂk?g?y %l,oééﬁ"ﬁ@?%ﬂﬂé%’é?%e SPPymersy Vi@gmﬁg%ﬁﬂ 8X4\7L§f%%](r8r%]ty I§ﬁet ‘al.,
4, 855, 3540 difinas el Nrinfih151AQRe-89GinatedFuvikyimethyBiloxfel diskihylsdoememay al so
be obtained commercially from for exa i |i.cones, a,division of

. / . nple, GE Si
Getnﬁr ?I cg)}igﬂmzcnsj silamipermyinated omd By seme-dmslysgeyae (PR ynpri ses a
met hyl si one i opal { bst 1 uted, w n [
N b A e n%ﬁ%’%%ﬁ%%bﬁd%%?%gﬂﬁ’gr oups: 2
pol y(ar gi@g}ﬁetﬁbkﬁilbxgﬁehmoﬁ?pﬂyaiekse niydrateotetriigdted cotpbimethylsdazhnekhe acryl oyl
conpound, e conposition rther conprises a po ric additi | ected
frlom( t théne@b)é]@{flf% kﬁ%‘t‘iiwt@ﬁii%ﬁ%t ygg?@'mﬁréi y(@f’{%’bﬁ -lhyr%(fsgelf)%én\éé?fh;slgriege)e,
POt Y{ ST YR 1 acy;ih@LBIminRed Y Bolyaifeth sl okagd)y be yl ene),
pol y(vi ?éyﬁ}?ely@@,é Bgﬁs;?yi %yl acetlgt e), Bar%)g congi.nati on,)s/ cgﬁ’gﬁ}?} %g at(:a)
| east  aereindted hepdlpdiewtivigiopatene rangneriapylmettylsiloyaneagimstyliile3 i enes f or

use as the pol ymeric _.additi inclu - rs o YHEES
conpr i s|°HE]°1§‘F‘e¥Seastpcﬁ%‘gmehgéﬁ%?nfﬁgoqg(g&&g%?&h%ér')gferb gcgz?y at9 aﬁ%ast about 90
nel g ht %?[ﬁﬁg%thyl@ﬂéﬁnﬁrﬁfl?@@éﬁy%nﬁtoﬂi%&hyl&b@micﬁﬁ aveblyhterspér.gemith sti | |
pref erabl e
50-70% poly(propylene  oxide-ethylene oxide), cyanopropylmethylsiloxane-

dimethylsiloxane copolymers, (N-pyridonepropyl)siloxane-dimethylsiloxane
copolymers, epoxypropoxypropyl-terminated polydimethylsiloxanes,
epoxycyclohexylethylmethylsiloxane-dimethylsiloxane copolymers,

(meth)acryloxypropylmethylsiloxane-dimethylsiloxane copolymers, and the like.

Preferred polysiloxanes include vinyl-terminated polydimethylsiloxanes.  Other
preferred  polysiloxanes include hydroxy-terminated ~ polydimethylsiloxanes.
Polysiloxanes may be prepared by methods known in the art, such as those described
in, for example, U.S. Patent Nos. 3,996,195 to Sato et al., 4,257,936 to Matsumoto et
al., 4,855,351 to Stein, and 5,405,896 to Fujiki et al. Polysiloxanes may also be
obtained commercially from, for example, GE Silicones, a division of General

Electric Company.

In one embodiment, the polysiloxane comprises a methyl silicone optionally

substituted with phenyl and/or vinyl groups.
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at | east about 98 wei ght percent, of repeating structural units having the
formula /R34 C CH2 ( gy)p wherein R34 is hydrogen, Cl-C8 al kyl, hal ogen, or
t he |i ke;wh mssenyl, hal ogen, CI-C8 alkyl, or the |ike; pPamdisp3/ies29 to 5.

Preferred al kenyl aromatic nononers include styrene, chl orostyrenes such

as p-chlorostyrene, and nethyl styrenes such as | styrene,

th
addi ti ol ¢re dmbuﬁmmbmmr @dctlmh odpopyhisrsicos cthry, ﬁlﬁd&%(&iﬁ@ﬂﬂom%% mati c

nononer s st furt her co i f onpri sing
Up o 1By Tt BN BB e e apruSRRRLY Thhfr HohBRLs O

exanpl epoiaget Qaiifive| lecldtfash ene groupccomsiseng ofipojsatyrate, paly(styeées r ed

pol ystyrene is a honopol yner of styrene having nunber gr\(%f e nol ecul ar
wei ght mfalesgomnhyd.mﬂe@o@oln(siyla%metha!boneféiecré{% PORRYENE PP ?Néa/%je' The

pol ysty pri¥h Bt Rhactic

pol ysty % %rr)a¥ g'% ?eglﬁé# 301@| %E{%&t) 51dycgith;/ljrllc'qf;%lﬁeo?grkrglglil be %r epared by

et hOdSoxkdﬁ@Mﬂelfcﬁregcbiﬁgpbltwnermadidjdvafsg t hose described, for exanple, in US,
Pat ent No. 3,280,089 to Wight. Suitabl e pol ystyrenes may also 26 WO

03/ 087223, PCT/ US03/ 10523 be o ed co CI a l;e,

DYLARK( PYta30@ORRETFEB IOt Pt Yfﬁﬁrﬁ‘i é W%é‘f‘c%‘% yﬁ%%‘e‘s)"rlﬁﬁé?;gr%gne

sol uti ogyf V\%ﬁef‘s rSMpheta Paﬁ%d‘s\ﬁabohhso RedigatperRag prélatablygataeawa@hﬂ %8ver age
ar

nol ecul I ght of 28 000 and a glass transition erat%re of 100C
avai | abmlghmpaxcemamr@grefmhheat 1@@‘[thutﬁSfW@g%ﬂtmeaﬁ;qn&wtﬂlemﬁm& frablend vari ous

I bI I
Bnnyar ) Ached aRery Hare a8 P GRERRh PR an IS S MORITR, TC° ot e

random copol yners of styrene and nal ei ¢ anhydri de having a styrene content
of about 50 to about 95 wei ght percent and mal ei ¢ anhydri de content of
about 5 to about 50 wei ght percenht. RSuch colol yners nmay be prepared by
known net hods, including those escqibed, exanple, in U S Patent No.
3,404,135 to Tietz. They may i mrercially as, for
exanple, SMA(r) resins from Sartomner Cbnpa%y, such as SMA(r) 1000 having a
i i \ gl ass transition
tenperature of 155C, and acid n n?g// 465-495; and the

wherein R** is hydrogen, C;-Cg alkyl, halogen, or the like; Z is vinyl, halogen, Ci-Cs
alkyl, or the like; and p is 0 to 5. Preferred alkenyl aromatic monomers include
styrene, chlorostyrenes such as p-chlorostyrene, and methylstyrenes such as
p-methylstyrene. In addition to homopolymers and copolymers of the above alkenyl
aromatic monomers, polystyrenes may further comprise copolymers further
comprising up to 10% by weight of other copolymerizable monomers, such as, for
example, acrylonitrile, butadiene, and maleic anhydride. A preferred polystyrene isa
homopolymer of styrene having a number average molecular weight of about 10,000
to about 400,000 atomic mass units (AMU). The polystyrene may be atactic,
syndiotactic, or isotactic, with atactic polystyrene being preferred.  Suitable
polystyrenes may be prepared by methods known in the art, including those described,
for example, in U.S. Patent No. 3,280,089 to Wright. Suitable polystyrenes may also
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pol y(styrene-mal ei c anhydri de) having 14 wei ght percent mal ei c anhydride
and a glass transition tenperature of 132C avail abl e under catal og nunber
42, 695- 4 Woanis?siri ch Chemi cal Co. Pol y(styrene-nethyl neChasoyleee)
copolynmers suitable for use as the polyneric additive include random

copol yners of styrene and nethyl nethacryl ate hayin tyre content of
about ~ 2Be pbtaittsd itongoergislly s, fureamploadyY Aﬁ‘&@]ﬂlzobrégﬁgépélfé’f%%oé%ntent of

about 10, to0. ahq i I h bR db
known nePFBIFAD ps%t1 Cs@gﬁéﬂrﬁ% eeﬂgesgfgl? %)%el\gﬂ ?nfr&?g?q exa%r%?%%ﬁ%?gl.ngat e;lte No?/
gbg89, 3pAih® a A@?@m ‘Sﬂeragebaholedﬂdﬁﬁ malight sofy 28AM0fee la whash domyitigne)

ol ymers may al so be obtained conmerci al | i I i
21" hav rgprratuer of | SISEa e BPIeL VoacTg cagian AUBAS K2t TEOBCAMRITS g o

accor di to ASTM D1238 . treRd rature of 106C

measur e@g%b‘:&ﬁ&fl&% a]fl%l_lséiq%%, e%ggb%g%ﬂeeﬁﬁo%%g&&ghﬁgm cal Conpany;

NAS(err) resin 30 having a melt flowrate of 2.2 g/10 min neasured at 200C
and 5 kgoB{tpei-naldio aASTIMIBL@P8]ynsms sutaictor usons theipelymarsngsiditittur e of

104C neasured according to D1525, avail.able,from Nova m ;
and t helsgidp(ardqma ﬁ@?@éﬁnﬁ@t “}?ﬁmely?lﬁicﬁmﬁééﬁnﬁvé%%}%f Bg \%lé?taﬁto ™ 323/ cent
styrene gf g’%%'fgm) Fiaeiid @fg@ve%k gé&‘éé&ranw @hleicdnhaBadd cokdéht @P@bAEG B00 AM,
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Poly(styrene-methyl methacrylate) copolymers suitable for use as the polymeric
additive include random copolymers of styrene and methyl methacrylate having a
styrene content of about 25 to about 90 weight percent and a methyl methacrylate
content of about 10 to about 75 weight percent. Such copolymers may be prepared by
known methods, such as those described in, for example, U.S. Patent No. 4,680,352 to
Janowicz et al. The poly(styrene-methyl methacrylate) copolymers may also be
obtained commercially as, for example, NAS® resin 21 having a melt flow rate of 1.9
g/10 min measured at 200°C and 5 kg according to ASTM D1238, and a Vicat
softening temperature of 106°C measured according to D1525, available from Nova
Chemical Company; NAS® resin 30 having a melt flow rate of 2.2 g/10 min
measured at 200°C and 5 kg according to ASTM D1238, and a Vicat softening
temperature of 104°C measured according to D1525, available from Nova Chemical
Company; and the poly(styrene-co-methylmethacrylate) having about 40 weight
percent styrene, a weight average molecular weight of about 100,000-150,000 AMU,
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aver age nol ecul ar wei ghts ranging from about 180 to about 2,500,

pol ydi spersity indices ranging fromabout 1 to about 2, and gl ass

transi ti owotosopeeat ures | ess than -65C); and PARAPCL(r) [Palityisas/eses 450,
700, 950, 1300, 2350, and 2700 from ExxonMobil Chem cal. In another

enbodi ment, the curable conposition conprises a pol ybutene wherein the
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when motHee g s a dynamc pfoceSs where the ‘uncured conposition is

si nul t angpws! ¥ndPegsLPORBAPHiIgRItetts A30e 790] 96@| 5300e02a50 grde2?0dr fromi scosity
in this transient process than a non-gelled analogue. It is believed that
this ré&xaanMehiléthepiieidosity allows the resin to carry and push the gl ass
fi ber conponent of the conposite to all parts of a nol ded object.

Addi ti OQRlahé{theﬂ. émtédigl%hf., %’eeé:hr&m@t:oﬁlpgsition comprises a polybutene wherein the
curable composition forms a sol-gel having a sol-gel transition temperature preferably
greater than about 60°C, more preferably greater than or equal to about 75°C, and
even more preferably greater than or equal to about 90°C. “Sol-gel” as defined herein
is as a multiphase system that is nonflowing. The multiphase system can be described
as a bicontinuous structure or an interconnected network. One phase of the
bicontinuous structure may be described as the “scaffolding” and the other phase is
interwoven within the scaffolding. As seen in Figure 3, a confocal microscopy image
shows the structure or network of a sol-gel having a first phase (10) and a second
phase (20). The first and the second phases can be seen interwoven with one another.
Upon heating above the sol-gel transition temperature (Tsoiger), the interconnected
network dissolves and the system becomes miscible (that is, single phase). The sol-
gel transition temperature is the temperature below which the system phases separate
and form an interconnected network, and above which the system phases become
miscible and the gel dissolves into a flowing liquid. Sol-gel transition temperatures as

high as 105°C may be achieved. In a non-limiting example, a sol-gel may be formed
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aromatic nononer, the acryloyl nononer, and the pol ybutene. 29 WO

03/ 087283it4HJ/ AIBAMARE2B cieatey @etinybleneerbpositienspl-gd pbiwingeras sghgdlabl e for

use as the polyneric additive include . .ranqom and,.bl ock s havin
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pol y( et lydateméhanuindqeald aheyt I00citeis mgsstuaits ANRGRE 1 tbaner sraldtner
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580 AM® and less than or
pol y( et ﬁ??‘gﬂé?ﬁ){’)mﬁeﬂ@?ﬂ?@} g%g%%odﬁgﬁ{;%rtgé@@or & ydr oxgls-st erm nat ed
pol y( et Ryhne 30 ANENBol Witnesrandag nmkyr average molecular weights of above
1000 AMU may be used although increasing viscosities may make processing
difficult.  Suitable commercially available polybutenes include INDOPOL®

Polybutenes L-10, L-14, H-15, H-25, H-35, H-40, H-50, and H-100 from Amoco.

