WD 03/ 020781 7 MAR 2006 PCT/ U S02/ 16261 COPOLYMERS OF FUNCTI ONALI ZED.
POLYPHENYLENE ETHER RESINS AND BLENDS THERECF. BACKGROUND OF T d\l\/El\ﬂ'I ON
FI ELD OF THE | NVENTI ON [0001] The invention generally rel ?f#u“? 6261
pol yphenyWer8/02@78&r resins and nore specifically, relate gUtthe *2 ,

~ manufacture of copolyners of functionalized pol yphenyl ene ether resins
havi ng properties controlled

by crosslinking and bl ends one

enbodi nenconomvmmmbﬁU}éC&%’QEAMZEEaB@L%ﬁ%\ﬁ%NE %ﬁ%eﬁ‘%mg
pol yphenyl ene et ontaining functional groups and a polyner such

“as styrend %Wﬁ%@ FH@% bl ends t hereof. BRI EF DESCRI PTI ON OF THE
- RELATED ART [0002] Pol yphenyl ene ether (PPE) resins . (also known wthin
the art as "Pol yphenyl ene Oxide") are an extrenely useful class of high
'perfOfﬁHnth1@?ﬁtﬂﬁ@bkﬂ@THMﬂhﬂﬂﬂhﬁﬁbNCS by reason of their hydrolytic
stahility, di mensi.onal stability, toughness,. heat .resistance and

-dielectric propert| es. PPE resins are commercially attractive materi al S
because ofIELRIOF "l]HEdNé/EN)mhhatl on of physical, chemical, and electrical

. properties. This un| que conbi nation of properties renders PPE resin based

jfornulatlons uit e for a e of ( |
known i n {49! i @Vgﬂﬂ%lggn‘?rgﬁi)( ﬁ?‘é@ 3P 02351%8’93% ggrclt;égﬁ&ha?]?ﬁmg?e used
for high ﬁ;[;]\%?ﬁcaﬂgpllelacf&ttb%maH_MCtﬁw@f @mﬁrfmuﬁﬁmnﬂﬁzddnﬁﬂwhbmleﬁae art
are. typlc onprised of PPE polymers of a 'fairly high nmplecular =~ -

wei ght . TB&;‘EEHEHE }miqgnmopemgenemmllﬁﬁ tacresslimkimgcansisblgsds e‘”re@%eh’t OBfhnomer
units, nobst -.often jn, excess nore.r n 003]
There ‘i s, ﬁﬁ'@ﬁdﬁnﬁ‘érté%inveﬂt‘?%@?aé?sc 1o rﬁacﬁ\DB\Hrﬁ‘?‘ S&Eﬁ?"evhe S %MQ frsa éif‘}}%‘ow.t
other .resi ens ) ?H&Qmuﬁf fifchb groﬁﬁsshma @?ﬁnéﬁé&h'a%' stfibnd atgleitilehasd been.

Styrene- oni'triie copolymer (" SAN") Tesins. Styrene Acryl onitri I e
c0pol ymer br@as traife :

BRIEF DESCRIPTION OF THE RELATED ART

. [0002] Polyphenylene ethcr (PPE) resins . (a]so known w1thm the art as

i “Po]yphenylene Oxide™) are -an extremely usefu] class of ln,gh performance
| eng,meermg thermoplastlcs by reason of their hydrolytlc stablllty, high d|mensxonal '

- -stability, toughness “heat rcslstance and drelectnc propemes PPE resins are
: ‘:commercrally attractive materlals because of their umque combmatlon of physrcal
v' chemlcal, and _electncal properties. T]ns umque combination of propertres renders
PPE resin‘based' forrnulations suirable for a broad range of appllcatlons that are well |

' _'known in the art. One example is injection molded products which are ‘used for high

heat apphcatnons The more common PPE resins known in the art are_typically
comprised of PPE polymers of a fairly Ingh molecular weight. These PPE polymers
genera]ly have in excess of 50 repeat monomer units, most often in excess of 80 or

) more repeat monomer units.

[0003] There is much interest in the art in provrdmg blends of PPE resins with
other resins such ‘as styrenic resms One matenal ‘of interest has been Styrene-
Acrylomtnle copolymer (‘SAN”) resins. Styrene -Acrylonitrile copolymer resins are

transparent resins used in a variety of products mc]udmg housewares, packagmg,

.




transparent resins used in a variety of products including housewares,

. packagi-ng, WO 03/020781 7 MAR 2006 PCT/ US02/ 16261 appliances, industrial
batteries, and autonotive and nedical applications. In thes ets, SAN
resins an®d mdnhecause of their lowunit cost, clari ty,- E;%%tg t ance,
good processability and resistance to chem cals. [0004]

obstacle to, the devel opnent of sone PPE resi n/styrenic resr n bl ends has
been .t he I?ck of .conpatibility between PPE resin and certain styrenic
resins. AARENgesc idYsiriah hakeries Iaint’ya“i‘@“@ﬁﬂtﬁe And ureedicab applivationss din Bhéset y and

- mani f est elf, oor, physj cal erties, as well as
de- 1 am nlzl? rllktgﬁs :S o Nrrgk%shgsda r%)g'rs ?ngec[aag%éi H’elr o‘il 1509% ‘g g heabpesisinEgr at ed
mat er i al gadld froessslity aﬁbdes&%\hcé%blﬁbrﬂ%éﬂ@ been met with difficulties. -

Met hods for |rrprOV|ngthe mscrbrlrty of PPE polynmers wth certain

~ styreni cggp@yl resins, such as' SAN resins, are desired. BRI EF SUMVARY. OF
THE | NvH [Mﬁ]echncdneb%mcm th¢ dehelopmenenof some PPEORRINYsRENiR sci bl e

o A b R e o
conbi natrbﬁﬁ§ mttrsatdﬁs%rﬁmtbﬁﬁwé g@érttttté ® e%q&thﬁscltﬁrﬁ’t @%’ﬁﬁéﬁ?@t ni ng

ot her chem cal. species,

deri ved Cffteomn@lIEPEerwqmonphysmaﬂ pupegreE’BEmulayﬂellarﬁhﬁht%m maMed Pardd. | east one
end cap’ containing a pair of .unsaturated aliphatic carbon-atons,. i.e. a

.car bon- ﬁg&%ﬁ E?fb e bond. [0007] The. term "m scible" as used her ei n,
“refers P JO Sfeafsuen HEFSTaAH dnaterialiofPRE, resimande S pNarssindieen el t

bl ended peawidialith dlfficulied.Ng £ glass
transition terrpe]r at urletl f éOO(E) Oepgﬁﬁe"ﬁﬂ Yﬁgr"‘gﬁgéc‘t"‘?t ﬂFfPF‘er?bﬁﬁ? _
provi desvith wapDSyltenmrpodyzmprmsnmguclaas SANQkYABare &sirkdli S 1 nvention, and a.
styrenic resin, such as pol ystyrene (PS), styrene . copolyners (such as SAN)

and cowﬂggmeg&eQETﬁgﬁggkNHnoa further aspect, a net '-h'od fior rrakl ng a |

copoty

. [0006] In one aspect of the invention, a copolymer miscible wrth styrcmc resins is -
_ drsclosed whrch comprrses PPE segments and segments of one or more styrene umts .
: 'acrylomtnle units and combmanons of styrene and ‘acrylonitrile units, optronally
; contammg other chcmrcal specres e.g., rubbery specres The PPE segments are
~ derived from a PPE resin compnsmg PPE polymer chains havmg at least one end cap
contammg a palr of unsaturated ahphatrc carbon atoms, i.e. a carbon-carbon double

bond

-[0007) The term “miscible” as used herein, refers to tbe ability of two polymers to
form a single phase when melt b]ended together Th]S single phase can be 1dent1ﬁed

bya smgle glass transmon temperature

.[0008] . In another aspect’ this invention provides a :composition comprising a
copolymer ‘of this mventron and a styremc rcsm such as polystyrene (PS) styrene

. copolymcrs (such as SAN) and ‘combinations thereof

[0009] : ln a further aspect, a method for making a copolymer composition- is
disclosed.‘» The method comprises introducing a PPE resin into a reaction medium

comprising at least styrenic- monomers. and acrylonitrile monomers, wherein the
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di scl osed. The nethod conprises introducing a PPE resin into a reaction
medi um conprising at |east styrenic nononers and acrylonitrile nononers,
wherein the -2 WD 03/020781 7 MAR 2006 PCT/ US02/ 16261 anount] YAR BBE resin
is 5 to 2vowofsit he total conbined weight of the PPE resPAT/USHE261
styreni c nononers and the acrylonitrile nmonomers and any additi onal
optional co- polynerizable nonomers. The PPE resin conprises at |east one
© PPE pol ymgh, oG RedPPEIRYINNG 5ab 2b8ass opihe i@aicconainddhadigiitas e RIdE resoi the |
unsaturated aliphatic carbon atons, i.e. at |east one carbon-carbon double
bond. The sBRBi¢ exinomest i Hiccaarpnoreslesmaneimersang |aghiadditioaalnepiinmal €91 oaded
i n the reaction nedium are suyps ently pol ynerized intg-a PPE cC | ymer.
The react P@W‘Wé’&?ﬁﬁ]'ﬁ%?”lfés'al]lgfuﬁ)%%r'@él&ﬁoﬁﬂ)r Sd?td%SoPn%bg}:‘é)éﬁ 'P%rnc%ﬁg]di um
“that contgj ) lebh @ Wi ' oend ®dfphstid ¢L6od 6msiaet i ve
‘ comonentvg%\ﬁﬁéggg%g%g e*ﬁ%\éé’?gsé?’%&g Ilzyed ?tgg{t)erovi de PPE sr{egrrents conpri ses
PPE' pol yngit oabatanson-ddese dBREepboydrer Tieh APES reaimg styrowms mohgmenssand

conprising a plurality of phenylene ether units of the formula (1); (1)
Each st r ueenykanitrilghmonamgrspeadadeingthpgeastiop medag Afe, S“Qﬁ‘iﬂ“?ﬂt%ég@%"@g? ctur al

unit, each LS 1 ndependent|y. a:ha Loarny or. Yo lgwer  al kyl
(i..e., al Wg%Bh?aclolx?f)ﬁ/gmﬂ'peﬂ{eo%éa%'@alrj %gﬁ'%atc g{r%??% ?%ﬁ}gﬁiﬁ%?gﬁm%ﬁyﬁyﬁ _ Y
am noal kyleacliyAlrAsALRORAX Yoon@iins RabMBY tigariambodoxyspedds beastulsifieo tioar bon
atons separate the hal ogen and oxygen atons; and each 2 is independently
a hydr ogemeachat ogaponeptsi mary or secondary |ower. alkyl, phenyl,. hal oal kyl,
hydr ocarbonoxy. or hal ohydrocar bonoxy as defined for Q. ‘Mst often, each:

sepeci al 1 0RHTarkghE P Bt Bafiues RESGERE RE R R CORBRSIRER T ) 11

the preserhaingVerdst OPPE ipdBnwechaits @t eknddtn bolfine@dedmoprising a plurality of

'_ phchylene ether units of the formula (1):

QZ _..--Ql"

o @ o
‘Each st_ructurél unit may -bé_ the same or different, and in each stru;tural_ unit,.each Q'}

| "is independently a halogen, primary or Sécondary lower alkyl (i.e., élk_yl_'contaihing up

| to. 7 .ca'rb'on' éioms), phenyl, - ha]joa]kyl,. aminoalkyl, hydrocarbonoxy, or

_ halohydfocarbo@xy,; at least .two carbon atoms _sepaféte the halogen and oxygen
étéms; and each Q” is indépendénily a hydrogen, halogen, primary or secondary lower.

. a]ky],'phehy’l, hal_oalkyl,v llydrocétbonoxy or halohydrocarbonoxy as deﬁn_ed for Q'.
Most often, each Q'_is alkyl, especially C;4 'alkyl, and each Q7 is hydrogen or alkyl,
especially Ci.q alkyl. ' ‘ '

[0011]  Specific polyphenylene ether polymers useful in the present invention

iﬁcl_ude but are not limited to
: poly(2,6¢di111eihyl—] ,4-phenylenecther );

3.




pol y(2, 6-di met hyl - 1, 4- phenyl eneether ); -3 WD 03/020781 7 MAR 2006
- PCT/ US02/ 16261 poly (2,6-dimethyl - co.- 2,3,6-trinethyl
“ether); poly(2,3,6-tinmethyl-1,4-.phenyl ene et

pol y( 2, 6-Vd0 8v/epprsil, 4- phenyl ene et her);

,.4- phenyl ene
pol y( 2- et hyl

ether); poly(2,6- dlpropyl

- 6- propyl =1, 4- phenyl ene ether)

4- phenyl ene et her

Ty e eve

' poly(2 met hyl - 6- thﬂMhsu

/1162(1

| y(2, 6=di | : e 'y(2; 6-di phenyl - 1, 4- phenyl ene
ther) . pol y P98 G 872 5 Hvte@wb?ﬁmyt%nylenqaéfyﬁgye diethoxy: 1

. 4- phenyl ene

ether); poly(2-methoxy-6-ethoxy-

: po| y(2-ethyl -85 E&Bytl‘ﬂ%ﬂl her)
pol y( 2, 6- dlch?o?g 1,4 lphe2§]§ﬁ§h§p%%§?ﬁm§}

. pol y(2-net hyl

, 4- phenyl ene’

henyl - 1, 4- phenyl ene et her);
P@lt}’E?e

pol y(2, 6-di brono-1, 4- phenyl ene et her);

pol y( 3- br ono-
Sui t gbl e PPE

ol S T ) r'gaﬁ%%ﬁmﬁ”

|, 4-phenyl ene et

pol y(2- ethoxy t

ﬁﬂleth)ﬂdl Yphempitimraher); , 4- phenyl ene ether);

or nlxtures ther
copol yners of ‘the

her) ;

eof [0012]
structural °

units of formuta 1. The preferred hormopol yners are those cont ai ning 2, 6-

@M?@Miﬁgﬁvéﬁ 3/8@%%%1 5@*& abl e - copolynere |nelude.ranQOntand

di net hyl - 1, 4-
bIocked 4 7

MAR 200
poly(2-ethyl 6-propyl 1 4 phenylene ether)

poly(2?6adllaury1-] ,4-phenyler_1e ether);

- pely(2,6-djphenyl-1),4—phenylene ether);

: poly(2,6-dimethoxy-1 4 phenylene ether);

' ' '_ poly(2 6- dlethoxy-l 4 phenylene ether)

US02/ 16261

poly(2- methoxy-6 ethoxy—l 4- pheny]ene ether); -

po]y(2 ethy] 6- stcaryloxy-l 4- phenylene ether) .