Preferred amounts of polybutenes for the sol-gel curable compositions may be about
0.1 to about 30 parts by weight per 100 parts by weight total of the functionalized
poly(arylene ether), the alkenyl aromatic monomer, the acryloyl monomer, and the
polybutene. Within this range, the amount of polybutene may be at least about 1, or at
least about 5 parts by weight per 100 parts by weight total of the functionalized
poly(arylene ether), the alkenyl aromatic monomer, the acryloyl monomer, and the
polybutene. Also within this range, the amount of polybutene may be up to about 10,
or up to about 20 parts by weight per 100 parts by weight total of the functionalized

poly(arylene ether), the alkenyl aromatic monomer, the acryloyl monomer, and the

polybutene.
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to OC. Rompéwiamsthge eidiew)arresights oﬁmyowe%@@pan(éd(%é&“@#@ 2203 H8hods known

in the t . g., S. Patent No. 5 691 . y et al.) or
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Poly(vinyl ether) resins suitable for use as the polymeric additive include those
comprising at least about 80 weight percent, preferably at least about 90 weight

percent, more preferably at least about 95 weight percent, still more preferably at least

about 98 weight percent, of repeating structural units having the formula

O/

CH—CH,

wherein R is C;-Cy» alkyl, C»-C)2 alkenyl, Cs-Cis aryl, C7-Cig alkylaryl, C5-Cis
aralkyl, or the like. In a preferred embodiment, R is C-Ciz alkyl. Preferred
poly(vinyl ether) resins include, for example, poly(ethyl vinyl ether), poly(isobutyl
vinyl ether), poly(cyclohexyl vinyl ether), and the like, copolymers of the
corresponding vinyl ethers, and combinations comprising at least one of the foregoing
poly(vinyl ethers). The poly(vinyl ether) may preferably have a number average
molecular weight of about 3,000 to about 150,000 AMU. Within this range, a number
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sol d under the tradenane LUTENOL(err) from BASF, such as the pol y(vinyl
met hyl ether) sold as LUTENOL(r) M the poly(vinyl ethyl ether) sold as
LUTENCL( rwoAg/os12e3s pol y(vinyl isobutyl ether) sold as LUTEROIGE/L0s2aNnd the
pol y(vinyl octadecyl ether) sold as LUMX(r) V. Poly(vinyl acetate) resins
suitable for use as the polymeric additive include vinyl —acetate
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enbodi néﬁid,a_‘stlﬂéwﬁéﬂ_‘igg?i c additive conprises a poly(ethylene- butylene).
The polyneric additive may be used in an amunt of about 0.1 to about 30
wei ght  IREFCRNT a&dtat) feshRl MRbIcCfrddetdsvie fotpaetioadditiee tndlade wimyht of the
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acetate) may preferably have a glass transition temperature less than or equal to about

70°C. Poly(vinyl acetate) resins may be prepared according to known methods (e.g.,
U.S. Patent No. 3,285,895 to MacKenzie et al.) or obtained commercially as, for
example, the carboxylated poly(vinyl acetate) provided as a 40 weight percent
polymer solution in styrene, sold as LP40A by Dow (formerly sold by Union
Carbide); a non-carboxylated poly(vinyl acetate) provided as a 40 weight percent
polymer solution in styrene and sold as LP90 by Dow; a poly(vinyl acetate) copolymer
provided as a 40 weight percent polymer solution in styrene and sold as NEULON® T
by Dow. |

In one preferred embodiment, the polymeric additive comprises a poly(vinyl ether). In
another preferred embodiment, the polymeric additive comprises a poly(ethylene-

butylene).

The polymeric additive may be used in an amount of about 0.1 to about 30 weight
percent of the polymeric additive, based on the total weight of the functionalized

poly(arylene ether), the alkenyl aromatic monomer, the acryloyl monomer, and the
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Also within this range, it may be preferred to use a polyneric additive
anmount of up to about 25 weight percent, nore preferably up to about 20
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In one embodiment, the polymeric additive may comprise a first polymeric additive
comprising polystyrene, poly(styrene-maleic  anhydride), poly(styrene-methyl
methacrylate), polybutene, poly(ethylene-butylene), poly(vinyl ether), poly(vinyl
acetate), and combinations comprising at least one of the foregoing polymeric
additives; and a second polymeric additive selected from polybutadienes,
polyacrylates, styrene-acrylonitrile copolymers, styrene-butadiene block and random
copolymers, hydrogenated styrene-butadiene diblock copolymers, styrene-butadiene-
styrene triblock copolymers, hydrogenated styrene-butadiene-styrene triblock
copolymers, styrene-isoprene-styrene triblock copolymers, hydrogenated styrene-
isoprene-styrene triblock copolymers, ethylene-propylene-diene terpolymers, and the
like, and combinations comprising at least one of the foregoing second polymeric
additives. These and other second polymeric additives are described in U.S.

Published Application No. 2001/0053820 A1 to Yeager et al. The second polymeric
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polyester, vinyl ester and allylic thermosets. Non- limiting examples of curing
catalysts are those described in “Plastic Additives Handbook, 4™ Edition” R. Gachter
and H. Muller (eds.), P.P. 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,
methyl ethyl ketone peroxide, lauryl peroxide, cyclohexanone peroxide, t-butyl
hydroperoxide, t-butyl benzene hydroperoxide, t-butyl peroctoate,
2,5-dimethylhexane-2,5-dihydroperoxide,

2,5-dimethyl-2,5-di(t-butylperoxy)-hex-3-yne, di-t-butylperoxide,  t-butylcumyl
peroxide, alpha,alpha’-bis(t-butylperoxy-m-isopropyl)benzene,
2,5-dimethyl-2,5-di(t-butylperoxy)hexane, dicumylperoxide, di(t-butylperoxy
isophthalate, t-butylperoxybenzoate, 2,2-bis(t-butylperoxy)butane,
2,2-bis(t-butylperoxy)octane, 2,5-dimethyl-2,5-di(benzoylperoxy)hexane,
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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), the
alkenyl aromatic monomer, the acryloyl monomer, and the polymeric additive.
Within this range, it may be preferred to use a curing catalyst amount of at Jeast 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 catalyst amount of up to about 5 parts by

weight, more preferably up to about 3 parts by weight.

The composition may, optionally, further comprise a curing promoter to decrease the
gel time. Suitable curing promoters include transition metal salts and complexes such
as cobalt naphthanate; and organic bases such as N,N-dimethylaniline (DMA) and
N,N-diethylaniline (DEA). Preferably, cobalt naphthanate and DMA are used in
combination. When present, the promoter may be used in an amount of about 0.05 to
about 3 parts, per 100 parts total of the functionalized poly(arylene ether), the alkenyl

aromatic monomer, and the acryloyl monomer.
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about 3 parts, per 100 parts total of the functionalized poly(arylene
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coupling agents such as silane coupling agents and/ or. ‘nh gl nl%
conduct pafbowé%ltlnﬂgdmgn@haﬂ(l‘aolllinﬁs"o’il%clpﬁﬁﬁ’ﬂ%én avat et‘%o?‘ie"lp(’;& d"Raol i n, and
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coati ngsbuﬁlng agents anla?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 thermoset resin; mica, including
metallized mica and mica surface treated with aminosilanes or acryloylsilanes
coatings to impart good physicals to compounded blends; feldspar and nepheline
syenite; silicate spheres; flue dust; cenospheres; fillite; aluminosilicate (armospheres),
including silanized and metallized aluminosilicate; natural silica sand; quartz;
quartzite; perlite; Tripoli; diatomaceous earth; synthetic silica, including those with

various silane coatings, and the like.

Preferred particulate fillers include calcium carbonates having an average particle size
of about 1 to about 10 micrometers. Within this range, the average particle size may
be at least about 2 micrometers, or at least about 3 micrometers. Also within this
range, the average particle size may be up to about 8 micrometers, or up to about 7

micrometers.
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Preferred particulate fillers include cal ciumcarbonates having an average
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to use %mfrei: Brre?el%gblgliak le%gt about 20 weight percent, yet more preferably at least about 30
weight percent, still more preferably at least about 40 weight percent. Also within this
range, it may be preferred to use a particulate filler amount of up to about 70 weight

percent, more preferably up to about 60 weight percent.

When present, the fibrous filler may be used in an amount of about 2 to about 80
weight percent, based on the total weight of the composition. Within this range, it
may be preferred to us a fibrous filler amount of at least about 5 weight percent, more
preferably at least about 10 weight percent, yet more preferably at least about 15
weight percent. Also within this range, it may be preferred to use a fibrous filler
amount of up to about 60 weight percent, more preferably up to about 40 weight

percent, still more preferably up to about 30 weight percent.

These aforementioned fillers may be added to the thermosetting resin without any

treatment, or after surface treatment, generally with an adhesion promoter.

The formulation may also contain adhesion promoters to improve adhesion of the

thermosetting resin to the filler or to an external coating or substrate. Also possible is
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thermosetting resin. For example such promoters may be used to coat a silicate fiber

or filler to improve adhesion of the resin matrix.

In a preferred embodiment, the filler comprises calcium carbonate. In another
preferred embodiment, the filler comprises glass fibers. In a highly preferred

embodiment, the filler comprises both calcium carbonate and glass fibers.

The composition may, optionally, further comprising an additive selected from flame
retardants, mold release agents and other lubricants, antioxidants, thermal stabilizers,
ultraviolet stabilizers, pigments, dyes, colorants, anti-static agents, conductive agents,
curing promoters, and the like, and combinations comprising at least one of the
foregoing additives. Selection of particular additives and their amounts may be

performed by those skilled in the art.

The composition may be prepared by forming an intimate blend of the functionalized

poly(arylene ether), the alkenyl aromatic monomer, the acryloyl monomer, and the
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preferably at least about 10 hours. The rate of cooling must be sufficient to allow the

phase separation (sol-gel formation) to occur. Increasing the rate of cooling may

compromise phase separation and sol-gel formation.

There is no particular limitation on the method by which the composition may be
cured. The composition may, for example, be cured thermally or by using irradiation
techniques, including UV irradiation and electron beam irradiation. 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
time of at least about 1 minute, more preferably at least about 2 minutes. Also within
this range, it may be preferred to use a heating time up to about 10 hours, more
preferably about 5 hours, yet more preferably up to about 3 hours. Such curing may
be staged to produce a partially cured and often tack-free resin, which then is fully
cured by heating for longer periods or temperatures within the aforementioned ranges.
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cured. The conposition may, for exanple, be cured thernmally or by using
irradiation techniques, including LTV irradiation and el ectron beam
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240C naéh%ecqmmséwleﬁ?ihﬂlfﬁ% heblyi desirgblei prenFEiFShe EoGXIMH° Yel8Wis to about
24 hour §.t hi ' g i : : 18ashe,iteg tinme of
2t 1 east iU e RNy s o R R e lee W 5o

Wi t hi n tiahitke sAngege iekhibityd bg apeefesporeiing corpesitiorhwithduigthe ipakymepict o about

10 hours, nore preferahly abo 5 hours, yet nore preferabl to about 3
hours. &idifvVeuShHBKagEyS 85%“’%‘9“8‘3%8 CHPBTRE & r.nelém?)réf’f? é&?‘ﬁ?ﬁ c%%{gggtgnd of ten
tack-frae L&sisBondii Glinddieh ;pﬁ ielo¥d. TME @Smpyrifwalsi peafdraikd longem peri ods

or tenperatureS within the aforenmentioned ranges. 38 WD 03/ 087223
PCT/ USO8nij@5a8re aboat 2ohpus kftérdhe ssthplpiis molsedhile slrdikage IePpieibdy i es.  For

exanple.in enbodi nent.s_ the ¢ LY QF i hibit a
i1 piadEsaaodss, PEBPOR oSl oy ARA e prTRRp R ATRY 46%

cor r es pQRdli ven GRIFPBRIFErAIIN allchNB0Y, lekethpothnref the noadditivie eempSiwonnkage i s
determ ned by conparing a di mension of a nolded part with the

correspondi ng di nensi on of the nmold. This conparj.son.i Sb} eréﬁ)r. med at room

t enper afllie ecommwstiionafies gpeldme: By atHlasss Anpidace o) BREfrabi SXIF Hage i s
preferafl | { 38tstiliaaste p2¥pabBsiess sti | |

nor e prg)*%ﬁrgg%ﬁ/l \g'?l& Ilgz%g[gaﬂél%%)%?lggg‘%e%\%g{]@ﬁ?gypr’eferabl }ﬁat Igyzlst 50% | ess
t han t hatiano30, tyeemooe padkirably dess dhgpaz i, syan n’ldreptﬁfﬂ‘gbls(ilﬁfisdi‘/lalafzf)-effhﬁ%ﬂ ding in a

Class A surface nold preferably exhibits . .an .oran . val ue.less than
40, nor BFULREEE)| Velg‘g‘ge 38 %ﬁong??rf”lais EPLI9F aglr%ggﬁ%lg%tsgl %{hh(gﬁ 30, yet
nor e pr gf &hadc¥nt1855istrBRsttetboff eiear ARy 6f Ppatf ehabicy rvphaedsioawainessThese
measurenments are nmade using a commercial technique called Dﬁégiy\ght in which
i ncandedteasn ak light andslarleparasions inoteflegtad light pigpgitipand-arg gprrela Bae
roughness_or. wavi I S¢S i a k ahd ONFok Ninegf | ect ed
l'ight i ﬁ’tug’r?lsllc%“; 3n 5“3?% (8:&1?‘32{2’51?1 g%[!ewg{gﬁga@gfrt]ﬁ%%r ia}égglwﬂggéses?%n%h%of

per f or man@eureicn, siaf DvBigkt edngma iandriizht Bource hes ect atwagler e@hidsgreehe D- Si ght

and-t ne ISPt hNEesE o T AV PRER 2br oeRnaY Pramis BEeBYs hhe

cameral/light source. The part itself is set at an angle of 10 degrees above horizontal

facing the inspection system. Measurements are made on parts with gloss surfaces
obtained by either painting the part with gloss black paint or wiping the surface with
highlighting oil. For measurements, the light level reading is kept between 90 and

110.

The composition after molding in a Class A surface mold preferably exhibits a
waviness less than 300, more preferably less than 200, still more preferably less than

150, yet more preferably less than 120.

In one embodiment, the curable composition comprises: about 10 to about 90 parts by
weight functionalized poly(arylene ether); about 10 to about 90 parts by weight
alkenyl aromatic monomer; about 1.0 to about 50 parts by weight acryloyl monomer;
and about 0.1 to about 30 parts by weight polybutene based on 100 parts by weight

total of the functionalized poly(arylehe ether), the alkenyl aromatic monomer, the
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caneral /l1ight source. The part itself is set at an angle of 10 degrees
above horizontal facing the inspection system Measurenents are nade on
parts w tWwogBo8®23urfaces obtained by either painting thecparso3/mseh gl oss
bl ack paint or w ping the surface with highlighting oil. For neasurenents,
the light level reading is kept between 90 and 110. The conposition after
nol di ngadryloyl Ghasser farslithe polybutsng, whestarth polybwrnphasse BuUmEHAVEEES | ess t han

300, f h 20 | h 150,
et morBolsPErEraan, S aeis RO S0 p3bhh e AR AR (IP20) o™

conposition conprises: about 10 to about 90 parts by weight functionalized
pol y(ar xhemer ehbsdimentiroutcutBlet ﬂorﬂlhmuion%blmisﬁng g twabglhtt 90 abitehyl aromatic

0.1 1o whiaht fomtipaslized pPIHENGTE OPYbabeitel BAb RSt T GEr BN SR wel ght
total Oflk%xﬂg akgﬁﬁ{h])ﬁ%i%%’] glid??,ﬂ l%ﬂ & WoRNSO 511&‘3‘53) we{/g{ﬂ?a&&i@?ﬂﬁlbn&h&imt ic

nononer CT/ US03/ 10 23 ‘"acr é nononer, and the
pol ybUtaﬁBaboMﬂ@rleionattolue3f)qiaptbbyeW&igﬁta3)1)éDummnﬁ’@Bedavleﬁ ¢ @artsrby sighir wei ght

of greater than or e aboyt 30 t gmi ep. .enbodi ment
s & el @ orgouirBreL B AR r g Sl Dt Geo el Rl helt

functi 05@#’? PhoRGh¥{ 8hy ﬁ%’}%lﬂiu'?&fe) whade@ithe %)Blyﬂaﬁteﬁbthui aﬁ@mban’ at\&rdgy wei ght

al kenyl t| c nononer; about 1.0 to about 50 parts by wei %%;tt acryl oyl

nmonormer molwut&ra@(glmt oﬁg@ateot@mmeqsd tpabew 390 ajpmighnass onib dARtitsed on 100
parts b of Rl h&eoSiieforal t he

al keny! 4P X ?$ 8b %{zré[ abf)Ht 86 acr%}}t elrrﬁg)ﬁgr%epa% >ﬁlanwjt he cp))ol ybut%ne

wher ei nwre@t@pihylaumpaﬁub@,s a nunber average nolecul ar weight of greater
than or equal to about 300 atom c mass units, and further conprising about

2.0 to about 80 wejght .percent of | ass fi based . on t he wei ght
of the é@ﬁﬁ@s&mb@ﬁlm%}ﬁdﬁ He e ng & %Pr%@? FOHESP! lf)g’r Com 81 ‘ur abl e

conposi Blefﬁalné%) MRhtRInAG7ed Bl)l%/(!ﬂj/l@ﬂe atifedyICdnl OMahy1Z@dniet yxﬁaﬁothananet her); an

al kenyl "aronmati c nmononer; an” acryl oyl nononer; and a pol ybutene; wherein
t he pol yhyteyhendnamen andrmeolybwtemg@ermlt&mla\auw B 2 B PRBYERESt han or

equal t O bc% aaltr wsecl)g(%lt o% greater WA %&L‘lal Yo about 300 atomic mass units.

Other embodiments include the reaction product obtained by curing any of the above

curable compositions.

Still other embodiments include articles comprising any of the cured compositions.
Articles that may be fabricated from the composition include, for example, acid bath
containers, neutralization tanks, electrorefining tanks, water softener tanks, fuel tanks,
filament-wound tanks, filament-wound tank linings, electrolytic cells, exhaust stacks,
scrubbers, automotive exterior panels, automotive floor pans, automotive air scoops,
truck bed liners, drive shafts, drive shaft couplings, tractor parts, transverse leaf
springs, crankcase heaters, heat shields, railroad tank cars, hopper car covers, boat
hulls, submarine hulls, boat decks, marine terminal fenders, aircraft components,
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 and repair of cracks
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O her enbodi ments include the reaction product obtained by curing any of
the above curable conpositions. Still other enbodi nents include articles
conpri si rnyoanwsTk3 t he cured conpositions. Articles that may/uses/iwksi cated
fromthe conposition include, for exanple, acid bath containers,
neutralization tanks, electrorefining tanks, wat er softener tanks fuel
tanks, inf sthetealt comorete) glalntkg for itilesnmepehingsy eils anatall doi7elyy DolE| RASES, ol yt i ¢

I'ls, t stack o]
]E: Ieoo? &%g &pgquﬁ ats}@ gia rlg ggreﬁs pat'lﬁt}e@@}cg}tg) ?fﬁtseelé&ﬁ ﬁ?@@bé‘%en gomcﬁ: xg

shaft CQIH@'Wﬁ‘lﬁﬁ}gst Ea0d fdr élaéttcﬁnechmaaav@v&esl Batfery $|a$asnges;stcors,afulsmse
heaters, heat shields, railroad tank cars, hopper car coversg boat hulls,

subnar i ﬁ)@ﬂmllqu§0ﬂb‘§ﬁ§{tce§e@@§ng%§¥|m@t€tde\"ﬁintgali’°af qapagttors; FrRsitmeESy monent s,
propel | g ? 81 e P}%e Sondikad cgln?&{gﬂ%nﬁﬂta%tlstraﬁ gﬁh&i@ﬁ)% CASE TacqieRY gSKECt i Ons,

sucker sel’age sections, wn wing flairings, engine
nar cel | elsb stl‘aaﬂgdistﬂﬁrgrﬁ)ds askis; rtf poles,tbleyodrhpmtaacswlmnnnmawﬂer SWigmBg bri dge

beans, bridge deckings, stair . cas raili ducts, fan
housi ngBOOk §Tidgss hofh GilpSelSAIASHEICES, %s'émﬁﬁb‘?“ﬁ ?éo&%‘tséngsm?‘%%%r‘t%%@g §hexpanS| on

joints DIt C Rkl e "RhtaaE Sddody, Pati tec@pAitodpigear,acks 40
WO 03/ 0%%23 GE%?%SO /10’523 i ﬁng?ragct ur al %%ncé}etap;d groutl ng for tile,

machi netqggag,lcmtlcaiewwegmi@e,l gdopieh t satelbigsdishes, sigmgt Qletapnesse ApSiF-ant s,
electric

dc | .
i ndi ngg%@gg‘{; Swftff)}?é%r@l Bél%ﬂ% Crgs'rlﬁr(r:rge?% ge\slr;s Clgglﬁ t%)(gﬂ &ft'ro 9 %h%ﬂltn%s wre

attery I'ESIStOI’S

fuses, cbiefufRbrsCYbreoidsudaun, ces, tdh@ﬁtresihg;S Homdingr jipd, eﬂspﬁctlmmg'lmm'ati,ds
capacitors, transf or mer s, el ectrical |y ndu th ﬁ? conponents for
ant i staun@seebm@équdl@%ﬂﬁ?@mgt?éft}ewo %8Pe thediGh shafts, fishing rods,

skis, ski poles, bicycle parts, sw nmm ng pools, sw nm ng pool sl i des, hot

tubs, saynas,glis6t & papﬁlﬁﬂzﬂﬁﬁ%eﬁﬁ?@ A6riH9HE lai@otive J¥SpofkinimeE Agr  parts,
refri gerator Barts ffurniture, garage doors, gratings, protective body

gear, [foggaggle, ambnmawehadoelgimﬁlﬁes, radorres, satellite dishes, signs, solar
energy panels, tel ephone switchgear housings, transforner covers,

2 Ry AR RGO po TIABHOF R S ot on ity e

resins, spec ures nmetal form ng dies,
vacuum nol di ng tool s, and the I i ke. The conposition is particularly useful
for f abrEX@MPm@saluv,o@@MmAmmﬁmmpsEdh as,

Seven examples and one comparative example were prepared to demonstrate the
effect of poly(vinyl ether) additives on shrinkage. The poly(arylene ether) was a
methacrylate-capped poly(2,6-dimethyl-1,4-phenylene ether) (“PPO-MAA”) having
an intrinsic viscosity of 0.12 deciliters per gram at 25°C in chloroform. It was
prepared as described in Example 1 of International Patent Application WO 01/40354
Al. The crosslinker in all examples was trimethylolpropane trimethacrylate
(“TMPTMA”), obtained from Sartomer. Styrene and t-butylperoxybenzoate were
obtained from Aldrich Chemical Company. Calcium carbonate was obtained from
Omya Corporation as OMYACARB® 5. Glass fibers were obtained as chopped one-

half inch fibers from Owens Corning Fiberglass Corporation.

An ethanol solution of a poly(ethyl vinyl ether) having a number average molecular
weight (M) of approximately 22,000 atomic mass units (AMU) was obtained from
Scientific Polymer Products. An ethanol solution of a poly(ethyl vinyl ether) having a
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for exanple, autonotive body panels. The invention is further illustrated
by the following non-limting exanples. EXAMPLES 1-7, COMPARATI VE EXAMPLE
1 Seven ewarplgr2iand one conparative exanpl e were prepare@CraoSdgnmsest rat e
the effect of poly(vinyl ether) additives on shrinkage. The poly(aryl ene
ether) was a nethacryl ate-capped poly(2, 6-di methyl -1, 4-phenyl eng et her)

(" PPO- Mawshherteiagg melpcuilart Wﬁlﬁgi M) %fCWQPS}mé'fd}O.Li)éo oY peep ta}ﬂ?g gram at

25C i hl f Lt oAl 10

[t er natPenaroRd el T oARTEBS SEREY ATt a1 4l
exanpl egawas a tnuinet Meradepnoraier veigie(MacsfydpateximateHVBIM AMGbraai ned from
Sartoner. Styrene and t- butIyI perqx&?enzoj%%ﬁ v&g. fbhiai ne {.rom Al drich
Cheni capbteisrpaign Taersifien? elpsiap@ das A5t ALYt SHTOT R " CoriBr ati on as
OMYACAR &ﬁEJ&d?gangg&g;Slﬁ/l(\ﬁgﬁgﬂgeé : st BPERIY YR atfdHO PRRA AR&inyDh 8iher)i nch

fibers from ass Corporation. An ethanol solution of a
pol y( et kythple ivaglweghedrandhtissohvgd an aomtyedl veaight agstymeriee clliearesuliig g0t (Ma) of

imtely 22 000 atomnm c . i Al bt ai . Scientifi
Pol yrmer PPOHRA TR EER APOHOB SBT3 G R Brgt SIS havi ng. a
41 WO 03f %@-&@Aﬁcg{ 1082 IrimRthyRApropye ddfetiidrolatd & theiaghtun{sM' ) of

approximately 1,000 AMJ was obtained from Scientific Polymer Products. An

et hanol (spkessédoim rafts ypetightti DD whown i Takle He P§lowh dh¢ sfulORBESEE aver age

nmol ecul ar . wei ght (M) .of approxi matel y. 15, 000 Al ifed:from

Sci ent i “M?@elﬁg&m%gﬁe%ﬁﬁﬁﬁﬁﬁn\% QP re%xﬁl\ﬁéf?t)e fs%(f gcf)?gar@ V\gg{c reduced
to a neafaRRd Mdvdaldthm&alnhte (€RCM;PWefeothad ¥d®damartaé noRturelwes gtaed( vi nyl

et her) sanple was wei ghed and di ssol ved in an equal weight of styrene. The

resul ti Ngos@edy poFar(y & mpstyemixsurp/ he tdweyrepinbenrraimeas shfshae! Wit h a 42.5
i ght .sol ut i f R I i « :
Ur ot nae PRt it Has T it Ehd L€ R ORxhE IRD MBI chown

in Tabl giaks iBElsQMa nTimSRIL TRE chapesionsi etk shoddudl apsar@and y,200msigeneous
after héating to approximately 50 to 70C. _Zinc_ _stearate and cal cium

car bonated (iGadonkage) yasaseasurdddry eoapasisemer thaavidih,af thesapde & that
Vi gorou%é/ th forma pasty m xture. The t-butyl peroxybenzoate was added and
t he mold.