poly(2 6-dichloro- 1 4-phcnylene ether)
‘poly(2- mcthy] 6-pheny] 1 4-phenylene ether),

poly(2 ethoxy—l 4—phenylene ether)

- poly(2-chloro-1 ,4-phenylene ether);

(ooiz]

structural units of formula 1.

pely(z',6-dib_romo-1 ,4-phenylene ether);

po]y(3-br‘omd-2,6-dimethyl—] ,4-pheny]ene ether)'

or mixtures thereof

' Surtable PPE resms mclude ‘homopolymers and. copolymers of the

The prefcrred homopolymers are those containing 2,6-

dimethyl-1,4-phenylene ether units. Suitable copolymers include random and blocked

-4.



copol yners contai ning such units in conbination with, for exanple,
2,3,6-trimethyl= 1, 4-phenylene ether units to produce poly té 6- di net hyl -
.co - 2,3,6-trinmethyl-1,4- phenylene ether) resins. Also incl BR208F ¢ PPE
resins containing noieties prepared by grafting vinyl nononers or (polyrre
such as polo/stipBies and el astoners, as wel | as coupl ed PPEVIES MY n

whi ch coupling agents such as | ow rrol ecul ar wei ght pol ycar bonat es,

- qui nones, heterocycles and formals undergo reaction in a known manner vvlth

the hydro (ﬁ%ﬁi:@%on%flmh u&PbM(sprh%MIﬁanthﬂr Yopetanie, Khaitrimethyl- produce
a

a hi gher ecu rowei g ol ymer, provided a substanti al &roport|4on of
“free hydr o;aylhegykeupsmeerrmnnsto Hro0us] PdllhéQiGe(ilmﬁﬂwbl-)ﬁQhe%’ﬁlfe byt r esin,

d "PPE " d th t d
ol udes. BhEIIE S sEgor yRariph e ech%llEC Sealrg‘%”rre? hifi oRep e

« pol yphenyl ene &1 h I &ye%te&e rdnG1dsfonsab sk iviellt ed,
pol ypheny & ga e{]hgpwg%%pﬁ] §Srs anﬁh%ﬁ er eof . ° (51014] The PPE resins

cont e”D' ahedolipled UBEE iresihbidn pwﬁleBrHouphunggemn srunln:Iasdlemalrrlolequﬂms‘eelghtesent | y '

- known,” irrespective of.variations in-structural units or.ancill arOXH
cheni.cal beupubeeatesrrmnnwrsebdrmdes gn@ fo‘“ft]ﬁé‘"BB‘lg?n@?%“ot"hH’t af‘8‘r “he PPE
resin and t e|n Vi Scosity <Q | A8 ¥% :
dependi ng " lhﬁ B’éirr?ky hrouphe |nt eﬂ g@ﬁ@r?ggﬁ:sgrh npo\{ e’ PPE resin. The

Lntrinsic Yd(ﬁlgé’%'htrgfhef kl%l@ﬂu'lhraﬁérgﬁt polPher) pﬂfvrdeﬂbesuBElEntﬁzﬂfyrdSpdrBoﬂ ghireal |y in
t he range of about™ 0..08-0.60 dl./g., as$ neasured in chloroformat 25C by

t he net hodlydrdeyk:gmb}memutShe procedure bel ow. Verify bath tenperature is at
25C0. 1C. Al IN. neasurenent should be done on PPE resin that has been

e ?gqngcuu S 1SHy f;g%ﬁ} REEh Bl el PR b aH-Phs fcliGiiRgE o ure

of 125C. i nute t o wel Usi'ng an

anal yt i cals,Qak AR anBlchfs il%e%nQZné)ﬁklés'@sﬁWntdﬁechcﬂ)phhﬂyh&é at’m:epolgmlerst are.
Weigh fil mpl n the bottle, target about 0.4000 grans. Record powder wei ght
* on.sanpl e shbnh@ts@@@lyphe@yl% Qggla(mers wherem the aromatic ring 1s su s’ututed

polyphenylene ether copolymers and blends thereof.

[00]4] The PPE resins contemplated for use in thc present mventlon include all :
-. «those presently known rrespecnve of vanatrons in structural units or ancrllary
chenncal features. The molecular weight of the polymers that form the PPE resin and
the mtrmsrc vrscosrty of the PPE resin can vary ‘widely, depending at least in part on
the intended end- use for the PPE resm The intrinsic v1sc031ty (heremafter “LV.”) of
the PPE resin is typxcally in the range of about 0.08-0.60 dl./g., as measured in

~ chloroform at 25°C by the methods described in the procedure below.
Verify.bath temperatu_re is at 25°Ci0.l°C;

ALV, measurcment should be done on PPE resin that has been dned ina ’
. vacuum oven for a penod of at least 1 hour: ata temperature of 125°C Let

powder cool about 5 minutes prior to werghmg,.

Using an arlalyt.ical balance, place a 2 oz bottle (with cap) on balance and
tare. Weigh film in the bottle, target about 0.4000 grams. Record powder

weight on sample long sheet.

|




WO 03/020781. PCT/US02/16261 Tare the weight of bottle (wth.cap) and
powder. Add 50nil of chloroform Record weight of the chloroformon the
sanpl e 1 og sheet. Place bottle on shaker, shake sanple untill MARt2006s

di ssol vedvoTienswrgr.a sanpl e, add about 24 il of. filtered s‘a(ﬁp ter
through 12 m autovial filters) into visconeter. Renove f i(ﬁul]lio('lrln i nlet

port of visconeter. Attach squeeze bulb to vacuum line on the visconeter.

Sl owl y draw sanpl i unt C ove '
upper rnsasurernsnt1edlréljfrllee Hr{rg\?léglﬁé s't(?uc ;%“ Vhd%anggaéll?ﬂgfﬁlglﬁ'é’?orf’l"om the_-
vi scometer. As 't RecsaWEight GRaBH Rk rHRPEhe & %ﬁauﬁa{@% | PiAE b&BYLR t1m ng
of the drop usi. ng a tinmer. When the sanple reaches | ower neasur enment

line, stop tin nghaRecheke wmple vititst sfdisalvetie on sanpl e | og sheet .
Calculate I'N., using conputer software known in the art. [ 0015] The 1. V. of |
useful PPE resin |r§msorret S nmeasured in

. chl orof orm at .25 hd %‘g}pleﬂgafiélggutt#fl(;ﬁlrl@?{%emd/sampf odHisy ”’Ifﬁ'éivlplﬁE"ll esins as
used herein are tamvs:aqil mer%bmbnegghxenw da}{tel \g;@ecm}l g, 9 n'hoﬁSt one

nonoval ent phenol - speci es, ‘prefera a portion 0 ave’
substitution in aiscomest. thEadhvvsquetzlﬂchﬂ)@Slbtv&[lﬁmanﬁle lb)ﬁdﬂfégei@c&hetéxal ogen in

the para positio i an oxygen containing gas and a conpl ex"
'netal -am ne cat gl‘?@ dﬁ%‘yél"@P]&b‘ll’yt@ \defsnmaten ynt alniSn’éOUt Gatcah glsave the t he -

041 617100 a0ent. \apdSSRALIPNL, RUATEIG Rl RL AP ISR o e

met al cat al yst as a netal -organi ¢ acid

sol ution. [0017] tHervigonetal ,Asttlhe sﬁiﬂbﬁﬁéh@’fes\(ﬁ! .glyer ﬁi‘ea&h&naﬁﬁmﬁaeaégiﬁ can be
controll ed by "cantrol I ing the reaction tine, the reaction tenperature and

. the amount of catigyRg ef ‘hq_ért‘?@e'#S“Fééac‘tlmén {Whes thei jampls ueichgs fheolomae a

hi gher ~average nyph ¢ units. and a higher intrinsic.
~viscosity. At sone ﬁlgerﬁ%ml@?,fsgoﬂ P'tgl ‘& nol ecul ar wei ght (often  neasured as

IN) is obt ai ned and the reaction term nated by conventl onal neans. For
: - Record drop-time of sample on samiple log sheet ‘

Calculate LV., using compute_r software known in the art.

[0015] The 1.V. of useful PPE resins is sometimes less than 0.32 dl/g as measured
in chlorofonn at 25°C, and can be less than 0. 20 di/g.

- [001 6}- The PPE resins as used hercin are fyplca]ly obtalned by oxidative coupling |
'of at least one monovalent phenol spec;es preferably at least a portion of which have"
substitution in ‘at least the two ortho posmons and hydrogen or halogen in the para
posmon usmg, an oxygen contammg gas and a complex ‘metal-amine catalyst,
preferably a copper (D-amine . cata]yst as the - oxxdlszb agent and, preferably
- extractmg at least a porllon of the metal catalyst as a metal-organic ac:d salt with an

aqueous contamlng SOlUllOn.

'[0017] - In g,eneral the molecular weif,ht of the PPE 'resins can be controlled b)l
'controllmg the reaction time, the reaction temperature and the amount of catalyst. |
Longer reactlon nmes will usually prov:de a higher average number of repeating units
_ and a higher intrinsic viscosity. At some point, a targeted molecular weight (often
measured as [.V.) is obtained and the reaction termina'ted by conventional means. For -

example, in the case of reaction systems which make use of a complex metal calalysts,
. _6_ )



3

exanple, in the case of reaction systens which nake use of a conplex netal
catalysts, -6 7 MAR 2006 WO 03/020781 PCT/ US02/ 16261 the pol yneri zation

~reaction.may be term nated by adding an acid, e.g., hydrochl dr AR 288 d

sul furic acid and the |ike or a base e.g., potassium hydro e i ke
or the pr M&%"%@‘. be separated fromthe catalyst by. fil t}g&ﬁ)gﬁﬂf’(,z P

precipitation or other suitable nmeans as taught by Hay in U S. Patent No.
. 3,306, 875. [0018] Wien conbi ni ng PPE resi nsb wi t.h ot her reS| b ]eLther
) e

bl endi ng, the pekyaieTigRiGTyTeagHOhBIAY RS PHRINREA DYrAddENE Bhasidi gy Hee
radi cal. reag s&? e hdid agd ‘f%ﬁ%ﬁl ora gfs%'er abpcﬁasfrsr%l #(ﬂgm EaRGRR eSor i | ow

V|sc03|tyzFor I'ng an gro unctlonallzatlon to

‘have a PPEys@ifeh tha h)%tsega'ﬂkﬁlehﬁ'ﬁﬁn tlh:aﬁtaﬁrﬁst b figtadtionppreciitatiot érsotin saivblage, and
preferably | ess than a

ut 35 repeat nmononmer units on average. [0019]
Recent - advacaness laugPREy Hey imUp: BG@QSN@%NGSWXJ have al | owed for .the

. devel opnent  of a | ow nol ecul ar wei ght PPE resin;, an exanpl e of V\/ni chis

known as 2, i ch | |de suited. . for prepari imer s of
e, e Op B Ve RonBalie et S S P RRRL | R SR S
has an int rbs@ﬁhl@r% &ﬁ%ﬁjﬂh&lﬁnog rdatihd, InQuddg &%e Wﬁﬁ@éﬂr@ﬂ:nbﬂs Ghis pigilpr m at
25C. [0020) Low ndl ecul ar wei ght PPE resins such as PPO 12 show-a

~ reasonabl ydekirgi¢ frofg tb«hasttandpqmast ef ld:\@ \hscghlthéat npam[goimfhﬁdedy@ﬂdgram much

| |t t Th :
o aspectmiee i RpbET A hor « BEE PO BRCR oty sh e
[0021] The, lﬁglc:m a@éﬂa S aﬁ%k‘ﬂ&%gh'tlgss R4 50*&?35’%9!&%%)5&11&%&@ b abdpy@ntion.

conprlse po ynmers C di ns "t hat ave at east one end cap contalnlng a palr

~of unsaturated aliphatic carbon atoms, i.e. a carbon-carbon double bond.

Thi's end dapl9]ncr Bases ddvencesaiot PBEtrysmferﬁss PﬁEﬂpiMyyh@re gliovees fap the

facilitate. copol ynmer tio th h
- UnSat ur at ASvEPPBRBL Pt Rt DN Hlp e O ERELBS G, §T SRRl 0 S 5 koK 0

acrylonit rp}i(?] JTONRIRT R Rfeald) YLRAE/BC @Yép‘ﬁﬂhé lthé eco‘p@%{e\{é“?ffstyhlsofnv%ﬁl‘i‘on
conbi nati.o of styrene nonhoners, rylonitrile nononers and
' PPO]2 comprises 2 6-d1methylpheny]ene ether units and has an mtrms:c viscosity. of '

0 12 dl/g + 0.02 as measured in chloroform at 25°C

' [0020] Low molecular weight PPE resins such as PPO12 show a reasonably high’
Tg thatpéq'.uate‘s_ to high heaf performanée yet have much lower melt viscosity as -
‘ cdmpared to-high molecular weight grades. These two aspects are very important for

performance/processability_balap‘ce'._. .