As shown, the shrinkage of blends containing poly(ethyl vinyl ether) and/or
poly(isobutyl vinyl ether) (Exs. 1-7) was significantly lower than the control (C. Ex.
1), demonstrating the utility of poly(vinyl ether)s in reducing shrinkage of thermoset
compositions comprising poly(arylene ether) resins. Example 4, with poly(isobutyl

vinyl ether) exhibited slight expansion (negative shrinkage) of the molded part.
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bul k nol di ng conmpound was forned by bl ending the pasty m xture with
one-half inch glass fibers in a mxing bow. The conpositions were nol ded
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ether) (Exs. 1-7) was significantly lower than the control (C Ex. 1),
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| &Ggqg oll ~NIIl ~.~U ¢ct, OOc~, o ' 'c~ Na'~-o0O0nNU MN
N 43 WO 03/087223 PCT/ US03/ 10523 EXAMPLES 8-24, COVPARATI VE EXAMPLES 2
AND 3 TwewoDw3fsnees exanpl es and two conparative exanpl es wece/ysogpeeed,
varying primarily in the type and anount of polyneric additive.
Conpositions and properties are sunmarized in Table 2. Two pol y(aryl ene
et her) EX@MPIVES&Z&S OMRABAZEY G ERryMERES AD) 3 desi gnated "50/50 - 0.12 1V
ZPE}EL\/ﬁN Styrtene" in Tabl e (2 was a 50 wei ght percent solution in styrene of
c 0 n n r ng an
'|' ntri n??wgmglfg'gogg%g o? %-Xj %Wg ? &H%rﬁwep(j)exgmgirésl be(llrallg g{%ﬁ é\gzﬁ g%\a? ed
t50/ 50 p m]@arllgl ih ;t/heH?lﬁb af% atnbGttyrfeodymanmsaddith®. Waingmsitivas enchpropertigsi on in
styrene of a pol ysal ] te-capped poly(2,6-dinethyl-1,4-phenyl ene et her
havi ng %{ﬁSPWIH‘%‘?E‘m Cosity of 0.12 dL/g; this rrét eri al IOwasyprepared )
usi ng the procedure from Exanple 3 of U S. Patent No. 4,760,118 to Wite

et_al. $ewel (arp&hwa{ef)q[yﬁé!dbérbw&i Vﬂ{eq;cﬁﬂﬂlb@h%@the}'j‘k&s%ddueﬂ “s@/58esi gnat ed
CTB X162 car was a carboxy-term nated butadi ener?gonopol yner

havi n? a12d¥rﬂi’(QeMAAéﬁW@m” iacTabladieep S8rVeight PaTeenl SOBION Y SYAFIS Pt er (based
on nolar attrac

of 4, 208 RiHACT lf;? cglpBF Hﬁ?%:‘%]lrsnﬁh 1%%heﬁgl@ﬂgté‘?ﬁerflgﬁ{/ﬁgearf“?ﬁt?iﬁb{lcar wei ght

Ion’ t rature © C, obtai ned as
HYCAR( r )is2Q 9 6k621 £TB/4.r aiie Nolgarylene ether) des1gnated “50/50 - 0.12 IV PPO-

Psal/Styrene” was a 50 weight percent solution in styrene of a polysalicylate-capped

poly(2,6-dimethyl-1,4-phenylene ether) having an intrinsic viscosity of 0.12 dL/g; this
material was prepared using the procedure from Example 3 of U.S. Patent No.

4,760,118 to White et al.

Several polymeric additives were employed. The additive designated “CTB X162
Hycar” in Table 2 was a carboxy-terminated butadiene homopolymer having a
carboxyl content acid number of 25, a solubility parameter (based on molar attraction
constants) of 8.14, a number average molecular weight of 4,200 AMU, and a glass
transition temperature of -77°C, obtained as HYCAR® 2000X162 CTB from Noveon
Solutions. “CTBN 1300X31 Hycar” was a carboxy-terminated butadiene (90%) /
acrylonitrile (10%) copolymer having a carboxyl content acid number of 28, a
solubility parameter of 8.14, a number average molecular weight of 3,800 AMU, and
a glass transition temperature of -66°C, obtained as HYCAR® 1300X31 CTBN from
Noveon Solutions. “VTBNX 1300X33 Hycar” was a methacrylate vinyl butadiene
(82%) / acrylonitrile (18%) copolymer having an acid number less than 5, a solubility
parameter of 8.9, a number average molecular weight of 3,600 AMU, and a glass
transition temperature of -49°C, obtained as HYCAR® 1300X33 VTBNX from
Noveon Solutions. “PMMA N700 AOC” was a poly(methyl methacrylate)
homopolymer provided as a 32 weight percent solution in styrene, obtained as N700
from AOC Resins. “PS N715 AOC” was a polystyrene homopolymer provided as a
32 weight percent solution in styrene, obtained as N715 from AOC Resins. “PVac
LP40A UC” was a poly(vinyl acetate) copolymer provided as a 40 weight percent

44



Sol utions. "CTBN 1300X31 Hycar" was a carboxy-term nated butadi ene (90% /
acrylonitrile (10% copol yner having a carboxyl content acid nunber of 28,
a sol ubiwptog/opaennet er of 8. 14, a nunber average nol ecul aZcCTSOY 52T 3, 800
AMJ, and a glass transition tenperature of -66C, obtained as HYCAR(r)
1300X31 CTBN from Noveon Sol utions. "VTBNX 1300X33 Hycar' was

met hacr solatoa ivistyyéneh obtaiticdrae LPAGAGom Uiy Corhidy {this P(‘l‘-h% I5CYPEMYer havi ng

an acid t.h “ 4 a er

aver age’ Om;gbgé?véea?ﬁg? &‘ﬂ? Onga%%QQ’\%'J )éva paaﬁgl@@l a?%tgﬁég %n ? iCeTJOrrper ature
of - 49 QQ@@I@%M(&%W&M 3630083 h wahag Sbtained hip¥POA fBﬂhMm@tns " PMVA
N700 was a pol y(neth rret hacr Iat e) P ovided as a 32
wei ght ﬁ@btﬂ@n&nOWoD@W on? a°5 §bt‘é(?§1édp9:1{0 VN%@CG@% sins. "PS
NS AR 28R x&gﬁ gé}@erg%mmhx ey O¥bidREd 3 maULBcaner Gftim per cent
sol uti o

yrene 1 ned as N7/15 rom ACC Resins. "PVac LP40A UC' was
a pol y( Unioyl Cﬁbﬁba(hex)v Dopdl ysar Cppdy iXdéd3ab 400 wnelagﬁvrep@ﬂou@mene 44 WO

03/087223 PCT/ US03/ 10523 _ _sol.ution i rene, obt ai from Uni on
Car bi decqpobmaer provded a5 & 3¢ (e tHeVeng%’l?‘&Y [56%6‘&%8%%& da“.% W@g?‘ LP90 UC"
was a paby(¥bPWesfset ate) copolyner provided as a 40 wei ght percent
solutionh 1 n styrene, obtained as LP90 from Uni on Carbide (now Dow). "PVac
Neul onT UC' was a pol y(vinyl acetate) copolynmer proy P/g%d as a 40 wei ght
per cent Thotwosslinker in atftoxpmples WS tramAYl o OpFRotaRgI At C} Aluni on Car bi de
(now Dow). "SB Copoly XV-2314 AOC' was a styrene-butadi ene copol yner

]P ; g\r/ni g\e n??zga%nc?’ gerﬁidgthtlgfoﬁ tob%ﬂllléﬂt sq;rUPl@R@m eMeom XRbB/ANAM @ed XV- 2314

€ Cross I'n all exanples was trinethyl ol propane
triacryhet par(s'IﬁVPH@ﬁdred\feSmlgaﬂlsanmhasom de initiator was obtained as
LUPEROXOO P from Atofina and used at 2 parts per hundred resin in all

sarrpl es. A.cal cium carponate havin aver a

mcr orretAe?%ClWé‘sc n&feng Lo %ﬁ]vixﬁ%/gp?ﬁ?lﬁ orat %ﬁ%%ﬁ%@b&seg%wé% %E%Ineﬁ'

per cent gk BhlyaS@BbRsion @hdsed kS Sveight yementainl Anginipled. G&smﬁbbnsn*et er s and
a dianeter of 17 microneters were obtained as OCF-163D- 17 tame%m onens

Cor ni ng hEvibge length of &3 Hgﬂlnijer@v@p@ ﬁtdlwtgreqﬁ 14 micgpmeters were o
OCF-163D-17C from Owens Corning Fiber and used at 20 weight percent in all

samples.

For each sample, the resin components were mixed thoroughly at about 60 to 70°C
using a Cowles impellor to form a paste. After adding initiator and inorganic fillers,
glass fibers were compounded into the paste using a low shear Hobart dough mixer.
Molding utilized a glass-A mold manufactured by Heyden Mold & Bench of
Tailmadge, Ohio. For each composition, four plaques (approximately 650 g, 1/8 inch
thick by 12 inch square) were made by compression molding at 1200 pounds per

square inch (psi) for 2 minutes.

Part warp was measured as the maximum vertical deflection of a given corner with the

plaque resting on a flat reference surface.

For shrinkage evaluation, the part was clamped to a flat surface and plaque diagonals

were measured. Shrinkage was calculated relative to the size of the compression mold

cavity.
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cooling to 25°C. In separate samples, initiator was added to the neat resins and they

were molded into 3 mm thick plaques between two sheets of polished metal plate

using a Micromet Instruments Minipress (MP-2000). Assessments of uncured resin

miscibility are denoted as “+” for miscible, “-” for immiscible. Cured resin phase

behavior are denoted as “S” for single phase, “M” for multiphase. These assessments

are based on the presence or absence of discernable heterogeneities that, in uncured

resins, are large enough to be observed under an optical microscope, or, in cured

samples, are large enough to scatter significant visible light and render samples

translucent or opaque.

The results in Table 2 show that Examples 8-24 with styrene-butadiene copolymer,
polystyrene, poly(methyl methacrylate), poly(vinyl acetate), carboxy-terminated
polybutadiene, or carboxy-terminated poly(butadiene-co-acrylonitrile), exhibited
reduced shrinkage compared to their respective controls (Comparative Example 2 and

3). Waviness was also reduced in most cases.
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EXAMPLES 25-30

Six samples were prepared varying in crosslinker amount, and polymeric additive and
amount. The base resin for all samples was a 50 weight percent solution in styrene of
a methacrylate-capped poly(2,6-dimethyl-1,4-phenylene ether) having an intrinsic
viscosity of 0.12 dL/g.

The crosslinker was trimethylolpropane triacrylate (TMPTA) or trimethylolpropane
trimethacrylate (TMPTMA). The initiator was t-butyl peroxy-2-ethylhexanoate,
obtained as LUPEROX® 26 from Atofina Chemicals.

Three different polymeric additives were used. The additive designated “PEB Kraton
1.1203” in Table 3 was a monohydroxy-terminated poly(ethylene-butylene) having a
hydroxyl equivalent molecular weight of 4,200 AMU, an approximate hydroxyl
functionality of 0.9, and a specific gravity of 0.88 g/cc, obtained as KRATON®
1.1203 from Kraton Polymers. “PB Lithene N4-9000” was a liquid polybutadiene
having a number average molecular weight of 9,000, 10-20% 1,2 vinyl microstructure,
50-60% trans-1,4 and 25-35% cis-1,4 structure, obtained as N4-9000 from Revertex
Chemicals Limited (Hartlepool, UK). “CTB Hycar 2000X162” was a carboxy-
terminated butadiene homopolymer having a carboxyl content acid number of 25, a
solubility parameter (based on molar attraction constants) of 8.14, a number average
molecular weight of 4,200 AMU, and a glass transition temperature of -77°C, obtained
as HYCAR® 2000X162 CTB from Noveon Solutions.

Each sample was prepared as a 3 kilogram batch containing 25 weight percent resin,
54 weight percent calcium carbonate, 20 weight percent glass fibers, and 1 weight
percent of the mold release agent zinc stearate. Components amount in Table 3 are

expressed in grams and reflect contributions to a 3 kg batch.

Samples molded at 120°C and 1,200 psi for 2 minutes. Orange peel was measured as
described above. Compositions and properties are summarized in Table 3. The
results show reduced orange peel values relative to control samples represented by

Control Examples 4 and 5, below.
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1,2 vinyl mcrostructyr 0-60% trans- - 3500 G ructure,
obt ai neH‘oé"scquﬂ- O%grg)ﬁp RONIES e@?noég /s"qﬁgrﬁ% ?a é%%(%ﬁgﬁt Ogg%c}l%% UK). "CTB
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2000%: 03P EFRITR SR ATORN® a3} HUREhih P dtymer # >
25% total resin, 54% calcium carbonate, 1% zinc stearate, and 20% 13 millimeter

glass fibers.

Molding was performed at 150°C and 1,200 psi. Shrinkage, orange peel, and

waviness were measured for each sample.

The results, presented in Table 4, show that either polybutadiene or poly(ethylene-
butene) alone reduces shrinkage and, in most cases, orange peel and waviness. The
results further show that the combination of polybutadiene and poly(ethylene-
butylene), each at 5 weight percent, is particularly effective to reduce shrinkage,

orange peel, and waviness.
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Table 4

Base resin (pbw)

Trimethylolpropane trimethacrylate (pbw)

polybutadiene (pbw)

poly(ethylene-butylene) (pbw)

Shrinkage (%)
Orange Peel
Waviness
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4,200 aweareghosamessghyse 46@%&%%’?8}/? fog/%%é@gleat}? ned as KRATONO L1203 from
Kraton Pol ymers. All sanples were based on 25%tot al resin, 54% cal ci um
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waviness values represent averages for two samples.

Compositions and properties are presented in Table 5. The results show that the
combination of polybutadiene and poly(ethylene-butylene) is particularly effective at
reducing shrinkage (to the point of causing slight expansion in Ex. 44), orange peel,

and waviness.

Table 5

C.Ex.5 Ex. 37
50/50 0.12 IV PPO-MAA/styrene (pbw) 80 80
Trimethylolpropane trimethacrylate (pbw) 20 20
Polybutadiene (pbw) -- 5
Poly(ethylene-butylene) (pbw) -- 5
Shrinkage (%) 0.095 -0.016
Orange Peel 45 26 10 35
Waviness 1670 135 t0 330

EXAMPLES 38-55

Eighteen samples were prepared varying in the type and amount of crosslinker, the
type and amount of polymeric additive, the type and amount of initiator, and the

molding temperature.

The base resin for all examples was a methacrylate-capped poly(2,6-dimethyl-1,4-
phenylene ether) having an intrinsic viscosity of 0.12 dL/g. It was used in the form of
a 50 weight percent solution in styrene. The initiator t-butyl peroxy-2-ethylhexanoate
was obtained as LUPEROX® 26 from Atofina Chemicals. The initiator t-butyl
perbenzoate was obtained as LUPEROX® P from Atofina Chemicals.  The
crosslinker was either trimethylolpropane triacrylate (TMPTA) or trimethylolpropane
trimethacrylate (TMPTMA).
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Mol di ng was perforned at 150C and 1, 200 psi. Shrinkage, orange peel,
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show t hatweioslen2pol ybut adi ene or pol y(et hyl ene- but ene) =aConsSos/edexes

shrinkage and, in nost cases, orange peel and waviness. The results
further show that the conbination of pol ybutadi ene and pol y(ethyl ene-

EEE Iy InE nBive &iffeherdt pelywestig htag@iéir@e rwere | emphaved-cul Ar I{hySFpIdfiyBated reduce
age,, .Orange, pee '
R R T R SN

00 N i

M~ O WiB8eNalNKRATONILE203 FomKHbn YWoBtheld. i AGnbnehydroxyHbintnate p O N
00 00 Nkni OWd O OO,,NL)OONIi?ﬁl o P r

poly(ethylene-butylene) having a weight average moiecaagI wef g&lt oIN 4,200 AMU was
obtained as KRATON® L1203 from Kraton Polymers. A polybutadiene having a
number average molecular weight of 5,000 AMU and 10-20% vinyl content was
obtained as Lithene N4-5000 from Revertex Chemicals Limited, Hartlepool, UK. An
ethylene-propylene-dicyclopentadiene terpolymer having an ethylene:propylene
weight ratio of 48/52, 9.5 weight percent diene, a viscosity average molecular weight
of 7,000 AMU, and a weight average molecular weight of 40,000 AMU was obtained
as TRILENE® 65 from Uniroyal Chemical. An ethylene-propylene-ethylidene
norbornene terpolymer having an ethylene:propylene weight ratio of 45/55, 9.5%
diene by weight, a viscosity average molecular weight of 7,500 AMU and a weight
average molecular weight of 40,000 AMU was obtained as TRILENE® 67 from

Uniroyal Chemical.

All amounts in Table 6 below are grams per 3 kilogram batch. All samples contained
25 weight percent resin, 54 weight percent calcium carbonate, 20 weight percent glass
fibers (OCF 163D-17C from Owens Corning), and 1 weight percent zinc stearate.
The following are the same for all samples: initiator amount = 15 g; zinc strearate
amount = 30 g; calcium carbonate amount = 1620 g; molding time = 2 minutes;

molding pressure = 1,200 psi.

The results, presented in Table 6, show reduced orange peel and waviness for the
samples containing polymeric additives versus samples without them (see

Comparative Examples 4 and 5, above).
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NHHSO, ¢] CN N 54 WO 03/087223 PCT/ US03/ 10523 EXAMPLE 37,

COVPARATI VE EXAMPLE 5 Two sanpl es were prepared with and w thout 10 wei ght
percent oWOa3687230 wei ght/wei ght m xture of pol ybut adi ene@cani$o3/10523

pol y(et hyl ene-butyl ene). Conponents were the same as those descri bed above
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a 50 wei ght percent solution in styrene. The initiator t-butyl
per oxy- 2- et hyl hexanoate was obtai ned as LUPEROX(r) 26 from Atofina
Chem cal swoThesi2as ti ator t-butyl perbenzoat e was obtai nedCaIgShUREROX(r) P
from Atofina Chem cals. The crosslinker was either trinethyl ol propane
triacrylate (TMPTA) or trinethylol propane trinethacrylate (TMPTMA). 55 WO
03/ 087223 PCT/ US03/ 10523 Five different polyneric additives were enpl oyed.
A di hydroxy-term nated poly(ethyl ene-butyl ene) having a wei ght average
mol ecul anl wei ght| of |1.&0D AMQ heLS ai ned as KRATON(r) L2203 from Kraton
Pol ymer s.| /A npaghydno%y- | el mnat € Dl y( et hyl ene-butyl ene) having a wei ght
aver age rrdl}qi:JEar i ght | of @ 280 was obtained as KRATON RO L1203 from
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110

11230

15
LUPEROX® P|LURERGOX®

150
37.5
1519

L1230
30
26
120

28.0
904

Ex. 46

618
TMPTA
10
L1230
23
26
120
29.6
1194

Ex. 45

612
TMPTA
108
KRATON® | KRATON® | KRATON®

LUPEROX® | LUPEROX®

Additive Amt (pbw)
Molding Temp (°C)

Orange Peel

Resin Amt (pbw)
'Waviness

Table 6 (cont.)
Crosslinker type
Crosslinker Amt
(pbw)

Additive Type
Initiator Type
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Table 6 (cont.)

Ex. 52 Ex. 53 ~ Ex.54 Ex. 55
Resin Amt (pbw) 574 576 540 612
Crosslinker type TMPTA TMPTMA TMPTMA TMPTMA
Crosslinker Amt 101 144 130 108
o) KRATON® | KRATON® | KRATON®
Additive Type | [ IEENE®67) 7 1903 11203 11203
Additive Amt (pbw) 75 30 30 30
Initiator Type LUPEROX® P|LUPEROX® P|LUPEROX® P|LUPEROX® P
Molding Temp (°C) 150 150 150 150
Orange Peel 24.3 26.5 28.3 313
Waviness 1000 884 902 1044

EXAMPLES 56-64, COMPARATIVE EXAMPLE 6

Ten samples were prepared varying in the type and amount of crosslinker, the type
and amount of polymeric additive, the type and amount of initiator, and the molding
temperature. The base resin for all samples was a methacrylate-capped poly(2,6-
dimethyl-1,4-phenylene ether) having an intrinsic viscosity of 0.12 dL/g, which was

used as a 50 weight percent solution in styrene.

Initiators and polymeric additives are described above, except for RICON® 134,
which is a polybutadiene having a number average molecular weight of 8,000 AMU

and 28% vinyl content, obtained from Sartomer.

All formulations were prepared on a 1.5 kilogram scale, consisting of 25 weight
percent resin, 54 weight percent calcium carbonate, 20 weight percent glass fibers,
and a 1 weight percent zinc stearate. Component amounts in Table 7 are in grams per
1.5 kilogram batch. The follow are constants in these samples: initiator amount = 7.5
g, zinc stearate amount = 15 g; calcium carbonate amount = 810 g; glass fiber amount

=300 g; molding time = 2 minutes; molding pressure = 1,200 psi.

The results, presented in Table 7, show that the carboxy-terminated butadiene was
effective at improving surface quality when molded at lower temp (120°C vs. 150°C)

— the improvement is significant relative to a control (C. Ex. 6). The CTB appeared to
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be more highly phase separated at the lower temp enabhngrlowsproﬁle additive
morphology and performance. Both polybutadiene (RICON® 134) and PEB
(KRATON® L1203) by themselves offered improvements relative to control (C. Ex.
6), but there was a synergistic improvement over either alone when these two were

combined.
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whi ch is a pol ybut adi ene havi ng a nunber average nol ecul ar wei ght of 8, 000
AMJ and 28% vi nyl content, obtained from Sartoner. All fornulations vvére
prepar ed Wo 0a/047233 ki | ogram scal e, consisting of 25 wei ght PCpArSo&nts23 esi n,
54 wei ght percent cal cium carbonate, 20 wei ght percent glass fibers, and a
1 wei ght percent zinc stearate. Conponent anmounts in Table 7 are in grans
per 1.Tabkd 7 Gepnhin batch. The follow are constants in these sanpl es:
initiator amount = 7.5 @&x.6Bnc| stleavdt ejanobunt = 15 g; cal ci um carbonate

amount i IV @, @l ASS [1bepgampnt g7 300 g; nmolding time = 2 mnutes;

rmldincem“ #L%—; T = FS : [ :
eSSt . $, presented in Table 7, show that

t he parX iPItTﬂP% | nate T m%:;m%ﬁect I ve at inproving surface

qual i tyXlMﬂe:mArmd(qibd') at| | owe¥ tepmp (2P0OC ¥s. 150C) - the inprovenent is

signifijcant relative t KRAQON® OKRATOMNER.| 6). The CTB appeared to 59 WO
03/ 087;@3le@3’“&§9§/ 105P3 1bgs note hoghly phase separated at the | ower tenp

enabl i P ddiTiye porphelo d f

| y phel ogy and perfornmance. Both
pol ybut ﬁﬁalgﬁ‘% H ‘\,_m él%lgf —and P"”O"’RfTC]\IOO L1203) by thensel ves of fered
I nprovenents relative SH%o I(%@ 6), but there was a synergistic

i mpr ovefdditivelekypsi t hel alldde when tHeseltwo were conbined. 60 WO
03/ 0872R3JIBCTIUSOB(OHL3 39N mO 721 ¢ OMpi P~d ) MOpvoai H

0 ~OWao, Ha -~ (r)LUPBROX®LUPERON® ,-, H a
[nitiator Type P P
Molding Temp °C 150 150
Shrinkage 0.13 0.10
Orange Peel 32 33
aviness 760 440

EXAMPLES 65-72, COMPARATIVE EXAMPLE 7

These experiments show that the polymeric additives are also effective for reducing
the painting defect known as “paint popping”. Four compositions were prepared
varying in base resin intrinsic viscosity, polymeric additive type, and polymeric
additive amount. The base resins were a methacrylate-capped poly(2,6-dimethyl-1,4-
phenylene ether) resins having an intrinsic viscosities of 0.12, and an acrylate-capped
poly(2,6-dimethyl-1,4-phenylene ether) resins having an intrinsic viscosities of 0.30
dL/g. The polymeric additives were a carboxy-terminated polybutadiene (“CTB”)
obtained as HYCAR® 2000X162 CTB from Noveon Solutions, and a 32 weight
percent solution of polystyrene (“PS”) in styrene obtained as N715 from AOC Resins.
All formulations consisted of 25 weight percent resin, 54 weight percent calcium
carbonate, 20 weight percent glass fibers, and 1 weight percent zinc stearate. Initiator
was added at 2 parts per 100 parts by weight of the base resin. t-Butyl perbenzoate,
obtained as LUPEROX® P from Atofina Chemicals, was used for 150°C cures. t-
Butyl peroxy-2-ethylhexanoate, obtained as LUPEROX® 26 from Atofina Chemicals,
was used for 120°C cures. The formulated resins contained 15 weight percent of the
crosslinker trimethylolpropane trimethacrylate. Component amounts are given in

Table 8.
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The two polymeric additives were separately blended with base resin, initiator, and
crosslinker. To these mixtures, the calcium carbonate and glass were added along
with the mold release agent. The resultant composite resins were divided into
appropriate weight charges and each were compression molded into a 12x12 inch
plaque at conditions of temperature and pressure known to result in complete cure of
the thermoset. A total of three plaques were prepared for each composition. As a
further control measure, the entire process was repeated on a second day, generating a

second “replicate” set of three plaques for each composition.