' '[0021] The PPE ftesins employed to form the copolymers of this invention
compnse polymers chams that have at ]east one end cap contammg, a pa:r of

| _unsaturated aliphatic. carbon atoms, i.e. a carbon-carbon doub]e bond. Thxs end cap
increases the reactnvnty of the PPE po]ymer so as to facilitate copo]ymcnzatlon with
other monomers or copolymers having unsaturated ahphatxc carbon atoms such as .
’styrene monomers and acrylonitrile monomers or styrene/acry]omtnle copolymers or

the combmanon - of  styrene monomers_, acrylonitrile  monomers and :
styfene/acrylomtnle _ copolym'ers, 'optionally cont‘a_ihing other polymérizable a

monomers.



styrene/acrylonitrile . copolyners, optionally containing other

poI ymer i
" capped”,

prefer ablvo\}r;

zabl e nononers. -7 7 MAR 2006 WO 03/020781 PCT/ US02/ 16261 [ 0022].. By. .

it is meant preferably at |east about 80% nore priefAR28§y at |
east about 900%," end caps wWith a pair of ‘unsaturated aliphatic carbon atons,

hoieties. PPE pol yner chains often have RERHB@HG21d
o groups ((al kyl)2N-) fornmed during the polynerization. These Manni ch end

groups can be converted to active hydroxy end groups by known techni ques to

i ncr ease [DBE2]nuniBarcappeiiditdaprameire feRbIPal MiR aboutB08s, mbk¢ pheftia
to el evated tenperatures such as, greater t han about .150C,

PPE - resi

BBtdtng the

pr ef er abll§asyrA S0 HHﬂStd’égﬁtabh}B@@%F aboujise of 0@2’33113 ﬁﬁgmenmaoadmvon t Ee
PPE | hyd f. t.he PP
pol yfrgr yvrga Ej hcggpsw t°a }e{IOfrjggs(?ﬁymt@gaﬁ%]ﬁqgsca???é’tEX rowrﬁ%g’%i?? Vi g‘dg?'edﬁi pair -

-of unsat PR pélydlet Rhaihk ©REAHA0N MHnAMS: enTihf;r%ubsS((ﬁﬁ(gg g ta%qrngLtgg‘ppggt he -

“PPE " pol

ynmers. to react wi-th a suitable capping

“agents ugelymerizatien. grheseeManhiohentligoouisocainriter cvereed tdl&tx&klhpﬂl@kyend

unsaturation

formul a

E§UPSFPY

(F)?ntk) the PPE.include an - unsaturated conpound of the general
'i‘%w’éne‘:&l"i%’ﬁ%u‘? JicrEse I‘h%““'@bera?%‘?ﬁﬁ fapsrpes iPREenol y®er, exanpl e,

- CH2- bute JTBY, O é@t‘ll ? tht ?PE &0 gfe%'t@ﬁ lexﬁg%at’uré} S V\E 8%/ zgrr%at%rhgaq %t}ou? about

10, or nore, ‘or ate
“an acryl |160?(é,spreifumbl)EgmbteofhaR%boRaSO%d)r R{},hafe
al kyl -(preferably C -C o alkyl), or aryl (preferably by C6-C O aryI)
X is a r?&szd;l]le o{_hone of the follow ng fornmul aeéll 1): WO 03/020781 j-

o .

nati vel Y,. Ir Zero

¢ end caps on the PPE polymer can be provided by reactmg the hydroxyl

" groups of the PPE polymer with a sultable reactive species that provndes at least one

pair of unsaturated allphatlc carbon atoms. This is carned out by allowmg the PPE

. - polymers. to react with a surtab]e cappmg agent Surtable capping agents used in the

present mventlon to introduce the allphatlc unsaturatxon onto the PPE mclude an

L unsaturated compound of the general formula (I)

equal zero whcrem the fonnula is an acrylic rcsrdue Each of R% R and R* are

//_Cf-(R )
_R3-/C\ . o)
4 o -

(H). . R’

R is an aliphatic, cyclic, or aromatic Tesidue, for example, -CH,- but may be multiple

-CH,- groups, €.g., n can vary from 1 to about 10 or more, or a]ternatively,_ n may.

independently hydrogen alkyl (preferably C,~Cw alky]) or aryl (preferably by C(,-Cm

v aryl) and X i rs a residue ofone of the followmg fomwlae (lII)

mula is.
i ndependent |y hydrogen

and

SG3Na

3



OEt C%-CH OCN- NH\. ORa 7 MAR 2006 PCT/ US02/ 16261 [0024]
-Alternatively, X may be a hal ogen or may be a residue of the formula (IV):
‘RR R7 is an aliphatic or aromatic residue,. for exanple, - CA2MARHO8S nmay be
mul ti pl e wodr0207s9ups, e.g., mcan vary from| to about 10POF/US@I62610r

-~ alternatively, mmay equal zero (if n and in both equal zero, the
~unsaturated conpound is an acrylic anhydri de). Each R8, R9, and R10 are

i ndependent|y hydrogen, alkyl, or aryl. ‘a preferred enbodiqent, . the
unsaturated conpeomdai s of the formui 2 1-9 B(A-1)2 -(R7) m ;.
A~-COV\003/020781 C(R 3, --C(V) : )-n N ,

;) o VAR
A CH;  CH, O\C/O-E"
. _’-/OEt /C—CH C
0=Q a ' CH. _CHs
 NH - \ ' - TC
/ 0 (‘)
7 / |
- . NS / - _BOHp. O .
N | Y | -
an -

-{0024] Altemat’ively, X may be a halogen or may be a residue of the fc')nnu_la (IV): .

8
Ry . —_
\ 7 " /O
LR )n’f‘ﬁ
9/Ci ' O
R-](-)

v
R’ is ah -aliphati'c or aromatic residue, for example -CHZ- but may be multiple -CHp-
groups e.g., m can vary from ] to about 10 or more, or altematlve]y, m may equal
zero ( if n and m both equal zero, the unsaturated compound is an acryhc anhydride).

Each R* R’, and R' are independently hydrogen, alkyl, or aryl. In a preferred

: " enﬁbodimeni, theuhsaturatcd compound is of the formula (V):

-9-




00 .R2

~are as previously described. I'n an especially preferred enbodi nent,

7 MAR 2006 PCT/ US02/ 16261 wherein each of n, R., R2, R3, and' R4

t he

unsat urated conpound is of the fornula (VI): H3CiO CH C CMIRQHB// 111
1.1 H2 (\@dob@%ﬁ%er included within the scope of the present invention are
“Munsymmetrical* anhydrides of formula (V). [08&8{USYHE26hpping
“agent typlcally has one.or. nore vinyl groups. The capping- - agent can be a

"m xed"

styrene,.
nononer,
nononer ,

mat eri al .

- (PPE-MAA) |

nmet hyl net hacry atc leth ¥-\et hagryl ap'e, or- other sui tabl e

a styrene bas_ed nononer, a substituted styrene an acrylic
acrylonitrile,glan acrylonitrile based noner, .an epoxy based

based -

The = capping a&e R Ty ef e(E—E(l&/)_‘a?ﬁI\ unsaturat ed anhydri de such
.as methapryl.ic aci qy>-akhydride. [§02 As st at ed <hgrein, -the PPE pol ymer
‘can be capped by the adgiti on of at least on 1un§eturated anhydri de such,
~as methacryli¢Vacid anhydri.de (MAA)j; preferab y in solution, to forma
capped PPE pol yner referred. to herein as PPE_nethacrylic acid anhydride

Met hacrylic pacid. .anh /dride is. hi ghly reactive in radical.

reacti ong’herﬁhdezl‘?@ UAtyR deR'vend lﬂreaypeemmlsbodgsmbai IThe dSpcidVyA can:
build:-in Vi ;¢ cop ners via the C doubl e bond whi ch,
emai %‘%{ n%hreég%tj | oerlR t%e%AHSdtlll'l@telglﬁe ‘WBP%&‘% %%%92‘?]‘ 2 tid: end capping

remal ns-

~reaction is typically done in.the presence of at |east one catalyst by.
;conventloH§¢ nethads or ?y t he nethods glven in the exanples whi ch -10

C—-ﬁ \c—c
. \
‘CHZ _ 8] O N CH2

| '(wjp |

However mcluded wnhm the scope of the present mvcntlon are mlxed” or -

unsymmetrlcal” anhydndes of formula (V)

[00-25] The .capping agent typically has one or more vinyl groups. The capping

- agent can be a styrene -a styrene. based monomer, a substrtuted styrenc an acrylrc

- based monomer acrylomtrlle an acrylomtnle based monomer, an epoxy based .

: cappmg agent is preferably an unsaturated anhydrxde such as' methacrylic acnd'

~ one unsaturated anhydride such as methacryhc acid anhydnde (MAA), preferably in |

monomer methyl methacrylatc ethyl methacrylate or other surtable matenal The |

anhydride.

[0026] As stated herein, the PPE polymer can be. capped by the addmon of at least

solution, to form a capped PPE polymer referred to herein as PPE- methacryhc acid

' anhydrlde (PPE-MAA). Methacrylic acid anhydride Is. hlghly reactive in radrcal.

‘reactrons ‘and is very reactlvc w1th styremc polymers The PPE- MAA can build into

styrenic copolymers via the methacrylate, double bond Wthh remains after reaction

" . with the PPE polymier.

[0027] The end capping reaction 1s typically done in the presence of at least one

- catalyst by conventional methods or by the methods given in the examples which

-10-

»

P



7 MAR 2006 WD 03/020781 PCT/ US02/ 16261 follow. The catalyst is preferably
‘an am ne-type catal yst' such as DMAP (N, N dinethyl am no pyrli MARnB§E. Aft er
the capping step, the PPE resin typically conprises PPE polynmer chains

havi ng onsv@e3/2eesiend caps per pol yner chain. As previousl PCTAIS8¥Z8ed, it

- is preferable for at |east about 80% preferably at |east about 90% nore
_preferably at |east about 95% or nore of the hydroxy groups within the PPE
pol ymer . GHaWwS fRe *e%aﬁeppsegreférablgnaﬁm L@h¢ Ya@Iyef Shidheds DNTADONTENE
substantl ally all of t hydroxyl noieties of the PPE have been capped

M xtures dimehgapiso pyridinalli Adter thextappengosten, dbe PPEeresindymied bt eoamtrisie,

endcaps (endeaps no.containing a residu car bon-

car bgn.doyhl e \P _
al so. be L?é’@dPOI[Y’(‘J’GQSTa‘N PRYOGRNROF tWPsei‘Png@pi BefdéO‘HBafnﬁ’%@/ %ﬁpm '?lﬁ ory on
.the nature f gePRior@ol ymer
and the ullEOLiEd Bak i i fof Al B 0 R e e e The
functi onalgrzefabBnatabast aeod?@s% pﬂhwﬂebf tl)akh@'éro}x!y@&mpis twithig thet PRE polynery |

.groups. on-the PPE polyner resulti na in a PPE. gol yner cont al%ﬁl na a}J b&phatl c .
unsat ur at ichaine denbeicspprg- t Hearf einseia Y(PWfPI)fed erbediprnigEubepntialy apiot ! R,

d R4’ 5| d
o erar |5 BB e o B PR IR0 Hhed R e SRR endilpd Bl
“the 1.V, qfixtfre PRt Qnd[W@Lctﬁ@dbﬁdc@ﬁrﬁ'(érﬂca;ﬁw|nb| wrﬁamlnz, a- residual

al i phatic.unsaturation can also.be introduced onto the PPE pol ynmer through
i ncor por atdationedartmmatunbiaigprdy ey slserhd/wed.coupl i ng agents into, the PPE
poI ymer backbone structure such that nore than one end of the PPE polyner

| t ai | f .
o agentS0as” k ARRR nalovishPRod He, B BY SR URnh S e, kforconP.
ex aﬁpgePP éB&IhB%%t Bﬁ’lli&ya{eﬁﬂé%l n@m.oanyétmlﬁh%drmwmland -thd uh&iuliratedyl ic

cappe :

’ compound of formula (ll) 1t rs presumed that the functlonahzatxon of the PPE

Pt

polymer takes p]ace through the hydroxyl groups on the PPE po]ymer resulting in a j

PPE polymer contammg ahphatxc unsaturatlon compnsmg the formula (VII)

(viny

Each of Q', Q n, R, R, R1 ‘and R*is as prevrous]y deﬁned and j j compr;ses a range
of values gcnerally -on average between about 10 and 110 dependmg in 1arge part on

the I.V. ofthe PPE resin.

. [0029] 4.Additionally,‘ multiple aliphati.c_un,saturation can also be introduced ofito
“the PPE po]yme’r through incorporation of branching agents and/or coupling agents

into, the PPE polymer backbone strueture such- that more than one end of the PPE

'polymer contains hydroxyi groups for capping. Such branching agents ‘and/or

tetramethylhydroquinone and trishydroxyphenol.

-11-



H3 DVA . Met hacrylic anhydride(MAA) Methacrylic acid [0031] Ester formation
occurs between a phenolic end group of the PPE polyner  and a, carboxylic
"~ group of .the nethacrylic acid anhydride. WO 03/020781. [003 Iy %d ow. 7 MAR
21106 PCWb'99/84058261 A reaction a between a PPE pol ymer and ca rll ‘agent '
(MAA) is depicted Poly:phenyl ene ether (PPE) [0032] The anfSuifSe 16¥F1e above
-mentioned end capping agents enployed is preferably that required to
provi de, ver age, ast on nd cap for each PPE polymer chain. The -
nol e ratl@6 %Pleﬁf”@l“% gieen 6%@&%&9?’ P sapripsecerEM ATy iy demicted an range.
from 0..5:Heldw 10 1. These reactions.are typically perfornmed at a
tenperature in therange of 0Cto 100C in the presence of a catalyst, .
‘€.g., N N dinmethylanm nopyridine catalyst (DVAP). The end capped PPE- MAA
.polymer typically has an intrinsic viscosity between about 0.08 dl/g and
- 0.60 dl/g, at 25C as neasured in chi oroof ormpand nore preferably between
. about 0.10 dl [ g—gnd ahaydt 0. 30 dhd g atll 25C #s neasured in chl oroform

[ 0033] ThewR CaR aikkni Ng endgedp nngast one pair of
unsat urated al i'pRat i c\r bon at ons ik capabl e ofj copolyrrerl zing with other
mononers, polyners. ot copol ymers hd¥l2ng a pair €86 unsaturated ali phatic
carbon " at ditly Plspicemeedtpiional free MeahebnB@bnnRRbRA] Zat i on techni ques,
“typically with an initiator, -such as those activated by the application of
‘heat, U.V. radiation or el ectron beam radi ation. An exarrpl e of a sui tabI e .

initiat'or is AIBIY, 2,2 Azo- bﬁs =127 IVAR 800?,,l

._.C —C==CHy + HO-— C—-C —CH2
Methacrylic Eappcd PPE. 3 Methacrylic acid

10!

'[0031] ~ Ester formatlon occurs between a phenollc end group of the PPE polymer

and a carboxyllc group of the methacryllc acid anhydride.

[0032] The amount of the above ‘mentioned end cappmg agents employed.ts
| preferably that required to provide, on avera;,e at least one end cap for each PPE
) 'polymer cham The mole ratio of capplnz, agent to hydroxyl group per PPE polymer -
- can range from 0 5:110 10:1. These rcactlons are typlcally performed at a temperature |
:m the range of 0°C to 100°C in the presence of a catalyst €8 N N-‘.
dxmethylammopyndme _catalyst (DMAP) ‘The end capped PPE- MAA polymer
typlcally has an intrinsic viscosity between about 0.08 dl/g and 0.60 dl/g, at 25°C as
measured in chloroform and more preferably between about 0.10 dl/g and about 0.30 - |

dl/g at 25°C s measured i in chlorofonn

B [0033] The PPE polymer. contammg an end cap havmg at least one palr of
.unsaturated allphanc carbon atoms is capable of copolymerlzm;, with other
‘monomers polymers or copolymers havmg a pair of unsaturated- aliphatic carbon

~ atoms by conventional free radical polymerization techmques typically with an
initiator, such as those activated by theappltcatton of heat, U.V. radiation or electron

beam radiation. A An -example of a suitable initiator is AIBN, 2,2’Azo-bis

-12-




WO 03/ 020781 PCT/ USO02/ 16261, isobutyronitrile. The initiators are typically
added at O Iw% or |less. The PPE polyners can al so react by, ﬁEﬁ% bnti onal
ionic polynmerization, atomtransfer and living free radical i

pol yneri zat | gﬂr} t %g]hni ques. . [0034] The PPE pol yners with. syeh R¢sh@aps are
copol yrreri“z% e onjunction wth a) styrene and acrylonitrile nononers or .
'b) styrene/acrylonitrile copolyners or ¢) a conbination of - _
. styrene/acrylonitrile copolyners, styrene npnomers and acryl onj t-r'lJ -

monomer s. isdbetyPeEtpe] yirbe itaions areaiypicells added @h@- s OEde%;r O\r}l}“éle‘J tE\io B

reaction sites for form crosslinks. : M . - ; chai ns
and PPE cpeiymeere 67 aaragt! "BF”‘WE‘°8h°d’°§%’§gsr%§?'§‘g’aﬁ@§?ﬁggf?'ﬁ‘ﬁa ll[D(‘) 5] The

segments Qf..SLyL8 sk a8i6h YechRiqhéd.| € units can be derived from. nononer
~m xtures comnprising styrene and acrylonitrile - nononers or '

“styrene/acrylonitrile copolyners or conbinations of styrene/acrylaonitrile
* copol ynmer g0yt h Sy rRAfepotymersewh andi end gensydrosPpolymerizshignganginction

Styrene/ Acrylonitrile  copol yners (SA%I%, | so known as ... .
* pol ystyr enwitlca) sixiepe apd 8y eairilegpenam Pb%rséﬂﬁ%%cm@%%l‘g?r%f) QvEF rssotrﬁ? ene(s)
mononers: and acr vl onid i L. LAY, R [003fhe Midnom®E and RFylenitrile
~ Styrene- Acar‘fﬂ"é;}ﬂll%{tﬁ Jéftsi)gérﬁeéérﬁ?yw%gl@ﬁo o s (’)g’@nul a (\rh 1) m (\}1 [1). wherein
n=0- 100 angomBrer50 ThE FPEJolyher cHajtsangy Baveythorintrdapetocppuidgtee $eaC8AN) -t hat
can be copolynerized wth PPE polynmers are pr ef-csepr %_gl%/ .Si nﬂ Pﬁaﬂdﬁ)\gﬂf -
copol yner ssitepfforsfoyméngecrapdinks r M)‘émfﬁsr of BopprarrsAd P praBhHA! ? SNt ar ni-ng

ot her nononers known in the art 0 merize with styrene . and S
acryl oni t r{ANEMNBHEVE S JIPE %"dgcgﬁf é%n%]%glpst%%' or nore end caps iis believed to
form crosslinked chai ns between SAN copol yners and the -13:7 MAR 2006 WO
03/ 020781 (g4 ]USO2hE62Ehients of styrene and acrylonitrile units can be denved from -

monomer  mixtures comprising  styrene and . acrylonitrile . - monomers  or
. stﬁene/acwlonitrilé édpolymefs or combinétions of _styrene/ac;'ylonitri-le copo}yméfs
| wit’ﬁ -styrene' monomérs and/or acrylbnitri]e'- monomers. Styi‘enc/Acryloxlitrile

‘g':opolymers (SAN), also known as pdly(styrei1eaco-aérylbnitrile), are simpl‘e random-
- copolymers of styrene(s) monomefs and acrylonitrile (AN) monomers.

- [0036] A formu.la for a Styrene-Acrylonitrile segment is shown as formula (VIIT):

B 4 '{C”z—HﬁCH;_Eii'

vy

wherein n=0-100 and m=0'—.5’0.

t0037] - The styfex1e/acrylbnitri]e copolymers _(SAN)-that can ‘be copolymerizéd
with PPE polymers are preferably simple random copolymers..of styrene and
acfylonitrile monomers, optionally containirig other monomers known in the art ;os
copolymerize with styrene and .acrylon'itrilé. PPE polymers containing two or more

end caps is believed to form croéslinked chains between SAN copolymers and the

-13-.




PPE. Wth only one end cap,

and

‘segnent s

mononers and styr ene/ acr ylonitrile copolynmers. The cappe

forrrs.part of the "spine" of the conb structure via the methacryllc doubl e -
g,zg h bet ween conb structures can be expected to increase
rnb" grapegtndppp, st YREr polymaw isngtegeatéibwithathb styreleutnide  bonds

~on the poly 0 h _chai n end 0 To provide

copol yneri z |]gﬁlb§|rl{5§sc(l)oﬁtﬁr9% ac?%lggﬁm?ki“%m‘% ‘?@‘ tté)‘3 ?ﬁgn@'weem%r t hat
can be rrefdnmmg)d&ss&dhf@rrthéutbmquw%o@d &noé
. (loading) which is available for reaction

anount of PEpmer eshaing n teride liOeamhlhDh theedncaafndns ¢]‘I‘e§tﬁéﬁé)| yhodkBRErsi Naridhe range ’
ght _of :the PPE resin and nononers;

the VT ‘S/ﬁffcﬁ‘)%'h%ﬁ%ﬂéﬁaﬂa 8 CéElP"‘ﬂ B PF’D’P@Y ﬁ‘i)“erfBrtsOf the “syamebeen

bonds.

with incr

-of5t029t

1. e.

unex peCt edf the @bﬁfb%‘t’r%}éﬁpe {d3he m%thak: %ld%u E%Vo%g " grﬂs% ({BJE’ ﬁ)gtvgeeﬁrcgr%%

resin,

dr asti cal $tyuchedscen berf)@eBEE—tMﬁAcx&aﬂ: S»?{IN In\éﬂ'aﬁﬂ);'dﬁrrﬁ)‘érs BP"PPEC &91|n3éf§erv' ze

copol yners which are m SCI

- toget her- t hl%ﬁ] PPE mer | oadi ngs, form ng Separate polyners in
behcapen f

reaction

ot her.

th t f.0
re:c[ ?32 ngﬂ%oggmogﬁ?dweecd&%rﬁ %P'{q rﬂﬁ?&fﬁ ﬁ‘?k'%doc%?wpiﬁggorﬁpé pol ymer

| oaded i rpolphb'meeahau @n basdiehrprbéessékﬂ%rtsmbﬂe@%rhym@ﬁdl

Thed

wei ght .of the rﬁﬁf}qt%ée conponents. Desplte t he ‘g%]oa di ngs, .the PPE

segnment s RC

of PPE awiff thppidcah Itie notag evefghoroflhé Prp rés?l@cand[xggﬁc%erg-hlee FRE-

copolymers of this invention offer the advantage of
styrenic TIPS §%H’ea%crléﬁNm]Pé§Qﬂmeig iftrhag bcempocsqp’ected\lyrcbsmwenedghathe -14 -

at levels above 20 wt.% loading of PPE rcsm copolymers which are mlscxb]e with
'styrenic polymers are drastrca]ly reduced The PPE-MAA and SAN typrcally do not
copolymerize togcther at hlgh PPE po]ymer ]oadmgs fomnng separate polymers in

the reactlon mix, which are isolated from, and settle separately from each other.

[0039] Typlcal]y, the amount of end capped- PPE resin introduced to the reactlon _

“medium is 5 to 15 wt %, based on the total weight of the reactive components More

preferably, the amount of end cappcd PPE polymer loaded in thc reaction medium is

10% to 15% by weight, based on the tota] weight of the reactive components. Despite |
the low ldadmgs the PPE segments can comprise up to 80% of the copolymer’by-

. weight after copolymerization, and often fall within the range of 50 to 80 wt% of the

copolymer. The Tg values of the copolymers increase with increasing levels of PPE

~ and typically range from 144°C to 170°C.

[0040] The PPE-SAN copolymers of this invention offer the. advantage of being

miscib_le with styrenic resins such as SAN, resulting in a composition retaining the

-14.

the PPE polynmer is integrated with the styrene
acrylonitrile units to forma conb type structure with the PPE pol yner
forming the "teeth" of ‘the conb. Wthout end caps;/ ¥ARellblydr oxyl

~groups onwbhe/RPg1 pol ymer chains tend. to inhibit the re?@g@ﬁnﬂfzﬁtyr ene

PEhe MR PR o BERIES Ve

t he

%‘th'fa‘é"évjsfqndh‘? palymes ehaihg ege parbatlethpif el each
[0039] Typically, the amount of end capped PPE resin introduced to
of the

tthe BARGA: 8 PPEe total
Yipichds ausHadte ferereasiiern yfm@rthb)ﬁAM/as ghobtralldderThe . -

. copol Wt % of th
copol ﬁi“"‘*‘%“-ﬁég ErOaRaN! 88 ehdondhllbidl SREPied wibniee PEadp b evel s

bei’ng m'sclb evmth

Lt



WO 03/020781 7 MAR 2006 PCT/ US02/ 16261 positive qualities of PPE
-particularly fire retardency and a relatively high Tg. By rel ativel y high
Tg is neant a Tg in excess of the Tg of SAN. [0041] At thi sthﬂﬂQﬁre; t he
~copol yner ﬁv\;ﬂf» (}zméﬁ i nvention can be blended with styreni cpcesisnsionétt h t he
. use of co enstl_l onal bl endi ng means such as an extruder or a .Banbury mi xer
~ The copolyners of this invention and the styrenic resin forma conpati bl e.'

copol.ynmer blend, which is another embodinent of this invention. Furfh
015 beiposirna qaitcobBE: mdnareiort iy R RS vt
.copol ymer ‘and the renic resi.n_at_ their qinjreniace, further joini he
copol yner fsﬁﬂ\’@%’}’}%‘nﬁ%’sf‘é%ﬂ“h?ﬁé@gé%esé Ie{th%gt’brbltf6<5,gr/15‘cll\@are t ypi cal 'Ily :‘olr Rgd'tfgr
further nelt processi ng. The blend can further have other conponents such
,as. fiber b@&ﬂf or AR NBRL juAPHFOth@ cbpSl§mersadti tid invientidn asrobeiiewicgovidh ed
therein.. The "free radi‘cal initiator will provide for the ol ymeri zation
of any unrgpetiedesinnyithghoupsobeonvietigubblenfingReanpsrginisaibeXigiier e

.styre_ni_c resin [0042] e styrenic resin that i 1, SCl - W :
cross-| i nk%@bé@pa}’%r}nﬁrcé?@{y&}?@ Ogdﬁr‘ﬁr'ingee"s'qgio%‘g{q hé%ttglj eglgv\}v\e/tg m%dg]? the
total Comcﬁ,é.}ahgf&-mﬁ[?@%} $1dnf. Wheh if ANFker@mbalmicat vf Higineemiont iFudher | y
sui t abl e. ne styrenic resin is typically .polystyrene (PS), expandable
© pol ystyr engig ERRVed somy Iceasistinkihg attinigdiney ecanr peayrsn HaB , capolimen @n -
acrylonitrile (SAN), styrene butadiene rubber (SBP? st yrene: nr ke(as' C
?R%%\I‘) de ‘b?mﬁ‘“’w’y the1r igjeripre, RSP it @‘esctoi?i’é( ’§§?€ yé%'}rr?ru ?“e'_

- polye et v " . | R 7 _ .
(D) PR P Bl RE R VPP B ERRr pURpREn i T e hokixanyr ene.
conpat i bi | fififes Mevdi@hek anglontme duohdsl Amadiforrementpndived iy srde!
properties such as increased tensile and ir”pa]ct properties and &
st S;JI I |.|zed1nm@hml®ggpr@i.é@m&@ﬁlm'heT@Feﬁﬁe ciaf ”?rrnéWBatF?Ea’ggL' Rfﬂ&@? strahlec_._
B PR A B BB b AR B el igmbruiest fran car

roper

styrenic resin

iOQ42] The styrenic resin that is miscible with the cross-linked copolymer -
.v preferably comprises abéut 5 to 95 wt % of the total compositidn; Amounté in the
o - range of 50-75 wit%. .aré particularly 'suitable.‘ The styrenic resin is typically
polystyrene (ISS),‘-_exp'axldable polystyrene (EPS), acry]onitrile-bﬁtédienefsty_rene '
(ABS), siyfene acryl.onitfilé‘ (SAN)_, s.tyr.ene butadieng rubbers (SBR), s’ty’rene_—malefc
gnhydride (SMA) copoiymérs, _'a-'l»k).ll‘ methac_rylaté styrene acrylohitﬁi_e (AMSAN);
polychlorostyrene, polyvinyl:to._luene',‘ rubber-modified polystyrene '(HIPS),' and
-combinations thereof. .~
[0043] ]ndications of improved' corhpatibilit'j include resistancé to delamination, ‘
. indpfov‘ed physi.cal pr_opeArticssuch_ as increased. ;erl'éil.e and impact properties'and a
o stabilized morphology bétween the blend 'co‘mpdhenf phases under static. and/or .low |

shear conditions.

-[0044] . The composition of this invention can exhibit flame retardant properties
without the use of halogen and preferably, is s,ufﬁéi‘ently flame retardant so as to char

in the presence of air at teniperatures above the glass transition temperature of the:
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~without the use of halogen and preferably, is sufficiently flame retardant
. s0 as tochar in the presence of air at tenperatures above the 8| ass
transition tenperature of the -15 7 MAR 2006 WO 03/020781 PCIMb&alhico61

conposi t vomp3/endsthas a V-0 flanmability rating; as deternijped by
conventional methods. '[0045] The conposi tions of styreni c resi nts and -
-copol ymer(s) of this invention are sufficiently conpatible so that the
bl end has_a se; which can be nmanifested.by a single glass.
transiti or?]tpé’ﬁ’f)'gflaflﬁﬁj 1as 7 oV -Q| HawmapHitkireiing: asedgfermaiiod by ednvemieonsl end is . -
typi cal-l yhhgbgeen. the glass transition tenperature of the styrenic resin
and that of the PPE copolyner, and is typically about 100C to about 175C.
"Further, ‘the blend typically has a heat distortion tenperature greater

~than 125@015()046]th' lkemposivioss of QRredic fedld (DI MISVpol yMFRY bPthis ARG ai N
addi tional. %rrponents ot her than the styrenic resin. and copol yner. The

- addi ti ondf€ S Wﬂf‘d‘h‘é‘n‘f%“l@é‘h'ecéﬁﬁhmséheahbﬂﬁehaSthe&nmgipl mbd, cwhieican Bor
| d th th 0047

oo ypnengTaifieh@l kY P CERL Rap R et Eipgesrensdion t9avamET e,

pol.yam des tiasblesld fclypiegitl b&twkeptheFAh&NtanMeRn ﬁélléﬁ%tuﬁggf ﬁtg%?gﬂ'ﬁggefgﬁgo

- .polyaryyene sulfides as disclosed in U'S.