Each of the molded plaques was subjected to an aggressive edge sanding protocol to
produce rounded edges. Using an orbital sander, each edge was then sanded, using a
circular motion, to obtain a rounded profile. Typically between 5 and 10 sanding
passes at various angles were required to obtain a uniform rounded edge. After
sanding, all samples were sent to an automotive painting company to be primed and
painted under conditions identical to those experienced by automotive parts made
from commercial thermoset composites. The priming/painting protocol followed the
standard adopted by a consortium of automotive companies and their thermoset part
suppliers (molding and priming companies.) All plaques were then returned for

measurement of edge pop defects.

The plaques were clamped to a computer-controlled scanning sled that permitted the
precise linear positioning of the plaque under a video camera. The scanning sled was
programmed to travel 2 inches, pause for 2.5 seconds, and proceed to the next 2-inch
segment of the plaque. The sled was programmed to perform this scan sequence 6
times in order to cover the entire 12-inch length of the plaque sides. The procedure

was repeated 4 times in order to analyze all edges of the plaque.

Proper illumination orientation was critical in order to achieve sufficient contrast of
the edge pops. A dual chromed gooseneck fiber optic light source was used to
provide an angled source of light approximately 30° below the top of the plaque.
Each gooseneck light source was positioned on either side of the plaque in order to
minimize shadows and to illuminate edge pops on either side of the curved edge of the

plaque side being analyzed.
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61 WO 03/087223 PCT/ US03/ 10523 Table 7 (cont.) Ex. 63 Ex. 64 Resin Ant
(bw) 270 287 linker Type TMPTMA TMPTMA Xlinker Anmt (pbw) 68 51 KRATONO
KRATON( r )WoAd@s2eye | Type 1203 1203 Additive | Ant (pbwpCTAISE91GRRICON(r )
RICONO dditive Il Type 134 134 dditive Il Am (pbw 19 19

LUPEROX(r) LUPEROX(r) Initiator Type P P Mol ding Te 1 C 150 1 Shri nkage
0. 13 0.The m@nificpeioRewds Gringzed inidpetpsresgye Ahmsm@@%?ﬁsl 8 GW%%COVPARATI g/E

EXAMPLE .7 These exper | ts.sh - | ks tel : I
i f ot 196 POF BB D e e e e o™ o Four
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polymeric additive type, and pol yneric dditive ano o L b '
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havinganin&,'q' | 5£051eht 88acBEd OThE vidRB SaRBraddsyihif -
pol y(ché?nglrarreithyl%-o%?nﬁ- paf‘;teozf éeneace{e?ierrr%ll ?les?ngﬁhgvi%g an fér??t?faﬁgjc
Vi scosigak&@bin@fge AndAPsis dystagn. The pol yrmeric additives were a

car boxy-term nated pol ybut adi ene ("CTB") obtained as HYCAR(r) 2000X162 CTB

o Moot SOt e, 2, S8 AL 0045l clpfagt o
consi stgdy QfchZRatWaE GRbePRB0BE woelsl dutorhdticatty dititizeethe émbgecaldcitomm it

to the hard drive and repeat this process 6 times in order to store 6 images from each

side of a plaque. A separate routine was written which first enhanced the contrast in

the image of the edge and transformed the gray level image into a binary image by

selecting the characteristic gray level range of the edge pops. Once the binary image

was created, the image analysis program determined the edge pop defect size for every

defect detected. A Microsoft EXCEL® macro was written to determine the average

edge pop defect diameter, maximum diameter, and number density for each plaque

edge.

Continuous data on the individual plaque edges (four twelve-inch edges per plaque) of
each separate formulation were generated for the following measurements: paint pop
number per area (counts per square centimeter of sanded edge), average paint pop
diameter (millimeters), and maximum paint pop diameter (millimeters).  The
normality of the distributions of the paint pop number data allowed calculation of a
pooled average for each formulation and its replicate. For each measurement type, the
average and standard deviations are therefore based on 24 measurements,
corresponding to 2 batches times 3 plaques/batch times 4 edges/plaque. For example,
for a given formulation, Maximum Pop Diameter and its standard deviation are
obtained by measuring the maximum pop diameter for each of the 24 total edges for
that formulation, then calculating an average and standard deviation based on the
population of 24 maximum pop diameters. Table 8 lists the statistics of the individual

formulations.

64



carbonate, 20 weight percent glass fibers, and 1 weight percent zinc
stearate. Initiator was added at 2 parts per 100 parts by weight of the
base resiwo o3o8u2ey| perbenzoate, obtained as LUPEROX(r) PCrrusns/A5es i na
Chem cal s, was used for 150C cures. t- Butyl peroxy-2-ethyl hexanoate,

obtai ned as LUPEROX(r) 26 from Atofi na Chem cal s, V\éas uaed for 120C cures.
The f orftsbatqerinesindenuostraip tead thispelEmghe addifivesfan Seduch SI8EPYRYE nker

tri mat\k;%lfo%propane trimethacrylate. Conponent anobunts are given in Table
8. 62 U8 087223 PCT/ US03/ 10523 The two pol yneric additives were

separately blended with base resin, initiator, and crosslinker. To these
m xt ur egzbid e cal ci um carbonate and gl ass were added along with the nold
rel eas¢ agent. The resultant conpogifg 7 esims 69erie Ei.\woded Extd
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vari Ous_a.n.%ﬁk—'e were reguir It e
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Swerereguired—to—ogbta-n—ajumttgrmro 0 Eeadgg.nAf 1 er
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aut O_rmt' Ei&@b‘aﬁaoﬁ%%mwr@@fﬁ@mrqi@b-lt hler g9t cohgadsi t €s163khke f
ri m ngpatati-agprotecol—fottowadtd S qg@,a—f' I |ad D nsortiumo
gutom)t S@&%M%@ Pt hei r—ther éggf aFt— Sgu p&%é?g .}lrglégd?ﬁg and

pri ni ngAversgaRpe Numbaf (cophtagues ver 8.tthen| r et. ¥ nefd 1b#3 mpashifbnent of edge
pop defleCiganddirddiArHesunsrengl dnpadsg o B cmaput pr-geat r ol | edoscanni ng

\s/: ggotg &Eéi*!ﬁ S LI m 5eci SE iiqu?gf p05|(5_|3’53n|t 19‘6).1§,r7t|he pbggye under a

> —S—l—ed——\ﬂV&S—&;eg o—trayet—2 bOGTey. pause
for 2.5 setongsl deyidiop(@ebed to the Wkt b-i%bh 0.12 :
Maximum Pop Diameter (mm) 1.33 0.72 1.05 0.68

standard deviation (mm) 0.50 0.19 0.40 0.20

EXAMPLE 73, COMPARATIVE EXAMPLE 8

Two compositions were prepared to illustrate the effect of a poly(vinyl ester)
compound on shrinkage. The functionalized poly(arylene ether) was provided as a 35
weight percent solution in styrene of a methacrylate-capped poly(2,6—di1hethy1—1,4-
phenylene ether) having an intrinsic viscosity of 0.12 dL/g. A poly(vinyl laurate)
having a number average molecular weight of 110,000 AMU was obtained from
Scientific Polymer Products. Shrinkage was measured as described in Examples 1-7.
Compositions and shrinkage values are provided in Table 9. Note that the ratios of
resin to calcium carbonate and (resin + calcium carbonate) to glass fiber are the same
for both samples. The results show that addition of the poly(vinyl ester) reduced the
shrinkage of the composition.
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t he plaque. Proper illumnation orientation was critical in order to
achieve sufficient contrast of the edge pops. A dual chroned gooseneck
fiber opibilecO!| i ght source was used to provide an angl ed source of |ight
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posi ti ¢ 18p&leQriflefRnide d alvigeo |capera|with a 50mm nmacro |ens
attachgﬁa%%%?%?deo caner a ﬁgs pﬁ?@rfaced to a PC based i mage anal ysis
syst emiy The: LARge, is system was cloorgi natedow {h the

conput ?@g§ﬁ¢ﬁ§ §§ﬂ§kﬁﬁning sted suchf that tthe 1mage anal yzer woul d

aut omatly caldiyn i ghhyze the image and store3it | ta@the hard drive and repeat
this prgﬁﬁﬁﬁ%fb +E&%a&ﬂp9®?er To Store |6 1pagds fromeach side of a

| aque. e Wit tem w T emhanced the contrast in
Pheqi o CMF@I‘ . TREe Was ) .§40 .

XVH t vy ancf ~r

of—the—ddge—and—transforred—thegra revet image into a binary
i mge kwgﬁbaﬂ@bn@ t he characteristic—gray—tavel—+ange of the edge pops.
Once t NEROPERNEPmage was created,  thelinage §s program det erni ned

the eddshpaggdei@ct size for every defech-l8etle®®d [|A M crosoft EXCEL(r)
macro was witten to determ ne the average edge pop defect dianeter,
maxi nrum di anet er, and nunber density for each plaque edge. Continuous data

on the individual plaaée edges (four twelve-inch edges per plaque) of each
separ at EXAMBLEAY Were generated for the fol | owi ng neasurenents: pai nt

pop nunber per area (counts per square centinmeter of sanded edge), average
pai nt pag compositions varying in poly(vinyl ester) type were prepared. Each sample

contained 80 parts by weight of at 35% solution in styrene of methacrylate-capped
poly(2,6-dimethyl-1,4-phenylene ether) having an intrinsic viscosity of 0.12 dL/g, 20
parts by weight of trimethylolpropane trimethacrylate, 10 parts by weight of the
poly(vinyl alkanoate), and 2 parts by weight of t-butylperoxybenzoate initiator. The
poly(vinyl esters)s were poly(vinyl propionate), poly(vinyl pivalate), poly(vinyl
nonanate), poly(vinyl butyrate), poly(vinyl neodecanoate), and poly(vinyl
neononanate). The blends were prepared by mixing the capped-PPE, the poly(vinyl
ester), and the trimethylolpropane trimethacrylate at about 50-80°C. The resulting
solutions were cooled to about 40-60°C before addition of the initiator. The
compositions were cured at 150°C. All blends showed phase separation as indicated
by the opaque white appearance of the cured discs. This opaque appearance indicates
phase separation, which is an important indication of cavitation in the cured
specimens. Poly(vinyl propionate) and poly(vinyl pivalate) produced the highest level

of whitening,.
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0-33 results show that addition of the vinyl-terminated and dihydroxy-terminated

polydimethylsiloxanes reduced the shrinkage of the composition.

Table 10

C.Ex. 9| Ex. 80 | Ex. 81 | Ex. 82
COMPOSITION
PPO-MAA/styrene solution (pbw) 85 85 85 85
Trimethylolpropane trimethacrylate (pbw) 20 20 20 20
Vinyl-terminated polydimethylsiloxane (pbw) 0 10 0 0

Polydimethylsiloxane-co-methyl-3-
hydroxypropylsiloxane-graft-poly(ethylene-

propylene) glycol (pbw) 0 0 10 0
Hydroxy-terminated polydimethylsiloxane

(pbw) 0 0 0 10
Zinc Stearate (pbw) 3 3 3 3
t-Butylperoxybenzoate (pbw) 2 2 2 2
Calcium carbonate (pbw) 220 240 240 240
Glass fibers (pbw) 83 85 88 88
PROPERTIES

Shrinkage (%) 0.18 0.052 | 0.21 0.072
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standard deviation (mm 0.09 0.05 0.12 0.00 Maxi num Pop Di aneter 1.33
0.72 1.05 0.68 standard deviation (nm) 0.50 0.19 0.40 0.20 EXAI\/I(DE? 73:
COVPARATIWB 0BX#MPL E 8 Two conpositions were prepared to i PCHAtSOE10523 he

effect of a poly(vinyl ester) conpound on shrinkage. The functionalized
poly(arylene ether) was provided as a 35 weight percent solution in

st yr eneEEAMPLRS BH O ACEOMBARAT Y EXAMPIHNES-AY1 - 1, 4- phenyl ene et her)

having an intrinsic viscosity of 0.12 dL/g. A poly(vinyl laurate) having a
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Sci enti ??lgeﬁ‘gf%}’@oﬁﬁ&?’g ueé‘%\g}.egg}%g ?%@égn\%agguﬁggsur e%IBas o?ggg?(iﬁlgggg’i n
Exanpl egndl-afounfso mposiaghenan aoxidehtitankay e divaldee sandr ealgiugwi epsboniaie. Tabl e 9.

Note that the rati f resi | gi I.N: i
Car bonaCERPY a5asy RETIvE] 0pTHe a1 & MRt SR FRR LTt o show
t hat adg@gﬁﬁg%@ﬁ%ﬁ@hﬂ&ﬁé%m%@ N dcul2 hesefl of BS00 HNVIUNdeAgS-38%t he

conposi ) 087223 PCT/US03/ 10523 “Table 9 C Ex. 8 Ex. 73
COVPOS| T2GhhRROafohiobtayredrrs RIGION® d A 1 Mg ors Sagemer & Gaiaiwp caoopge ane

trinmethacryl ate bw) 2 0. Poly(vinyl l.aur ) ' St t
(pbw - 308HiHE aEAG S0 0 eI E e S s 3 G R sE et e 500 240
G ass f iRE1dsPRWInS3bBedRROPERTI IS PPGkage (%) 0.18 0.011 EXAVPLES 74
TO 79 SIix conpositions varying in poly(vinyl ester) type were prepared.

Each sanpl e
Batches of filled resin, 18 kg in size, were compounded using a Cowles blade mixer in
five-gallon pails by first heating the base PPO in styrene resin and crosslinker to 35°C.
Calcium carbonate, preheated in a cement mixer with a kerosene forced-air heater to
between 55°C and 65°C, was then combined with titanium oxide and zinc stearate and
added to form a paste. Polymeric additives were incorporated next, and then,

immediately before coating, the magnesium oxide and initiator were added.

Sheet molding compound (SMC) was produced from the compositions using a 60 cm
wide line. The line included various elements to add heat to the process. The
aluminum plates beneath both doctor boxes were heated with circulating water to
bring the surface temperatures of the first and second boxes to 35°C and 45°C,
respectively. Hot water at 90°C was circulated through the compaction rollers, and
the entire compaction area was enclosed and maintained at 40°C with the aid of a
warm air convection heater. The doctor blades on both resin boxes were set with a
0.098 inch gap. Pressure on the compactor roles was set at 10 psi at the entrance, 20

psi for rolls 2 through 8, and at 40 psi on the exit roller.

Sheet molding compounds were compression molded using a Class-A mold
manufactured by ToolPlas of Windsor, Ontario, Canada. Stacks of four 15 centimeter
SMC squares weighing 650 g each were formed into 3 mm thick by 30 cm square
plaques by compression molding at 150°C and 1200 psi for 2 minutes. Thus, the
typical charge coverage on the molding area was 25%, but in limited studies complete

coverage was explored.

68



contained 80 parts by weight of at 35% solution in styrene of

nmet hacryl at e- capped pol y(2, 6-di net hyl -1, 4- phenyl ene et her) having an
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trimethacrylate, 10 parts by weight of the poly(vinyl al kanoate), and 2
parts by weight of t-butyl peroxybenzoate initiator. The poly(vinyl
est er s) Borvdwiakpgsl pesdurgmenss, sarbmalder plagie, wos flpmpse 1t 4p)a Si%t(ﬂabivi nyl
nonanat e) .. Dol v{ yi.nul . i | pydin RRedRGaIeak o Rts BRI Y (Vi ny!
neononaﬁ%@%ﬁga%%%wg¥gﬁ§§ﬁéégéggﬁg%g%% y aning the capped-PPE, the

pol y( Vi gilogogsit 8dds, Bavth plhguet whsredidtyd 6D plegrranend rémesshreedrty Inainenge about
50-80C. The resultin sol.utions were cooled . to about 40-6 faore
addi t i ohafbprltﬂﬁétl?fhieffg%ltﬁ-ors.‘hnﬂkége (W&?rﬁ?)]é?}ﬂl%%gn?l%é’? gtoctﬁf" &4t 81%5%%n Al bl ends
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was ob%@bﬁ%ﬁcgﬁg@NéLdrich Chem cal Conpany. Shrinkage was neasured as
descri bed Exanpl es 1-7. Conpositions and shrinkage val ues are provided
in Table 10. The results show that addition of the vinyl-term nated and
di hydroxy-term nated pol ydi nethyl sil oxanes reduced the shrinkage of the
conposition. Table 10
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added to forma paste. Polyneric additives were incorporated next, and
then, imediately before coating, the magnesiumoxide and initiator were
added. Shwetosfeids ng conpound (SMC) was produced from t he PCOMSOF1E2DNS
using a 60 cm wde line. The line included various elenents to add heat to
t he process. The al um num pl ates beneath both doctor boxes were heated
with ciTewlkadli(cantwater to bring the surface tenperatures of e first and
second jboxes to 35C and 45C, respectEx@&by| Exop0 rr9lal B0@2was circul at ed

t hr ougt 6 |on roffers, and the entire donpaction arep was
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degrees C@%m@m{@@bw mnimze |paxdo ori dmltat on8®f flectss. Hhri nkage was

cal cul a T e r0 the zero cal | brafi ons Hqst ablllnshed by the
manuf acﬁﬁsgfﬁ?\ B Wevico—TFhree phagties—ywere—testedfgr—eactr fornul ation

and thePME%HE&nd St andard deviatilon for ieach cbmositlion are pr ovided in
Tabl e 1ghrifkadecasd. (@) f our-fol d redudt D6 n &RAtl nka81%as 0dBfail ned when t he
pol yrer isg 2o tkt}ﬂﬁexpm' nation of a @I(},{(set hylbenet uoene) oand a

pol ybut enptoyed (Exs. 83 EXE. 15Lg M)._V\a i ness and
or ange ﬁ%@égﬂéasw_ed—as desecr Mifog ‘203 aces—pai nted gl oss

y LS 'U ;I I actts MY
bl ack. BExangd B=1,88id@2. conpri si ng pol vmlzrzl c ad%i9t| eql xhi bhite
subst antyalihss, ave. 591.7 | 705.0 | 370.0 -

Waviness, stddev. 63.9 175.0 205.1 -

The results of the above experiments show that the compositions comprising the
polymeric additives exhibit reduced shrinkage and improved surface smoothness

relative to compositions without the polymeric additives.
EXAMPLES 93-97, COMPARATIVE EXAMPLES 13-14

Five compositions (Ex. 93-97) were prepared to illustrate the effect of polybutene
compounds on uncured composition viscosity. The components of the compositions
tested and comparative examples (C. Ex. 13-14) are provided in Table 12. The
amount of polybutene is in parts by weight based on 100 parts by weight of the total
composition. Polybutene was mixed into a base formulation comprising 20 weight %
TMPTMA crosslinker and 80 weight % of a mix of 50 weight % of a methacrylate-
capped poly(2,6-dimethyl-1,4-phenylene ether) having an intrinsic viscosity of 0.12
dL/g (at 25°C in chloroform) in 50 weight % styrene. The polybutenes used are

available commercially under the trade name INDOPOL® Polybutenes manufactured
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| ower waviness and orange peel values than Conparative Exanples 10-12

| acking polynmeric additives. 69 WO 03/087223 PCT/ US03/10523 00 rn d o 00
00 O 0 MwOts®2300 00 N oo V) tn ONMOO0 W-- - O (PLTNSI®N5E O M N
00 toto ONMOto OO pp OO 00O0OOCj 00V) t(') NMin 00O OONMO w
[~r o O~t kn 00 O 00 pp Mr) to NOvi MNCy 06 to O Ln 00 ~-
O O N MpAxo®0 Therpolybu@nenumbpoayergrmpelycuiarcyeighys W@Ha%égffo% MO V) 00

w o 1 0% gbm il AtGy (R Bt ARV o o N °

80°C and then allowed to cool about 12 hours resulting in the formation of sol-gels.

A control example (Comparative Example 13) and a polybutadiene example
(polybutadiene, Ricon 134, Mn=8000 sold by Sartomer) (Comparative Example 14)
were prepared in the same manner as Examples 93-97. Viscosities of the
compositions were measured using a Brookfield viscometer, model DVII+, equipped
with a T-bar spindle and given the units centipose (cP). The viscosity of the
composition immediately after mixing (Mmix) Was measured at approximately 60°C.
The viscosity of the sol-gels (nge1) formed from the mixed compositions after cooling
and standing overnight was measured at 25°C. The sol-gel transition temperature
(Tsoi-gel) Was also measured for each formulation by heating sealed vials of the gels in
a controlled temperature bath. The temperature of the bath was incrementally raised
and the samples were checked for flow upon inversion. All measurements are found

in Table 13 and graphically displayed in Figures 1 and 2.
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WD 03/ 087223 PCT/ US03/ 10523 Table 11 (cont.)

COMPCSI

Tri met hylwbpsogaee trinmet hacrylate 17.0 17.0 17.0 17.0
(pbw) 5555 RICON 134 (pbw) 55 55 RICON 131 MA (pbw) 55 5 5
- But yl peroxybenzoate (pbw) 2 2 2 2

Oxi de

TI ON PPO- MAA/ st yrene sol ution (pbw) 68.0 68.0 68.0 68.0

pbbip 16.3 0.3 0.3 1.0 Titanium D oxide (pbw) 0 15 0 150
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As depicted in Figure 1 and from Table 13, the results show that the addition of 5 pbw
of a polybutene having a Mn of about 326 to about 600 causes only a small increase
(up to about 1300 cP) in initial viscosity at the mixing temperature (Mmix) @s compared
to the control sample without polybutene (Comparative Example 13). Upon cooling
to 25°C a sol-gel is formed and the polybutene dramatically increases the composition
viscosity by as much as 4.6 x 107 cP (Figure 1, nge). After formation of the sol-gel,
the polybutene sol-gel examples exhibit transition temperatures that range between
about 60°C to about 105°C depending on polybutene molecular weight (Figure 2).

The Comparative Examples 13 and 14 exhibit lower transition temperatures (55°C).

While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many 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.
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anount of polybutene is in parts by weight based on 100 parts by wei ght of
the total conposition. Pol ybutene was m xed into a base formnul ati on
conpri si nyoB/osmeyht % TMPTMA crosslinker and 80 wei ght ®Cofusas/misz3 of 50
wei ght % of a nethacryl ate- capped pol y(2, 6-di net hyl -1, 4- phenyl ene et her)
having an intrinsic viscosity of 0.12 dL/g (at 25C in chloroforg? in 50
wei ght %l cm@pﬁéentsr hpetepb hpmiceenss and e@lerareéerewa AFalCPOBHFEREFIRINY under

t he trad%.na 1@ %%%é) Pol ybut enes manufactured 71 WD 03/087223

PCT/ Us037 55531 BT & The pol ybut ene number average nol ecul ar wei ghts
(M) ranged from 227 to 750 atomic mass units (AMJ). The conmponents were

m xed together at about 70- 80C and then allowed to cool about 12 hours
resulting in the fornmation of sol-gels. A control exanple (Conparative
Exanpl e 13) and a pol ybut adi ene exanple (pol ybutadi ene, Ri con 134, M=8000
sold by Sartoner) (Conparative Exanple 14) were prepared in the sane
manner as Exanpl es 93-97. Viscosities of the conpositions were neasured
using a Brookfield visconmeter, nodel DVII+, equipped wth a T-bar spindle
and given the units centipose (cP). The viscosity of the conposition
imredi ately after mixing ((err)(err)) was neasured at approxi mately 60C.
The viscosity of the sol-gels ((err)(err)) formed fromthe m xed
conpositions after cooling and standing overnight was nmeasured at 25C. The
sol-gel transition tenperature (Ts.,-gel) was al so neasured for each
formul ati on by heating sealed vials of the gels in a controlled
tenperature bath. The tenperature of the bath was increnentally raised and
t he sanpl es were checked for flow upon inversion. Al neasurenents are
found in Table 13 and graphically displayed in Figures 1 and 2. 72 WD

03/ 087223 PCT/ US03/10523 WO Il | 1 cn NN 00 N
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o1 1 11 Wkr) kr) PC11 I I I MOLI a NOOOONNOC OO0OO0OO0OON
E ia E tarngf/lo [t:l I'D N GI(;IC?? V\§) 03/ 087223 PCT/ US03/ 10523 Table 13 M

ol ybut e roB/0872p3 at cP) qge, at 25C (cP) Tsol -gel (@CT/USKR3/1

2. 6E+07 60 Ex. 94 326 800 3.4E+07 65 Ex. (95 )455 1228 4. E)EijO? 935 ®§3x.2256520
600 1700 5.0E+07 105 Ex. 97 750 1850 5.9E+07 105 C. Ex. 13 - 550 1.30E+07

55 C. E9QREIGN-CIIZBdS1. 00E+07 55 As depicted in Figure 1 and from Table 13

the results show that the addition of 5 pbw ’

1. A curable composition, comprising:
a functionalized poly(arylene ether);

an alkenyl aromatic monomer;

an acryloyl monomer; and

a polybutene,

wherein the polybutene has a number average molecular weight of greater than

or equal to about 300 atomic mass units.

2. The composition of Claim 1, wherein the curable composition is a sol-

gel having a sol-gel transition temperature of greater than about 605C.

3. The composition of any of the preceding claims, wherein the

functionalized poly(arylene 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; yis 1 to

100; J comprises repeating structural units having the formula

m

wherein R'-R* are each independently selected from the group consisting of hydrogen,
halogen, primary or secondary C;-Ciz alkyl, Co-Ci2 alkenyl, C,-Ciz alkynyl, Ci-Cy2
aminoalkyl, C;-Cj, hydroxyalkyl, phenyl, C;-Ci2 haloalkyl, C;-C;, hydrocarbonoxy,
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of a pol ybutene having a Wnh of about 326 to about 600 causes only a snal
increase (up to about 1300 cP) in initial viscosity at the m xing

t enper at LIWO 081087223 ) as conpared to the control sanple w PhoatsSopaisybut ene
(Conparative Exanple 13). Upon cooling to 25C a sol-gel is fornmed and the
pol ybutene dramatically increases the conposition VISCOSIté@Fy as nmuch as

4.6 x 10dc®-CEi gﬂpbydrocarbwy whgreisr aff etV Fapion: HeMSofergRfe the e

pol ybut ene sol S_ e it ange

Dot veen inggt e &5t S I i SRl leckl 307 Ao R Bk o, e e gt
(Fi gur e fm the BRoupGampiatiag b¥e Exanpl es 13 and 14 exhibit lower transition
tenperatures (55C). Wile the invention has been described with reference
to a preferred enbodinent, it wll be understood by 4 hose gkilled in the
art that various changes, may be .madg and equival ent e substituted
for elenments thereof wthout départing fromthe scope ‘he invention. In
addi tion, many nodificafigns de to adapt a pgrticty ar situation
or material to the teachihgs §f the ijventi on_w {ho Lngpfirom
essent i al—3copk t her eof . it sagdj i i
be limted to the parti\cular i
contenplated for carryin ,
include all enbodinents falling within the scope ofR?he apméhded cl ai ns.