_poI ypht handthat e§thePPH snpobseat, ard is tyfical Ratbent 1085C, to2b8d6,7376, Fo@heret her
“am des ag\oLH rlglosed in U S Patent No. 5,231,146 and pol yesters as

di scl oself’§ typicply Bafa hggt distopiqn M@Cfﬁ[tm@zlﬁf}ateﬂtdmrtlm?él conponent (s). t hat
may be added to the blend of thernoplastic resin nmay -be an . inpact o

o e LO0STe TRL ARSkiopD A 8Ly SARHOA, b conivct i ve.

fikler (e g.” con uctlv car bory b ack

~stainles somptresats dthérethsn theedigrenitlradigand %;%@&mEPV\@Iﬁé §dcﬁt?6batl Q@mlgbﬁ%‘?&s
reinforcing agent, (e.g. of glass fibe stabi l'i zer i dat i ve,

t hermal attacqufsa\ﬁneﬂ@f “?FHBPllaﬁtCeK’@)ﬂ Emteixamats, @@@ﬁnw,m;, rasins incayrite,
col or antb]egg;ampge%nt drip retardant, flow nodifier, blow ng agent or
ot her pr ocessing ard. . , i _ o

'_ »[0047] polyphenylerié étber hombpolymers Witbout end-caps ac described. above,
polyamldes as disclosed in U.S. Patent Nos. 5 981 656 and 5,859,130, polydrylene
sulfdes as dlsclosed in U. S Patent No. 5 290 881, polyphthalamldes as disclosed in
U.S. Patent No. 5 9]6 970 polyether am:dcs as disclosed in U S. Patent No.
-5, 231 ,146 and polyestcrs as dleclosed m U S. Patent No.'5 ,237,005.

"[0048] Addmonal component(s) that may be added tc the blerid bf thbrmopl‘éstic

resin may be -an. 1mpact modifier, flame. retardant plasticizer, antioxidant, filler,

' conduct:ve filler (e.g. conductive carbon black carbon fi bers and nanof' bers, stainless

steel fi bers metal ﬂakes metal powders and the hke) remforcmg agent (e.g. of glass'
i ibers), stabilizer (e. g oxidative, thermal and ultraviolet stabilizers), antlstanc dgent
. lubricant, colorant dye pigment, dl‘lp ret'\rdant ﬂow modnt’ er, blowing agent or other

processing aid.

10049] A suitable impact modifying material for polyphylene ether resins includes
* natural rubbers, synthetlc rubbers and thermoplastlc clastomers These additives are
“typically derived from monomers such as olefins and may be homopolymers as well

as copolymers-mcludmg random, block, graft and core shell copolyme'rs.
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B is typical

[0049] A suitable inmpact nodifying material for polyphylene ether resins
i ncludes natural rubbers, synthetic rubbers and thernopl ast M‘ﬁ mpgast*omers.
These additives-are typically derived from nononers - such.as ol efi ns and.
may be hogwpoiygers as well as copol yners incl udi ng ran®6UIP4ER! graft
and core shell copolyners. -16 7 MAR 2006 WO 03/0207$1 PCT/.US02/ 16261 . :
" [0050] ‘Pol yol efins which can be bl ended with pol yphenyl ene ether resins by -

the methods of this j ti f / ure Chyvhie , d

ot ute 198PGlet nfebien e 2 F idiach ARuERIGHRYyBhe UL TS0y e 0C

‘hormopol 'yﬁg{hgd?ﬁ ek iHQ%Mﬁ}nha\fé Bhthe gehéragﬁn(dmree:a,ﬂznl-amw ingodd polygintlget hyl ene) ,
gh-

~HDPE ( hi ensity polyethylene), MDPE (nedium density pol y.e'%ggl ene) and
i sot at i cpgIgprppyleny hrehpolyiSpetiene witheprpleersd dpmopelypisrseliding PRIXHE K t abl e

’.f.or use in the present_ inventiop are defjned.in U S . Pa R , 933, 480,
3, 093, 621L.DBEflincardow @P-S%P%%Fﬂﬁ’)%g‘ﬁ?fgﬁ"@! dep !‘éé’%&%&%ﬁl’ 8@%}) E o
.4,059,654,..4, 166 - al ) : ; . SehiadM exnmples iodl s for

. inpact rﬁﬁ‘?df"i"Ea eingﬁ)s’fbgg{%ﬂl iengg%fﬁég?tggpg’iéyﬁéggﬁ‘?émpg ‘%/mer.sxan% random -

~ copol yneg §volERR FEiRSsuifaBleufde upe lry thet prdiean éyveblivmdicedrdingd yn 8h® RGB! yner s,

" but adi ene-acryl ate copol yners, isoprene-isobut C | yper orine -
but adi enBopa|9PAEBE, 31998 £&3il eAL14IPYI é_;ﬁ‘*ﬁﬂﬁﬁé%ggﬁ%r gggﬁﬁ%o?@?%g%gr’ene. The

impact nmodifiers comprise of, 0 to .30 wt % of the total conposi tion.. ,
Copol yne?‘@g’é?‘ié‘t@%ﬁea%éf@l 4rmnool efins and non-conjugated di-enes, -such -

as. ethyl ene propyl ene diéne nodified rubbers (EPDM are used in snmaller-

amount s gosi | oM @ReiuitaBlelifaterlald 386 Mypase ingldifidacier ihobutletdoajugetedisienst t he
‘total  conhposition. Thi's anmobunt generally falls wt hllwrél ({.he 'F)ange of 0.25%"
to abouthdomylymessiaghransiom pepabngiss ExpeRlcs prrdvds PAYURGT PP " Usef ul

class of .inpact nodifier i th . ugat: ' C EE SofdManers,

AB. . (di - BIYEER)COPPIXBIETS, :“%?liy'vfli“ ra-cg‘ﬁ%g%k %gﬁﬁ’cigsﬁ%?ﬂ i @g@ggﬁ% ook

B e D ok comol ypors o The "
~ formul a {mor modiers nay sgmipriss PEO 39 39 sk ofthe afalropwositigly PRl E¥ Hnal

coupl i ngozfige%?}ler{e?r C;[-E?o bl ocks of 5{109 non-coﬁjugated dienes, such as ethylene

o p'ropyléne diene modified rubbers (EPDM) are used in smaller amounts of from about
0.1% to 10% by Weight" based on the weight of the total composition. ‘This.amount

' gcnérally falls within the range of 0.25% to about 7% by. weight of the _C_omposit_ion.

-[0652] A particularly ﬁséful- élass of -impact"mod'iﬁ'ers' With.’ conjugated dienes" :

cémprises- the AB :(di'-block'), (AB)m=R (dLbloc’k) and _ABA’ (tri-‘bl_qck) bl_oc'k

copo'lylyners." Blocks A and A’ are "ty'p'ica'lly él_keny] éromlatic' units and Block B is

'typi'cény‘ a conjugéted dienc unit: For block copolymers of the fofmﬁ!a (AB)m-R,
" integer m is é,t_ least 2 and R is a multifunctional coupling agent for the blocks of the

structure AB.

_-’[()-0_53] | Also useful are ’cdr,e/shell graft copolymers _of élk'enyl aromatic and
conjugated diene coiﬁpounds. Especially suitable are those comprising styrene blocks

| and  butadiene, is'.oprehe Aor. ethylene-butylene blocks. Suitable ‘conjugated diene

" blocks include the hbﬁm_p'oners and copolyh_ets described above which may be
panially.or entirely--hydrogeneated by k_nowh methods, whereup_oh they may be’

* represented as c_thylene—pr'opy]éhe blocks or the like and have properties similar to

-17-



structure AB. [0053] Also useful are core/shell graft copolynmers of alkenyl
aromatic and conjugated di ene conpounds. Especially sui table are those"
-conprising styrene blocks and butadiene, isoprene or et hyl erfemMApuigd ene

bl ocks. bt%)i? conj ugated di ene bl ocks include the hormopol yners. and

- copol yner's desc t'bed above which may be partially or entiPCdYyB02/16261

hydr ogeneat ed by known methods, whereupon they may be' represented as

et hyl ene- propyl ene bl ocks or the |ike and have properties simlar to -17 7.

MAR 2006 thie 087 @120 $1odRCIdPdBER3 6 2B bliodR: dked)] etfrérﬁatkquaklu@@@eerer s. The
~sui tabl-e al ken L aromatics include styrene, alpha-nethyl styreérne, .
Par-a- net ﬁﬁth ié'né‘YT‘?\V‘FnWTat'BPUe‘hétyrﬁffﬁenwm)!dytme,anmyi/myidne am{lphtrtyhl ene. -

The bl ochaﬂqnawﬁerhe%%tﬁt%otypgrgﬁ%gngj%%@?g‘wg O baun 1S 1§ S

. .aromatic units

' pol ystyr angnatieolips)t aEk Sfled A VFbYIRN EofoPR -

. pol ystyrene- pol ybut adi engﬂ_- (SI(];I ty%tcg/cﬁeﬁ%r( SEIS%)&yg{lsp%&ata{?edpOlyStymne

pol'yst yr epkk p@ﬁwlwpb’é'ﬁe@mol ;@Sr)r erieyc(r@eﬁ):teandpcﬂpdtyr(eaé-pbl@butadrene -

nmet hyl Stéf e) g g&) ha- rreth | sty rene? Exanpl es of =~

comerci BPP§YTH r&e COHEPYTRETRS ﬁf)@e“et e S@AF!‘¢LI®b’(alﬂhATO\I D(r)
and KRAT and. TUETEC .f r om Asahi

- Chemi cal Fﬂlgﬂ{ usst re 9@%&%%_@&%’%@8@%])@: gﬂ}'ﬁ%%%?l vesa\{]wll ﬂf ﬁﬁ?"ﬁéc ?IEX roduced

into theawlilhlisribfock eppblyners #8dhe SARIEDER®T RRIATAN D%gh Lk RIATRSN® event i on

include flame retardants known in-the art . including hal osubstituted -

di ar omat $&1es e Phel (emieal Gompany, and) TRIFEEE drom Meahi GhetbitalOB@ustnd

phosphor gys; gonpounds as ‘described in U S. Patent No. 5,461,096. O her -
exanpl-es, IF hal osubst.ituted aromatic- flame retardant additives i ncl ude
brom nat ed benzene, chlorinated. ~bi phenyl, brom nated pol ystyrene, .chlorine’

cont ai ni f0§54] omedther mht)'ve@w}bﬁﬂﬂia9$)e9ﬁtr&ﬁl€9d)Hﬁ@ﬁte%é'mfs'o?'ce 1L¥er pheny!
radi cal s separated by a divalent al kenyl group having at Teast two

" chl or i neStgentowtssir efihisect agpeshinvsatioptisglyde Mavieetstardants known unethe tarer eof..
The. -} eV‘hL]u(a ngj hﬁ%bsﬁ&%&jﬂ 1;romgnc compounds as described in ‘U. S. Patent No.

- 5,461,096 and. phosphorous compounds as descrrbed in U.S. Patent No. 5 ,461,096.
"~ Other examplcs of halosubstttuted aromatlc ﬂame ‘retardant addrtlves mclude
" brommated benzene, chlorinated blphenyl brommated polystyrene chlorme
contammg aromatic polycarbonates Or- compounds comprising two phenyl radlcals
g separatcd by a divalent alkenyl group havmg at least two chlorme or two bromme '
atoms per. phenyl nucleus, and mixtures thereof The leve] of ﬂame retardant can'
range from 0.5 to 30 wt% and preferably provides a V-0 ﬂammabrhty ratmg, as

| 'detelmmed by conventlonal methods such as the one descnbed below
Step I - set 'up the equi‘pment to Verify ﬂame,he'i'gh’t of 1.9cm. -

Ny Step 2 venfy the ﬂame will heat a 1.76 gm copper s]ugD from 100°C 700°C.
in 42 46 seconds a '

Step 3- posmon a spccrmen such that its Tow tip is halfway mto the ﬂame '
Remove the flame after 10 seconds. Record the time for the specnmen to self
extmg,ursh Reposition specimen in ﬂamc as above. Remove after 10 seconds
'ahd record the time for the specimen to self extinguish. 'Consult Underwriters
Laboratory U.L. 94 test protocol to classify material based on time record.
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range from0.5 to 30 wt % and preferably provides a V-O flammability rating

as determ ned by conventi onal

met hods such as the one descri bpfippgipw. Step

| - set up the equipment to verify flanme height of 1. 9-cm Step 2 - verify
t he . fl amwews/tb2ohent a. 1. 76 gm copper slug from 1OOC - 700@CHBR02262466

seconds.

.Step 3- position a specinmen such that its '"low tip" is halfway

~ into the flame. Renove the flame after 10 seconds. Record the time for the -

Pror 10 d008fe KEHHORIL A R b oy TRRE ERDul Dk AP 080 pREAEY

Consul t U

Rei nf or ci

Rem)ve .
ui sh.

1¥hdd 6% San h@BEREABLP OOl to %% @5t whizht 0€ahe tioaL kaspodiyormat er i al
based on tine record. -18 7 MAR 2006 WO 03/ 020781 PCT/ US02/ 16261 [ 0055]

Myefegedt anewuh ras;egframs3 fto B8Vs weaghtbeOthse quitably saiefopsing &

el y

gl Sﬁgd'ﬁﬁ@ﬁﬁ?@?ﬁ%ﬁg ey Lol e rieCh el ibS A BepLTRRRL O™
fi bersclogﬁlégp 3t eﬁgnSLlflzﬁqbé flon- ﬁ@&?ﬁgﬁoéganﬁm 111%‘@6'?1[\1%§§:1a? EI%LS Eéa@?rs Qnd

~met al

gra Ite ers. non- er ous 1 norg

c fillers

i ncl ude M Agss BAlRY, g lpﬁ&é fleadtisun hgiAss daloakascartgmarhisiiea, Bidlim Ibamnhydr at e, |

cal ci um.car bonat e,

ica, kaolin, barium sulfate, talcum and cal cium

silicate (s\nmateagtl@m 1aet,ﬂ calgfunesilicate (Webestoritd) o E fieadwcampyntefos thesa HYEsf r om
about 0.25 to ments nmay al so be introduced. into the"
bl ends of fé%"oﬁﬁ}ﬁ?gb"é{hégg??/#% ‘g

.resin and include those conventionally

known such as titanium di oxi de and car bon

bl ack. Suitable stabilizers

i nclude zipgseu! f ird@mends Hay@iodR AHEERE RS itheTbIONIISE. copSlyhicabhdstiddnic -
stabilizers include 4, 6-di benzyl resorcinols, al kanol am ne m)rphol enes’

~and . benzotesinaand wcldi thess! @onemmmmllﬂémpsvnu mhwaéltwamo&wldsrﬁnﬁé@r Mi nder ed

Ol LD R AT 2R Hindshvstie BHREEN FReBOdCbhte, o5y

Sui t-abl e féﬂvxbni OVDLE6%i28R AndILdS B 6 iBATZS ] rdasﬂcudﬁs tam@n@h@,amaampnbmés ci zers

phenols
phosphite

. and benzotrlazole Suitable antnoxxdants include hydroxyl amines, hmdered phenols,
benzofuranones, hindered ammcs, aryl phosphltes and alky] phosphltes_ and ar.ev

preferably used in an amount of 0.1 to 1.5 wt%.

' [0057] - ‘Suitable flow promoters and plaéticizers include the phosphate placticizers

such as QreSyladiphenylphosphate, _tﬁ'phenyl _ph_b_sphate; " tricresyl pl]psphatq

' ’isopfo;iylated and triphenyl phésphate; Chlorinated biphenols and mineral oil are al_so

o suitable. When used, the amount of plasticizer typically falls within the range of about

- [0058] Blowing fagc«:‘nts may also be introduced into the blend of 'copblymér and

1 to 10 wt% based on the weight Qf the total‘;composition._

'styrenic resin of this invention. Suitable blowing agents are those COnventionally'

known in the art such as low boiling halohydrocarbons and those that generate carbon

v,dioxide Other blowing agents suitable for use in this invention are solid at room . .

temperature and when heated to tempcratures higher than their decomposmon

temperature, thcy g,enelate gases such as mtrogen “carbon dlox1de ammonia gas etc.

These include azodicarbonamide, metal salts of azodlcarbonamlde 44’-

oxybis(benzenesulfonylhydrazide), sodium .bicarbo'nate, ammonium carbonate, etc.



such as

cresyl - di phenyl phosphate, triphenyl . phosphate, tricresyl

phosphate; 'isopropylated and triphenyl phosphate: Chlorinated biphenols.

“and mn
“typi cal

of the t

into th

eral oil are also suitable. Wen used, the anount GfMARIZa%t i

e blend, of copolyner and styrenic resin of this invention.

Ci zer

li& faIIs within the -range of about 1 to 10 wt % based on the wei ght
PPy Rbosi tion. [005.8] Bl owing agents rmay al sPGRUSRHIFHduced

Sui t abl e blomnng agents are those conventionally known in the art such as

| ow boi-| Theamalimhydd ogadabigisinahe rafpess 0t hat 20gene bytveigRHEON0 ghirsiyde. Ot her
agents suitable for use in this invention are solid at room

bl owi ng

~ t enper at WeEhkpGthgRkaimeplasaress- t enper at ures hi gher than their deconp05|t|on

t enpera
gas et
- ~azodic
" bi car bo
PCT/ USO

ture, they .generate gases such a; nltrogen car bon- di oxi de,
g@%)gggesefher\)j nj&]g Of%%é%?’l%?lb rgcp q?rege E)IH (1 ﬁhe?#args;e%bléx)venté%t 5208 be
2/ 1

am‘rom a

arc@ THRRINTUEAWINBIRbRfe@bE: hasldselii Mf\ﬁhaz RRidd0-Q8MmPethtids”
nl&%2261 The amount useg typlgelly |s]|n th g rénge of90 1T to 20 parts~

by wei gher {sbstrib@@vepmixing’bso asvieidjsierssf the ivenipheemtopl the blendr SRtierextrtd@59] The
) ner and styrenic resin of ége' esent inventlon can be

bl ends

pr epare

~ "conpou
the ble

of ﬁ%POl ! |
ity é&‘?ﬁﬁ@&rc %frPfﬁr‘é‘f‘BrsafGI"*ye’ﬂ e KEEOPHANEHEL

BWdV? es.

ﬁ B fed)rmtogt‘c}ﬁtdx'lrlﬂder ¥€a BohvBfioraP ,@a%.a&,ouét'u%aeéo?eetmat%g%onents of

e extr er can be a sing e screw extr

er or a twn screw

ext r uderhoppéhend drpokentnsorehddinendl @athboneats cbneentlieedbe ifed i thesamx tfeadder in a.
ional nmanner - u3|n% a conventional feed @ger and the one or- nore

convent
additio
- separ.at:
have nel
to feed
the ble
parts b
These ¢

riwpp&)ﬁbeﬁemr@e 8 @tatqs’eﬁiouestfeéamnﬁefmély tireddend BeypRRIENGY

.;Rgﬂk?h-. ? ﬂﬂd@%&hgﬂghsnR@Q%?ﬁﬁﬁthﬁﬂgﬁﬁr%@ﬁggkco ﬁgnnpnents

conpone onent

s prior -

thhnghﬁo&hﬁm&ﬁﬂeuder [ 0060] - The additional conponents. “added to

nds of the present invention can range fromabout 0.01 to about 500
| us..t he,copol yne

y 100 parts of the styrenlc resin
a[ﬁmg%ﬁ aﬂﬁeoétcwérm@h@?%wag% pddedelo) the bl‘mdéééégt Repsent | invention

. can rangc from about 0.01 to about 500 parts by welght per 100 parts of the styrenic

- resin plus the copolymer These can mclude other thcrmoplastxc resins, processmg

) alds f llers, plgments and remforcmg matertals as discussed above

| [6061] ' The blends of the present. invention ean be used for a number of‘purposes,

| ‘PPE with styrene and acrylomtnle monomers, copolymers of styrene. with

mcludmg use as a prepreg, or a sheet moldmg compound ‘The c‘o'm'positions of this |

invention are suitable for use in molded artlc]es expandablc packagmg materials and

expandable building materials in’ areas such as the transportation mdustry, :

"biochemical industry an‘d medicél industry.

[0062] One of two methods will typically be used for copolymenzmg the capped‘

acrylomtnle, or both. = They canA be copo]ymenzed using a bulk meth.od Or.a' '

suspension method. Bulk polymerization comprises performing the. reaction .without

~ solvent in the presence of a liquid monomer with initiator..

- [0063] Suspension polymerization is a system in which mOnomer is suspended as

. the discontinuous phase of droplets in a continuous phase and polymerized. The

~ continuous phase is usually water, as most monomers are relatively insoluble in water.
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.[0061] The bl ends of the present. invention can be used for @ n z@&r of
“-purposes, including use as a prepreg or a . sheet. nolding gﬁg d.

aids, fillers, pignents and reinforcing nmaterials. as discussed above.

The
conposi ti @020 s i nvention.are sui'table for use in nolPd&AISOIE2TE] es,
expandabl e packagi ng materials and expandable building materials in areas

~such as the transportation industry, biochem cal industry and nedi cal

i ndustry. [0062] One of two nethods will. typically. be used for -
copol yner il HEPEsOnc RRNEFTIZHEE. Wi t%"“g@r‘én‘é%’ ¥dalt Promaenes fditer s,

copol v . of st W : i {14 ' ' 1H%ctan
copol ymer Eyg%?eﬁcyﬂgﬁltgﬁlgm \%’J“rqr}% ﬁclgﬁhé}?é&am byGter.O 9@%&511}%E§%ﬂ%m§§ tant,

Y

.

. surfactant, -e.

copol yneri usi suspensi on ne
pol ymer i zald gilyconmplilssisol ey dduedisagritbly toaabilienhavcsloug suspehsiemt Ther -t he
presence o% a liquid mononmer with initiator. [0063]. Suspension

" pol yner i zahéroival prepesiest eim pradugis denmshenersion Pobirgsaden may diffse from

di sconti nuous phase,of droplets in.a continuous, phas n merrzed. The -
cont i_nuoué‘%ﬁd@%pqrgd gu%l?fom%w“%& %E%Ct‘orn‘ﬁﬁ‘ﬁhesﬁ]’gf“gr% ?%'Bg el}{e{lﬁgfvbérf S
i nsol ubl e o5 BktweeR0hE NARoAQOE NGRS/ ARREEH REHJHSRAMpkeREE foR the. |
suspensi on pol yneri zation, a catalyst is dissolved in the nononer (styrene/
st yr ene--agugpensioh rard eguallytbieoreen st0dansip@°Se dnitiatovsadre raddedl ohi thpgargery Gyent  or

_ 2. g poly- (vinylalcohol), is added separ at el ;Lo. stabilize the
resul ti ng v4Us @B JRONOMAY o hi cAhe prppeiany extean ! Wd%ﬁﬁ%’s r8fn ’§U§h)ensi_on
pol yneri zat i it f L P ! Vi ' LQpn, a
Pactor wniiHemBuigPlst s ArRANe RRRERRRERE: Bl g RRERIC IR The
usual rangggsiofferdtac TheBuspendiel atabiliger affectdygartideisize aad ohaperas veeduesl thy -
bet ween 40 and 90C. Initiators are added in the range of 0.1 wW%of the -
nonomer orclarigy and tFARSPAIEAEACt ant syst em hel ps establish the initial.
mononer, droplet size distribution, controls droplet.: coal escence and .~

- reduce pagggegtge'asggrg]@@”g@%%g- fo'rfhsa@ﬁgggéi'%ssggo@%&&,er?o?siim sgpar ticl .e

size and > ¢l ari transparency. |[0064] Sanple -
met hods f ebpsigimetip@gtthe @pkedBPE il ymers ragisisolaingighe ospolymer product are.

illustrated herein.
- EXAMPLES
[0065]  Example I: " Capping PPE resin-with MAA

[0066] | Charge a 3-;1eck }ound;b,ottbln flask with magnetic étinfih_g énd éppro_priaté
amounts of toluene, PPE .resi'n (2Q’Wt.% solids) and (]'.5- wt.%) DMAP '(N;N-dim_‘e'thyl.
aminopyridine) under vigorous"s.tirriﬁg. Connect a water cooler to one neck and a
nitrogen gas inlet to another. Close the third nepk with a gla"sé-stopper. Apply a slow .
n'i_trogen‘ purge. Place a flask in a‘l? oil bath stirring mechanism and let the mixture héat
to 100°C. When the PPE resin‘ and DMAP are dissolved, start the reaction by addihg
the appropriate,amountl 3 wt.‘% vs. PPE resin) ‘df MAA to the"mi_xture._When the
| reaciion' time has elapsed (after 4 hours) relﬁqve the oil bath, water coolerand
nitrogen inlet tube. Cool .t'he mixture 'c.l.own. in a beaker with ice. After this, isolation of

the product is carried out.

[0067]  Example 2(a):  Copolymérizing the PPE resin in bulk.
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copol yneri zing the capped PPE pol yners and isolating the copol yner product
are. ‘illustrated herein. EXAMPLES . [0065] Exanple 1: Capping PPE resin
with MAA [[0066] Charge a 3-neck round-bottom flask wth magh@ﬁll’éﬂﬂﬁ;ti rring
and appragﬂ ﬁl" anounts ‘of toluene, PPE resin (20 wt.% sglids (1.5

. % (sﬁ{z di met hyl ani nopyri di ne) under vigorous st FFFUSE (’@ﬁnnect a
vvater cooler to one neck and a nitrogen gas inlet to another. CI ose the
third neck with a glass stopper. Apply a slow. nitrogen purge. Place a
flask i n[@68pi | Gharbe 8Bimeck moumibotiamifask avidi 4 mhgidne stiiret andeappespriateo 100C. -

When the PPE resin and P are di ssol ved, start the reaction by adding
the appr 8BPHETE! MARGUITS YT/ shyrne-asponigile) apd BPEWPW(IGS&‘I‘?@ AV Mt e. When

 the reagﬂdm? hos shﬁ%}hﬁ&aﬂﬁﬂ%n{.ﬁ%@ﬁctﬁﬁgl& §%ol£r o é’ gmsgr@l?ﬁeﬂj wat er

. cool er and trogen irmet tu e m xture rrwth

i ce. Aftapplyraueqwmaadsah|p<nrgeoi>lercheh¢m@a<umtan dibbARRAN &4 1R nixthRORA] tcExanple ™
.2(a): Copolynerizing the PPE resin in bulk. -21 7 MAR 2006 WD 03/ 020781

PCT/ US02!hesdesiref ceBgErathar(§e°Q. Whet khe cﬂl?ﬁdi;odrsm‘wéd askolwexieh sartréignet i ¢

stirrer and.a ri at amounts of no s (sty

styrene- 58?9?@5 Blj'«?}’ tﬁﬁaplﬁﬁ@?‘ﬁﬁnﬂ)"@l Zgﬂ%t Hﬁ?l/lz‘(?fwsoidw'éﬁm?rbpﬁIA)IBD’nder
stirring Qs t, and
apply a (sﬁowgﬁl ?é@?el%&gﬂr@geg ﬂ%lag@ge&{ehe eﬁ] |%“§"ht‘ gzlg%nelaﬁg lté(]{efe]t t he

" m xt ur e hea), removd the oildsitlr adi dodinier mixtire d()&@@)) thé/fredudtken BPsolateddi ssol ved
.in toluene, start the reaction by addi'ng the appropriate anmount (6* 10-;

mol /1 ver; mononer A Az0. bi s |sobutyron|trlle) to the mxture.
When the,fﬂi)ggl‘,ti a{r]pl)lféggbg épa‘plé’él?r?%tt@ PPE LI SUSP@ROPe t he oil bath and
cool the m xture down so the product can be isol ated. [0069] Exarrpl e 2(b)
Copol ym?{(]@b]”'g tgoe l%?ﬁ)dll%@'&blﬁlﬁ&%‘ll%&?'%%t Neonthi leléol 0580,

dem neralized water 'containing 1. pol yvi nyl al°cohoP. ble gl sperS| ng

~agent i s(lhé‘hl éxdpexslng Z@éhtusndieatca(anﬂﬁ‘rmou&rdenfmmdw s@‘hm@&@ﬂpmm The
reactron is -carried out in 1-liter reactor and under a mtrogen atmosphere In this.

- solution is dlspersed a prevxously prepared 10 wt% PPE resin (for SAN suspension)

in a monomer solution. After 10-20 minutes the- radical_initiator AIBN (O.6'g). |

_ dissolyed in ca.l0 g acetone is added. After a total reaction time of 7 hours, the -

mixture is-cooled down to room'temperature.and allowed to sediment overnight. If

. possible, the water layer is decanted' from the 'suspenaion and the product is given

- further treatment as needed.
[0071] : Example 3: Isolating The Product (and precipitating with methanol)

[0072] The products of examples 2(a) and 2(b) are 1solated by precipitation in
methanol and then filtrated over a Buchnner funnel and washed several times wrth
methanol. If the precipitation is not possible, the sample is first drssolved in
chloroform and then precipitated with methanol Subsequently, the product ls placed
. in a vacuum oven at a desired temperaturc preferably overmght to remove all the

traces of styrene, methanol and water.