74 WD 03/ 087223 PCT/ US03/10523 Al cited patents, patent applications, and

h f d h .
75 V0 03y braBaS. O GenababaR R e erk et Al i B8 a8l { Fon

conpri si Qgsistidh qusyd%g%hl zeﬁo?p' Mkﬁr yt@@% cilhenyl; GRCA kegly! Camt i c
nononer; an acryl oyl nononer; EPIy utene wherein th % cybutene has
18

a nunberalhﬂsnbsg@utmlaeyﬂulCarCmearglhftubétﬂu dealkdy Cotfam alkoxycarbonyl,
aryloxycarbonyl, Cg-Cis alkyl-substituted aryloxycarbonyl, Cg-Cyg aryl-substituted

alkoxycarbonyl, nitrile, formyl, carboxylate, imidate, and thiocarboxylate; R’-R" are
each independently selected from the group consisting of hydrogen, halogen, Ci-Cy2

alkyl, hydroxy, and amino; and wherein Y is a divalent group selected from the group

)

wherein R'* and R'® are each independently selected from the group consisting of

consisting of

O—0
L
e ¢ 4
J

n=—=~0

R
, and C:J

O

hydrogen and C;-C;; alkyl.
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or equal to about 300 atomic mass units. 2. The conposition of Claim1l,
wherein the curable conposition is a sol- gel having a sol-gel transition
t enper at We oefsgexat er t han about 60C. 3. The conpositi onPefi/tsny1683 t he
precedi ng clains, wherein the functionalized poly(arylene ether) is a

capped poly(aryl ene ether) having the structure J- K Wge ein Qis the
resi duum of 4. nondhydemposidipnyd '@PléfWE@PVh§@F®E§%ﬁ@ﬁ%¥¥p yé@”?“ﬁo 100; J

conpri ses _nepeat i LUGT U i i f O RB R4
S nteBhE B lop R SR gkt SRS st wils
consi st hagn@thdpenalgen, hal ogen, primary or secondary Cl-Cl2 al kyl, C2-Cl12
al kenyl, C2-Cl12 al kynyl, CI-Cl2 am noal kyl, Cl-Cl2 hydroxyal kyl, phenyl,
Cl - Cl2 hal oal kyl, C-Cl12 hydrocarbonoxy, 76 WO 03/087223 PCT/US03/ 10523
and C2-Cl12 hal ohydr ocar bono at Ieggt two carbon atons separate
the hal ogen and oxygen atons €Hoabodt 200; and K is a capping
group selected fromthe grgup R RO R6 Y11 -Y -R R7 and
Y R R R13 R12 wherein R5 i g Cl-H2=3 ; -R8 are each independently
selected fromthe group consisfi en, Cl-Cl12 al kyl, C2-C 12

al kenyl, C6-C18 aryl, C7-C-48 ‘ ted aryl, C7-C 18

aryl -substituted al kyl, C2- |, C7-C 18 aryl oxycarbonyl,
C8- C18 al kyl -substituted ar Cl18 aryl -substituted

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

—éCHZ>—CEC——L8
b

wherein L is hydrogen, methyl, or ethyl, and b is an integer from 1 to 4; and wherein
about 0.02 mole percent to about 25 mole percent of the total L'-L* substituents in the

ring-functionalized poly(arylene ether) are alkenyl and/or alkynyl groups.
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al koxycarbonyl, nitrile, fornyl, carboxylate, iridate, and thiocarboxyl ate;
R9-R13 are each independently selected fromthe group consisting of

hydr ogen,wbabogrena; Cl-Cl2 al kyl, hydroxy, and am no; andP@marses/ms¥3is a

di val ent group selected fromthe group consisting of C (fl) (U (1) R14 |
, and 115 wherein R14 and R15 are each independently selected fromthe
group consi st ng dhe doperosijien ofray Of ts preceding claimy, Wsrein, thg pikeayl

PCT/ US03/ 10523 4. e‘l; %Sg%r@lgggug on of Caim1, wherein the functionalized
pol y( ar HERE dPHEN i 35T Mg-1 uncti onal i zed pol y(aryl ene ether) conpri sing
repeating structural units having the fornula L2 CH2-L' \ / O L3 CH2-L4
wherein each L'-L4 is independently hydrogen, an al kenyl group, or an

al kynyl group; wherein t he RI°k nyl g is represented by L5 4CH2 k C a
| L6 L7 wherein L5-L7/are indepen dr genaor methyl, and a is an

integer froml to 4; erein g represented by 4CH2 ' C
C L8 wherein L8 is hydnogen,
to 4; and wherein abou . to abou% 25 nol e percent of the
total L'-L4 substituents\ IA th unctionalized pol y(aryl ene ether)
are al kenyl and/or al kynyl groups. 78 WO 03/087223 PCT/ US03/ 10523

and.b is an integer froml

wherein each R'® is independently selected from the group consisting of hydrogen,
C;-C1z alkyl, C»-Cip alkenyl, C-Ci; alkynyl, and C¢-Cis aryl; each R is
independently selected from the group consisting of hydrogen, halogen, C,-Ci2 alkyl,
C;-C1; alkoxyl, and C¢-Cig aryl; pis 1 to 4; and qis O to 5.

6. The composition of any of Claims 1-5, wherein the acryloyl monomer

comprises at least one acryloyl moiety having the structure

wherein R'® and R' are each independently selected from the group consisting of

O=—=0

C—
élS

Aruu)

hydrogen and C;-C;, alkyl, and wherein ng and R" may be disposed either cis or

trans about the carbon-carbon double bond.
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5. The composition of any of the preceding clains, wherein the al kenyl
aromati c nononer has the structure R16 HO 17 R H2C P wherein each R16 is
i ndependewOlog/osebect ed fromthe group consisting of hydro®€m/USo105¢3 2

al kyl, C2-Cl12 al kenyl, C2-Cl12 al kynyl, and C6-C18 aryl; each R17 is

i ndependent|ly sel ected fromthe group consisting,of hydrogen, hal ogen,
Cl-C12 al kyl7. C Thecampesitixgi anyaefdClesnc] -Pg Whietrin ths Feeylayl mgonpmel g o js 0

to 5. 6. The copmpositi i = wherein the acryl oyl nonomer
conpri S%@l%reseﬁgglggsﬁgﬁggggfr%&} %}B/Yet}?rﬂoalvgghgggﬁﬁgmt he structure 701 CCC ~I 8
~19 wherein R18 and R19 are each independently selected fromthe group
consisting of hydrogen and CltCl2 _gjkyl, &nd wherein R18 and R19 nmay be

di sposed either cis or trans/about} the carkon-carbon doubl e bond. 79 WO
03/087223 PCT/ US03/ 10523 7. [The cgmpositiaon of any of Clains 1-5, wherein
t he acryl oyl nmononer conpri cryloyl noiety having the
structure R2 R21 0 R22 wherner are| each i ndependently sel ected
fromthe group consisting of 2 al kyl, C2-C12 al kenyl,
C6-C18 aryl, C7-C18 al kyl -subgtilt uted C7-Cl1$ aryl -substituted al kyl,
C2- Cl12 al koxycar bonyl, C7-C18 |, C38-C18

wherein R2%-R? are each independently selected from the group consisting of
hydrogen, C;-Cjy alkyl, C,-Cyy alkenyl, Ce-Cis aryl, C7-Cig alkyl-substituted aryl,
C;-Cig aryl-substituted alkyl, C,-Ci2 alkoxycarbonyl, C7-Cis aryloxycarbonyl, Cs-Cig
alkyl-substituted aryloxycarbonyl, Cg-Cg aryl-substituted alkoxycarbonyl, nitrile,

formyl, carboxylate, imidate, and thiocarboxylate.
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al kyl -substituted aryl oxycarbonyl, C8-Cl18 aryl-substituted al koxycarbonyl,
nitrile, fornyl, carboxylate, imdate, and thiocarboxylate. 80 WD

03/ 087223WB@3081328/ 10523 8. The conposition of any of C &CwaIst3/7523
conprising about 0.1 to about 30 parts by wei ght of pol ybutene, based on
100 parts by weight total of the functionalized pol yaﬁjarell ene ether), the
al kenyl aronftic fbaommpositioe ofheny Pbylaimgdnbremprisig aREC B9 Bhe¥ne. 9. The

car ol yse0 SerBopateiEn T ReTpkas: Sa 85 1GPER ) Aefin BRT oI Cy

catal ys d e “group’ consi s oyl~ peroxi de, dicunyl
per oxi deynciBhdIred epdlylaryi@iconteperiai dkenyll aaromhtipenoximie, thycicoylexlanone
peroxide, t- butyl hydroperoxide, t-butyl benzene hydroperoxide, t-butyl
per oct oateaomer,3nd dheral YRHeEx ane- 2, 5- di hydr oper oxi de,

2,5-di net hyl -2, 5-di (t-butyl peroxy)-hex-3-yne, di-t-butyl peroxide,

t-butyl cunyl gper oxi ? 8n 3F RhROr Biahk 1 by tivkiRe reeMiprifing] 8 aasOe ) benzene,
2, 5-di net hyl -92, 5- ?:h "t%?g%%)gpperoxy ﬂexane, ~dicunyl peirh%sxi de%, di (t-
but yl pecaiyg icatbfst seleetee, fram bihe ygrpap erypsisting af denzoyl peroxide, dicumyl

2,2-bis(t-butyl perox tane, 2.2-bis(t-but.yl per . g

2. 5 di metigIeey e (P R E AP Pt SR EE TSRS i de.
trimet hylsi | wl@ogaskide) phamyl Yehydnepaiyiopdeoxide, t-butyl peroctoate, 2,5-

2, 3-di net hyl - 2, 3-di phenyl butane, 2, 3-trinethylsilyloxy-2, 3-di ghenyl but ane,
and i ximeteslhexansrd, Sdiydepperozids ém%d@lﬁethﬂezﬁ‘é’r(béw TRy 9%€al yst s.

10. The ¢ i tion of @ ai =9, f CNRL-bsH fhbr ous
filler. di'f"%%;peer%)%?r%ositﬁ)lwr%a%?ﬁanyﬁ%?ﬁ%‘fg’ai rfdgﬁﬁf-’ 1 }’1a %ﬁh@?mg%‘ﬁr%ﬁ sing a
par ti culigdpeoryibbeiene,12 5-dinethgbppedi{titivoyipabxphyxaoe, dcamyipetoxide, difir t her

conprising an-additive selected fromthe grou onsj sting of, flane
retar darbﬂlg’,lpwbd rigpbilatagel Etyg?‘?ﬂox%%o& es @%—ﬁz&?ﬁéﬁuﬂge%{xyﬁbé%aﬁe, one of
the I or eohng AfdbbXPBeiatcl. A cUr ed 100mRRS 1O SQBBIbBIRYhERmer eact i on

pr oduct mposition of any of Clains 1-12. 14.  An article

conpr i sidigrimkthysdyppsoxiden of Cirgnethylgilylphenyliriphenylsilyl peroxide,
2,3-dimethyl-2,3-diphenylbutane, ~ 2,3-trimethylsilyloxy-2,3-diphenylbutane, and

mixtures comprising at least one of the foregoing curing catalysts.

10. The composition of any of Claims 1-9, further comprising a fibrous

filler.

11. The composition of any of Claims 1-10, further comprising a

particulate filler.

12. The composition of any of Claims 1-11, further comprising an additive
selected from the group consisting of flame retardants, mold release agents and

mixtures comprising at least one of the foregoing additives.

13. A cured composition, comprising the reaction product of the

composition of any of Claims 1-12.

14.  An article comprising the composition of Claim 13.
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81 WD 03/087223 "". PCT/US03/10523 15. A curable conposition, conprising:
a functionalized poly(arylene ether); an aklenyl aromatic nononer; an
acryl oyl wormonen23 a pol ybutene; and a fill er,;~wherein thecpalsgbutsene has a
nunber average nol ecul ar wei ght of greater than or equal to.about 300
atom c mass units and the conposition has a sol-gel transition tenperature
great er thanlabout @oable ggmposition, comprising:

a functionalized poly(arylene ether);
an aklenyl aromatic monomer;

an acryloyl monomer;

a polybutene; and

a filler,

wherein the polybutene has a number average molecular weight of greater than
or equal to about 300 atomic mass units and the composition has a sol-gel transition

temperature greater than about 60°C.
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