[0073] The followi_ng charts illustrate results from the blending of the crosslinked

copolymer and styrene resins.



reaction is carried out in 1-liter reactor and under a nitrogen atnosphere.
In this "solution is dispersed a.previously prepared 10 wt % ﬁ@ﬁ g@si n (for
SAN suspension) in a nononer--solution.-After 10-20 m nutes f r2 i cal .
initiator AIBN (0.6 g) dissolved in ca.10 g acetone'is agﬂﬂﬁisoﬁfdzﬁf a
“total:. r@gé’?’l{’gﬁg{irre of 7 hours, the mnixture is cooled down to room -
tenperature. and allowed to sedinent overnight. If possible, the water
| ayer is decanted fromthe -suspension and the product is given further -~
t r eat ment (0834 needible 1067Ms Beadpthardieristies asinggdifiseenpr iy PPlYPEHY ¢
_precipitating with methanal) . [0072] The products. 4ee]| (g and 2(b)
are i sol adi&grapy 1?)‘?‘3&90”58?‘@5& %’Hhi ]rre}_tiﬁign@f).[eﬁﬁar £ ﬁé‘%ﬁ f(lﬁ| ? rg tce@)egver a-
- Buchnner Lydnels A MGISHRS, DEVATALMYW TBppel PPE jBryhaR0knd tépalyators of -
pr eci plta[’-? nIs not possible,” the sanple is first dissolved in chloroform
“and then ppE@oBinick adrovestedmiNieatud shoSubime bigads b/ PPE lsepelymdueith iS4 aced

in a vacuum oven at a desired tenperature, preferably overnight renove -
~al'l the teseltds agfingle yite vahicherdicaie ﬂlsmie%ﬁ/a&eei?fa[swg‘fe\};haﬁﬁfe @8‘?4150%@% charts

illustrate results from.thepl i 1 he SEhi R v oand .
styrene r&PPHS _a”gz‘ﬁ‘cipp_edl\ﬁg\goﬁo%g \R%%%O‘%@%%IW E@% 027@?%%9%‘74] Tabl e
-1 shows Abp%@ shanagied inttWéSTngbllﬂs dbdeieide MhePPEESAN wepalymer wali €4. er ent

| evel s" (1 oading) with SAN. H gh nolecul ar wei ght %HI\/W cagﬁgd PPE - :
‘pol yner s, 20%vbyrobaghtl BPEweaghtiram MAPPEafstt wibEa p B {infeY s 25 S‘HS‘gdPyrre_r s of
PPE pol yners were tzﬁg{ZEd“ The data show that bl ends of PPE copol ymer with.
SAN resufffloroform &iqpgte, Tg: which indicates the presence of a single
phase. Bl.ends with capped and uncapped LMN PPE pol ynmer and H M PPE pol yner
result intws phases as illustrated byablea Tg.val ues.. observed. The

PPE- SAN copol yner was ca. 20% by wei ght PPE made froma PPE resin with a

0.31 1.V__as measured in hl or oform at 25C Table—1-
| | Polymer )2 3 |4 5 6 7 |8

ss1SAN |00 {80 |60 [e0 [80 |60 |60 |-
LMW PPE (uncapped) |-~ |20 ‘|40 |~ = |- |- |-
_LMW PPE (capped) - S 40 . | = e B -
HMWPPE o |~ |- |- |- |20 |40 |- |-

| SAN-PPE copolymer | -- - e i ~ |40 |100

| DSC (Tg Onset) i | | ] | ;

.'_(SAN)'seéond phase 103} 105 104' 106 | 104 104 -1'04'» 114
(PPE) first phase (°C) . |ND | 173|165 -| 173 |201-{204 |ND |ND
|1G6A - A S
ondinflection | 427 | 458 [as2 | 468 [4s3
Residuea2nd |54 | |346.|295 27.1 | 12.5
inflection (%)

[00.75-.] ‘Table 2 illustrateéythe results” using différent‘ loadings of PPE resin with

' SAN in forming 4 ncopolymer, as wcli as higi]‘er~(0.31 dl/g) and lower (0.12 di/g)
molecular weight PPE resin. The results illustrate that at wide variety of PPE-SAN |
copolymer can be synthesized ranging fror.n' cr‘éss-lihkcd cd_’polymers that are not
appreciably soluble in éhloroform, ‘e.g., é_amp’leé 1 and 2, to soluble copdlybers, e.g.,

samples 3 and 5. A product formulation having a less than about 40 wt.% loading of
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Pol ymer 581 SAN LMW PPE (uncapped) LMW PPE (capped) HWV PPE SAN- PPE
copol ynmer .DSC (Tg Onset) ]00 2 80 20 3 60" '40 80 20 60 40 60 40 100
. (SAN) second phase 103.105104106' 104104104114 (C) ( PPE) f'fﬁhR %ﬁase

(O ND173V\1@531/(723%91 204NDND. TGA 427 ” -~ PCT/US02/16261

_ PPE preferably about 20 wt.% loadmg, of PPE resir is more amenable to meltmg and

o processmg than the products made wnlh the higher PPE loadmgs



ti 458462468453 fIl di 2. o ec n n Residue a 2nd 5.4
34.629.527.112.5 inflection (% [00.75] Table 2 illustrates the results:
}us: Ing di Lferent | oadi ngs of PPE resin. with SAN in form ng AM&OEBE ymer, as
we as k31 dl/g) and lower (0.12 dl/ nol.ecu ' PPE
resin. Thgq?@(h( S illustrate that at w de vari etgil of PPE- ggﬁ”‘%g%f‘yner
can be synt hesi zed rangi ng from cross-1inked copolyners that are not
appreciably soluble in chloroform e. gb sanples | and 2, to soluble
copol'ymers, e.g., sanples. 3 and 5.T#®lp2oduct fornulation having a |ess
‘than about. 40 wt.% | oading of 60. 40. -23 ' ' ‘

Samples | Capped | PPE Total solid (gj 20% | Mn ~Mw  Dissolve Tg C

PPE IV | Loading | solid on watcr 1 -for GPC (on set)

11 loiz Jao 10 |- |- No |133
2 012 |40 |100 S No . | 14T
3 031 |20 100 |20734|59404 |Yes |111
4 + |o12 |20  |100 {= = N0 |109
s o2 |20 100 |13179|159692 | Yes | 114
6 012 20  |150 | 17441 | 123792 | Partial | 114
7 012 |20 150 18419 | 200229 | Partial | 114
18 0.12 |15 800 . - |16791|78992 |Yes |12

: [0076] In order that those skllled in the art may better practlce thc mventlon the
preceding examples are blven by way of illustration and not by way of limitation and o
can be repeated with similar success. by substituting the genencally or spec1ﬁcallyv
descnbed reactants and/or operating condmom of this invention for those used in

»sthese examples. The entire disclosure of all apphcatlons patents and pubhcatlons

cited herein are hereby m_corporated by reference.

[0077] Although the mventlon has been descnbcd above in relatlon to preferred
embodlments thereof, ‘it w1]l be readlly understood by those skilled in the art’ that
variations and modifications can be affected in those embodiments without departmg

from the scope and spmt of the mventlon



WD 03/020781 7 MAR 2006 PCT/ US02/ 16261 PPE, preferably about 20 w. %

| oading of PPE -resin is nore anenable to nelting and prodd¥RiZfg t han t he
products nade with, the higher PPE | oadings.. WO (13/020731 Table 2 7 MAR
2006 PCTVO93/92078061 Sanpl esCapped PPE Total solid (g) 286TUROMARED ssol ve
Tg C PPE | VLoadi ngsolid on waterfor GPC(on set) 10.1240100----Nol133

20. 1240100- - - - Nol141 30.31201002073459404Yes111 40.1220100----Nol109

50. 122010037 HLELAMEDI$14 60. 1220 . 15017441123792Parti al 114

70. 1220. 15018419200229Parti al 114 80. 1215800, .1679178992Yes112 [0076] In
order that those skilled in the art nay better practice the invention, the
pr ecedi ngl-e XafAPPRECEFRIMBAISIIE by way of illustration and not by way of
limtation and can be repeated with simlar success. by substituting the

generically or specaj)fb&#ﬂexylggégﬁg,t%@gnglﬁg%@nt s and/or operating conditions
of this invention for  those used in "these exanples. The entire disclosure

of all applications, patents and publications cited herein are hereby
i ncor por at ed by reftgr sggognts of one or more styrene units, acrylonitrile units and
combinations of styrene and acrylonitrile units,

wherein the polyphenylene ether segments are derived from a polyphenylene

ether resin having at least one pair of unsaturated aliphatic carbon atoms, and
wherein said copolymer is miscible with a styrenic resin.
2. The copolymer as in claim 1 derived from the reaction of :

a) a polyphenylene ether polymer having at least one end cap, said
end cap having at least one pair of unsaturated carbon atoms,

and

b) Vat least one of b;] to b-5:
b-1)  styrene and acrylonitrile monomers,
b-2)  styrene/acrylonitrile copolymers,

b-3) combinations of styrene/acrylonitrile copolymers with

styrene monomers acrylonitrile monomers,

b-4) combinations of styrene/acrylonitrile copolymers and

styrene monomers or

b-5) combinations of styrene/acrylonitrile copolymers with

acrylonitrile monomers
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[0077] Al though the invention has been described above in relation to
preferred enbodinents thereof, it will be readily understﬁgﬁ ?% t hose
skilled in the art that variations and nodifications can & écted in
t hose enbW® 03921781 wi t hout departing fromthe scope and sBCI{USO%I02¢lhe

i nvention. 7 MAR 2006 WD 03/ 020781 PCT/ US02/ 16261 WHAT IS CLAIMED IS 1. A
copol yner conprising: a) polyphenyl ene ether segnents, and b) segnents of

one or NDGBerdtny RSN toF, poRfph¥hydétet éthéxepélﬁxhéxshﬂﬂﬁg aC Ak gt énangapof styrene
and acrylonitrile units, wherein the pol yphenyl ene ether segnents are

deri ved fpwesend duohg peastiph énin thet taage pgéi WEei bagedion|tbasatalof@ehabh of
unsaturated ali Rhat+i c carbon atons, and wherein said copolyner is mscible
with a st§¥BREENSESiY "2 The copolyner as in claim1 derived from the
reaction of : a) a pol yphenyl ene ether polynmer having at | east one end cap,
said endicap Mpyta@laher @ds clapne, piereinthendadapy aeeldrical flom aafasts, and b)
at least one of b-1 to b-5: b-1) styrene and acrylonitrile nononers, -b-2)
st yr ene/ aéns/4apping@E¢®. copol yners, b-3) conbi nations of
styrene/acrylonitrile copolynmers with styrene nononers acrylonitrile

nononers, ,b-4) | | . Stay r L Ed I iSesaNd styrene
nonomer s 8’r b- Egg@r?&q{l\ééﬁgg?]gfag? 3é$v$lr9§£1e a]té:lérsgp*(])énlédlp Pﬁgé@%@%ﬁ?ﬁiﬁss wth
acryl oni t vinyegreoponers -26 WO 03/ 020781 ,

5. The copolymer as in claim 1, wherein the copolymer has a comb-type
structure.
6. The copolymer as in claim 3, wherein the capping agent is selected from the

group consisting of a methacrylic acid anhydride and acrylic acid anhydride.

7. The copolymer as in claim 1 wherein the polyphenylene ether resin comprises a

polyphenylene ether resin having at least one end cap.

8. The copolymer as in claim 1 wherein the polyphenylene ether resin has an

intrinsic viscosity of less than 0.32 di/g as measured in chloroform at 25°C.

9. The copolymer as in claim 7 wherein the end cap is derived from the reaction
of a capping agent selected from the group consisting of methyl methacrylate, ethyl
methacrylate, and methacrylic acid anhydride with terminal hydroxy groups on the

polyphenylene ether resin.

10.  The copolymer as in claim 1 combined with fiber reinforcement and a free
radical initiator and having unreacted vinyl groups on the cross-linked copolymer,
wherein the cross-linked copolymer is capable of cross-linking by free radical
polymerization with an initiator activated by the application of heat, U.V. radiation or

electron beam radiation.

-27-



7 MAR 2006 PCT/ US02/ 16261 wherein the anmount of pol yphenyl ene ether polyner
having at |east one end cap present during reaction is in7tMAE 2868nge of
5-20 wt % based on the total weight of conponents a + 3. The copol ymer
as in cl aMABO2krein the end caps are derived from at IP€5§{502/%@ cappi ng
agent. 4. The copolyner as in claim3, wherein at | east one cappi ng agent
conprises a vinyl group. 5. The copolyner as in claiml, wherein the

copol yner 1has ghe asdpolyyiee as inf tlaiinil ewhéreinTthe polgpienylere cthsr segmehtiana 3,
wherein the ca%)fl ng agent is selected fromthe group consjsting of a
net hacr y| ibsanges T‘é{ﬂﬁ%ﬁ"&eﬂ%ﬁdlsa’@r%ﬂel% s Efyﬁﬁﬁ%ﬁﬁ aeylopitrilgqwitg gith| yner as

inclaim I %fn%h@n gtpﬁrﬁﬁw&gﬂ&y A RDGniRt her resin conprises a pol yphenyl ene

ether resitt havi ng e end cap. 8. The copolynmer as in claim]l
wherein the polyphenylene ether resin has an intrinsic viscosity of |ess
than 0.3214dl/ gAaeopmamraedh chaint Bl whotiorthe etppiig@gest. haFvae copuirg mayl as i n
claim?7 wherein e end é’?lg\ is derived frfom the reaction of a capping

agent sel &uPgap BﬁF]FﬁEd prgre%gqngnlsp%o of methyl nethacrylate, ethyl
nmet hacryl ate, and nethacrylic acid anhydride with term nal hydroxy groups

on the pol yph@gyén@@%egmbﬂegl n. 10. The copolyner as in claim!| conbi ned
with fiber reinforcenent and a free radical initiator and having unreacted

vinyl groups on the cross-I|inked copolynmer, wherein the cross-Iinked
copol ymer is capalit based mepomers| i nki ng by free radical polymerization with
an initiator activated by the application of heat, U V. radiation or

el ectron beam QMloﬁ}thﬁ%aséd%KoJonWaﬁg% WO 03/ 020781 PCT/ US02/ 16261

epoxy based rhonomers.
13. A composition comprising:
a) copolymer comprising:
a) polyphenylene ether segments, and

b) segments comprising one or more styrene units, acrylonitrile units

and combinations of styrene and acrylonitrile units,

wherein the polyphenylene ether segments are derived from a
polyphenylene ether resin comprising at least one end cap, said end cap

having a pair of unsaturated aliphatic carbon atoms,
and wherein said copolymer is miscible with a styrenic resin, and

b) a styrenic resin selected from the group consisting of polystyrene resins,

polystyrene copolymer resins and combinations thereof.

14, The composition as in claim 13, wherein the styrenic resin is selected from the
group consisting of polystyrene, expandable polystyrene, acrylonitrile-butadiene-

styrene, styrene acrylonitrile, styrene butadiene rubbers, styrene-maleic anhydride,

-28-



11. The, copolynmer as in claim1l, wherein the pol yphenyl ene ether segnents
are branched from segnents conprising one or nore styrene units,
acrylonitrile units and a conbination styrene and acrylcwrﬁ4¢é8 units. 12.
A copol yner- as in claim3 wherein the capping agent has one Or re vinyl
groups and is selected froma group consisting of: styrene based nononers,
~acrylic based nononers, acrylonitrile based nononers, and epoxy based

MDNONET S. glkIBmeMa&PRROS ich® RerGRAMNile S p&IgehldrbstyeAd) QoY Vilyl O RERY, irobbeg.  a)

pol yphenyl ene et her segnents, and b} segnents conprising one or nore

st yr ene uniodifiedpolyylyoames and|seyrengimeshylagrilateonbi nat i ons of styrene and
acrylonitrile units, wherein the pol yphenyl ene ether segnents are derived

froma polLyph er. . I o] I.8J , said end
cap havi b7 o S pBoflobat hERLE 157 RBH<R! B9 pBhphaothe 06 04 SRR T 7S
copol yner cfolyhés hiy #h intribicarissbyityestilsstiemi 0032 dinglasmeadwst yit eoofarasi n

sel ected fromthe group consisting of polystyrene resins, polystyrene
copol yner a4Z28€ns and conbi nati ons thereof. 14. The conposition as in claim
13, wherein the styrenic resin is selected fromthe group consisting of

pol ystyreng, e : Dol yst yren I d b ©3 | + rene,
styrene a(l:ﬁ'yl oﬁ???&ﬁg%)sg]s@y%%ﬁe&{%ﬁt gjdi“@rg]%mr @Eﬁ;gg)??&%%ﬂee?ﬁgme?{g%an hydri de,
- 28 7 NMARwhhOie abpolymereishdecivyd, dtae astiytriesie vascosityooli less then 0.20 dl/g as

pol ychi or ost yrene, . pol vinyltoluene, rubber- nodified polystyrene, and
styrene-nﬁFHVF%HPfPEF%%”&B.Z?ﬁe conposition as in claim13, wherein the

pol yphenyl ene ether resin of the copolyners has an intrinsic viscosity of

l'ess than 9. 321l /. GmPSsifi&AaL g Cldifd £ HLERTA copolymer has a comb-type

structure and having polyphenylene ether segments branched from one or more
segments comprising styrene units, acrylonitrile units and a combination of styrene

and acrylonitrile units

18. A composition as in claim i3, wherein the polyphenylene ether resin from
which the copolymer is derived, has an intrinsic viscosity of about 0.12 dl/g + 0.02 as

measured in chloroform at 25°C.

19.  The composition as in claim 13, wherein the polyphenylene: ether segments

comprise 5-80 wt% of the copolymer by weight.

20.  The composition as in claim 13, wherein the polyphenylene ether segments

comprise 50 to 80 wt% of the copolymer by weight.

21.  The composition as in claim 13, wherein the styrenic resin which is miscible

with the copolymer comprises from 5 to 95 wt % of the total composition.

22.  The composition as in claim 13, wherein the styrenic resin which is miscible

with the copolymer comprises 25 to 75wt% of the total composition.

23.  The composition as in claim 13, further comprising an additional resin

component,
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at 25C. 16. The conposition as in claim13 wherein the pol yphenyl ene ether
resin from which the copolyner is derived, has an intri ns % @@Eosi ty of

| ess than 0.20 dl/g as neasured in chloroformat 25C 17. A nposi tion
as in cl aM@B20%herei n the copol yner has a comb-type sECHSHB28hd havi ng
pol yphenyl ene et her segnents branched from one or nore segnments conprising
styrene units, acrylonitrile units and a conbi nation of styrene and

acryl oni tp4l e Uhd tempditioh awoondingi toi daimas3 imrthndraiompﬂjafng\ahmaai ametm

pol yphenyl ene ether resin from which the 0 on gg{/l has an

i ntrinsi cradieslsdiatyr which bowpate o5 eeRoYingd HE rég“’a F &?ﬁ‘PB’r of or m at

25C. 19. folacl s in claim13, wherein the pol yphenyl ene. ether
segnent s EC@%%I’I Sg%@%@z{ho"ﬁ% of the copolynmer by weight. 20. The conposition

as in claim13, wherein the polyphenyl ene ether segnents conprise 50 to 80
wt % of théS.Copﬁheycmnpdsi}iomis ghdlain 3, whesircthepospaesitom las aisimgls phiase. 13, wher ei n
the styrenic resin which is mscible vmth the copol yner conprises fromb5

to 95 wt 0 e tota C SIth aS| claim 13,
wherein t 8 st?F"eﬁqr’&pc}S%‘é’Pﬁ%‘fﬁ%’H‘ $§1 hmlg%ﬁﬁﬁngle g\%n?ﬁa'?sﬁéon y{drer conpri ses
25 to 75wt % of the total conposition. 23. The conposition as in claim13,

further conpri shé@omposaetihi 45 @NGhint 26, Wher€iaNBORREY transANVIEPSAMZOKBL 7 MAR
2006 PCT/ US02/ 16261 24. The conposition according to claim.13, further

conpri si nyithin thezage oht00PEde 175°6di cal initiator which is capable of
generating a free radical by heat, U V. radiation, or electron beam

Fadiat oy 25. 1], CONROSTA 0. 141k ah BbmptHRGEbES 4 B SAERRSH 10N has

a single
temperature greater than 125°C when measured with 264 psi of pressure.

29.  The composition as in claim 13, wherein the composition is sufficiently flame
retardant so as to char in the presence of air at temperatures above the glass transition

temperature of the composition.

30.  The composition as in claim 13, which has a V-0 flammability rating and is

free of halogen.
31. A composition comprising:
A) a copolymer comprising:
i) polyphenylene ether segments, and

ii) segments comprising one or more styrene units, acrylonitrile units and

combinations of styrene and acrylonitrile units,

wherein the polyphenylene ether segments are derived from a polyphenylene
ether resin wherein the polyphenylene ether resin comprises polyphenylene ether
polymer chains having at least one end cap having a pair of unsaturated aliphatic

carbon atoms,

and wherein said copolymer is miscible with a styrenic resin, and
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26. The conposition as in claim?25, having a single glass transition
tenperature. 27. The conposition as in claim26, wherein the glass
transition tenperature is wthin the range of 100C to 175(7,.MA@ 006The
conposition as in-claim 13, wherein the conposition has a heat—-distortion
tenperature greater than 125C when neasured wth 264 psi of pressure. 29.
The conposition as in claim 13, wherein the conposition is sufficiently

flame retardaml S@yasicr@itdicted Tronh@eRFQPIEEstifg Apblydyrehgper at ures above
the glass transition tenperature of the conposition. 30. The conposition

as in claim13, which has a V-0 flammbiljity rating and is free of
hal ogen. 31. A conp&¥fent eepabungss and spbinagipngthesebiapder conprising: i)
pol yphenyl ene ether segnents, and ii) segments conprising one or nore

styrene units, lﬁ%yéagw]ntgr igl}ﬁhg{;ﬁiehge@g orSHSRImat | ons of styrene and

acrylonitrile its, e pol yphenyl ene et her segnents are derived
froma pol yphenyl ene ether resin wherein the pol yphenyl ene ether resin
conpri ses 3pol yfhenyhpositiat dsan clapo B meierah shengyrbmiv iresin iaselededfromnke end cap
havi ng a pair of unrslgtéjd ated aliphati car bon at ons reinn sai d

d
copol ymer SFUPhFAsisH PAYSIYRERS %?maegﬁbéfs iPRIYSHFGe- §6"y]f’%ﬁ/ﬁ)§ B) a

styrenic rgsdfd SEIGEIRAIELOM,  fiffettd BHAICANFItetsNGtyddneRRAIiS tanhdifle, Styrene
copol yners "and’ conbi nations thereof; and C) at [east one pol yphenyl ene

et her honetkyl yrethacryBae stytene @onypposiite; palyelslorostyednai pelgvinylichienei mbedie styrenic

resin is selected fromthe rou onsisting of polystyrene, expandable
pol yst yreﬁ‘éo,dlfgeifllﬂﬂlgmr?'}er ?@-%ﬁf’?ﬁgg‘ﬁ@]ﬁc@ﬁ ene, styrene acrylonitrile,

styrene butadi ene rubbers, styrene-nuleic anhydride, alkyl nethacrylate
styrene agpyl orht cbmpositdsH Cinl |ty wherin the byhybﬁehbftei?é etheicresin hadar -

intrinsic viscosity of less than 0.32 dl/g as measured in chloroform at 25°C.

34,  The composition as in claim 31, wherein the polyphenylene ether resin has an

intrinsic viscosity of less than 0.20 dl/g as measured in chloroform at 25°C.

35.  The composition as in claim 31, wherein the polyphenylene ether segments

comprise 50 to 80 wt% of the copolymer by weight.

36.  The composition as in claim 31, wherein the styrenic resin which is miscible

with the copolymer comprises 25 to 75wt% of the total composition.

37. The composition as in claim 31, further comprising an additional resin

component.

38.  The composition as in claim 31, wherein the composition has a single glass

transition temperature within the range of 100°C to 175°C.

39.  The composition as in claim 31, wherein the composition is sufficiently flame
retardant so as to char in the presence of air at temperatures above the glass transition

temperature of the composition.

40. The composition as in claim 31, wherein the composition has a V-0

flammability rating and is free of halogen.
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nodi fied pol ystyrene, and styrene-nethylacrylate. 33. The conposition as in
claim 31, wherein the pol yphenyl ene ether resin has an i ZE{\{AiR_rFEd C viscosity
of less than 0.32 dl/g as neasured in chloroformat 25C . g

conposi ti B 82781 c| ai m 31, wherein the pol yphenyl ene et F&US8Y1836Thas an
intrinsic viscosity of less than 0.20 dl/g as neasured in chl orof orm at

25C. 35. The conposition as in claim31, wherein the pol yphenyl ene et her

segnents 4CoNPrieSgoppfinid® BOinWIdPD, WherefofiR! i¢adtion hof pudyrdiehylerbethdhe
conposition as in claim3l, wherein the styrenic resin which is mscible

W th the pdpotnisperfameginbek. 25 to 75wt % of the total conposition. 37. The
conposition as in claim31, further conprising an additional resin
conponent ,, 38..Th Sj.ti00..as,i j i ition has
o ngl o §assTe ForRRcl ncHlay 2 Bnehel e oot b s ERTRREL ' 05

39. The cpsIp@st ik perfordfed iimsallgorn 31, wherein the conposition is sufficiently
flame retardant so as to char in the presence of air at tenperatures above
the glass transition tenperature of the conpositiqon. 40. The conposition
as in clafin 31A mplgddonmakias d SRPY¥IET CHPRYSEIOA C]IMPIISIE anmabi [ ity rating and
is free of hal ogen. -31 WD 03/020781 7 MAR 2006 PCT/ US02/16261 41. The

copol ymer as i, hgizmpgl WORAGleNeth&le rdsBRGth O r&ctiBR | pEieRY temgisaigher
polymer is perforned in“bulK. 42. The copolyner as in claim2, wherein the
reacti on etfrepclmyplvery adacsideirile mohgmes, i s perfornmed in solution. 43. A
met hod for making a copol yner conposition conprising: |oading a

pol yphenyl ene el et 1 eSt B0 R hERRL PRI IAROTPS L5 b0 Goe St ©

nononers and a¥
total of PPE resin, plus styrenic monomers, plus acrylonitrile monomers,

and wherein the polyphenylene ether resin comprises at least one
polyphenylene ether polymer having at least one end cap, said end cap having a pair

of unsaturated aliphatic carbon atoms,
and

polymerizing the polyphenylene ether resin, styrenic monomers and acrylonitrile

monomers within said reaction medium.

44.  The method as in claim 43, wherein the the polyphenylene ether resin from
which the copolymer is derived, has an intrinsic viscosity of about 0.12 dl/g + 0.02 as

measured in chloroform at 25°C.

45.  The method as in claim 43, wherein the amount of polyphenylene ether resin
loaded is 5 to 15 wt % of the total of the polyphenylene ether resin, styrenic

monomers and acrylonitrile monomers.

46.  The method as in claim 43, wherein the amount of polyphenylene ether resin
loaded is 10% to 15% by weight of the total of the polyphenylene ether resin, styrenic

monomers and acrylonitrile monomers.
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wherein the amount of pol yphenyl ene ether resin |loaded is 5 to 20 wt % of
the total of PPE resin, plus styrenic nononers, plus acr%lsrgt@ih ile
nononers, and wherein the pol yphenyl ene ether resin conpri % | east one
pol yphenyWéHB/08478kr pol yrer having at | east one end cap, PE&U§0%Ka01cap
having a pair of unsaturated aliphatic carbon atons, and polynerizing the
pol yphenyl ene ether resin, styrenic nononers and acrylonitrile nononers

Wi thin sai4d, r egaé inethodRslinkTind4B, furlir 6&HpiadnAS | Bleplink thd Troseitiek&l n the the
pol yphenyl ene ether resin from which the copolyner is derjved, has an

i ntrinsi ccopadype Wigh afstyaprieireson, ppd dpming bewts feam thechlend &y fprhes iedt of or m at
25C. 45. Tpo%e{é?& hod as in claim43, wherein the anount of polyphenyl ene

et her resf¥n Oatled is 5 to 15 wt %of the total of the pol yphenyl ene et her
resin, styrenic nononers and acrylonitrile nononers. 46. The method as in
cl ai m 43, 48her ghe nidifodaasduindlainf 4P ethepdive the eaaioathetiumdsiarbulk caadiéch i s 10% t o
15% by weight of the total of the polyphenyl ene ether resin, styrenic
nmonomer s &dIuEe AR fbﬁPP‘W@Z%HWE{WQ o bilgpRr 2006 WO 03/ 020781

PCT/ US02/ 16261 47. The nmethod as in claim43, further conprising bl ending
the crossybi nkggle nfARA! X TR EIaih 4B wherhY (R DbAtibS HeBiunPRRitfRaMY Bshiligads from
the blend tor further nelt processing. 48. The nethod as in claim43

wher ei n t ladiquid stspemiing tieupnlyphenylénd &heremsinj styrenvedonomess dicthenitrile

pol ynmeri zation is perforned.in bul k., 49. The thod. as.in claim43 wherein
t he react MATOREH & %oﬁ?ﬁﬁ'@ﬂ&?l e‘i‘?BRtaé’gng‘e Bogfe’ﬁﬂf' loguéspé’ﬁrg?rﬁbe@t He

pol yphenylsgagengédier resin, styrenic nononers, acrylonitrile nononers or a
conbi nati on"thereof and the polynerization is performed in suspension.




