WO 03/ 020781 PCT/ US02/ 16261 COPOLYMERS OF FUNCTI ONALI ZED POLYPHENYLENE
ETHER RESINS AND BLENDS THEREOF BACKGROUND OF THE | NVENTI ON FI ELD OF THE
| NVENTI ONvp@B01j7s8iThe i nvention generally relates to pol yplremyisenres2et her
resins and nore specifically, relates to the manufacture of copol yners of
functionalized pol yphenyl ene ether resins having properties controlled by
crossl i nkcogoandMBRSNAF FONGEHONANIZEMe POINRIERYLENE BT HER RESINS r el at es
to reaction products between a pol yphenyl ene ether resin containing
functlonaAB§$8hE§IéHHH5R§6Hyner such as styrene acrylonitrile and blends
t hereof. BRI EF DESCRI PTI ON OF THE RELATED ART [ 0002] Pol yphenyl ene et her
(PPE) resins (also known within the art as "Pol yphenyl ene Oxi de") are an

extrenel yg 9€hﬁ§®FQﬁ{ﬁmgb @ﬁrb@rnance engi neering thernopl astics by
elr [

reason of t ydrolytic sta ty, high dinmensional stability,

t oughness, heat resistance and dielectric properties. PPE resins are
comer ci aFIBLImOFrAeE INEENAUON al s because of their unique conbination of
physi cal, chem cal, and electrical properties. This unique conbination of

properties. render PPE resin based fornul ti.on SUI able for br oad range
of appl i cgq()ogﬁs (gt In¥enlioRepqnerally Flitgs o 03 %e 8&5%‘?5 aq(gmiofﬁ ection

nol ded prg}%ﬁkﬁu%’f}enﬁﬁs%ﬁlemﬂfafcaﬁe Bf&ﬂ)olﬁ%}\% oﬁﬁl%h&ﬁhké&lgi@o RyleRs € conmon
po

PPE resins known'in the art are typically conprised of Iyners of a
fairly hi g&embms@hwmg\m@@hﬂles chngeHedPPE cshlynkengs andybleadsathereohaleond excess

of 50 re ea nits, st oft i f 80 t
nonomer p %@yb ‘RT%EWErngﬁﬂbﬁm&ﬂpégg @ge é?ﬁg]%PWme”%EBGFﬁl Sablends

of PPE re snls aﬂtélhm %h@tfonﬁﬁgfdﬁ?s 2HEH foly I%Eb’ﬁlf‘dﬂle?s §192h@ ScryiMrifBhet | al - of
i nt er est %een Sgyrene- rylonitrile” copolynmer ({"SAN') resins.

Styrene-Abky&nmnmofle copolynmer resins are
BRIEF DESCRIPTION OF THE RELATED ART

[0002] Polyphenylene ether (PPE) resins (also known within the art as
“Po]yphenylene Oxide”) are an extremely useful class of high performance
engineering thermoplastics by reason of their hydrolytic stability, high dimensional
stability, toughness, heat resistance and dielectric properties. PPE resins are
commercially attractive materials because of their unique combination of physical,
chemical, and electrical properties. This unique combination of properties renders
PPE resin based formulations suitable for a broad range of applications that are well
known in the art. One example is injection molded products which are used for high
heat applications. The more common PPE resins known in the art are typically
comprised of PPE polymers of a fairly high molecular weight. These PPE polymers
generally 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 providing blends of PPE resins with
other resins such as styrenic resins. One material of interest has been Styrene-
Acrylonitrile copolymer (“SAN”) resins. Styrene-Acrylonitrile copolymer resins are

transparent resins used in a variety of products including housewares, packaging,



transparent resins used in a variety of products including housewares,
packagi ng, -1 WO 03/020781 PCT/ US02/ 16261 appliances, industrial

bat t eri eswoan@2@at onot i ve and nedi cal applications. |In thesa/usomideet s, SAN
resins are used because of their low unit cost, clarity, heat resistance,
good processability and resistance to chem cals. [0004] One technical

obst act € L3ibigs IPUELARTEMerdl SRR BEGLE S/ LS Wofilicd BRL MntEllls has

conmpat | Ity ween resin an aln styrenl C

resins. ThakelsaSKNofesin®mRatdcdiYechnse ioF tifit RV ohiie cdn, ooy, hts cedithricey and
mani fests itself often t hrough very poor physical properties as well as
de- | ami nagdogpregessebilieandgsisiance oobem)calst forts to create an integrated
material of PPE resin and SAN resin have been nmet with dlfflcultles

Met hods f npr oyl i) I
styrenic @69{; (E)r”Srs]tug‘r’\ﬁs’hgas] L%’E&ICQ @Af\}f\ér%’fsvueﬁﬁlegfrjé’y ‘g‘?r%}fﬁ %ﬂif@y UMMVARY OF
THE | NVENESiEW14ra0 B84 bden thRcRepeshpaibilithdeiwees RPEQBsin and opradiy sirenid sci bl e

with styrenic resins is disclosed which conprises. PPE segnents, an
segnent s rswn@nEh@rlacﬂmfemmﬂlbm ibritfieg due 4@ poRramiseibility amm@lf%wtsel

conbi nat i gas, Rf oy ﬁ%r&@)%oia&g'sﬁ%f %r’ogé’}h%{ 3 &‘el%ﬁ cﬁe qupaylgérfﬁ“o\(dedﬁ)%% ai ni ng

ot her chem<ca speci e nent's are
derived froma PPE resin conprising PPE pol yrrer chai ns haV| ng at | east one
end cap [000§]ai NIEMPra tP@idatecoin inkgrited ataediabbf PREtesin ad [BAN atsimbavd . e. a
car bon-carbon double bond. [0007] The term "m sci bl e" as_used herein,

refers toPeeRengthvith @}fﬁSFItI?Wﬁ@P%TﬂFslmc%OV“Pg)mﬁ miss] bl o TS BONIAEHS mel t
bl ended tog ?EQ’?Jms Q‘n?c ;?c![l%}g%@]eBP@%Schc rS}ﬂQ rés%ngllefdeﬁged by a single glass

transition tenperature anot’her "aspect IS invention provides a
conposition conprising: a copolyner of this invention, and a styrenic
resin, SUBRIEISSUMMARY ORGHIPBYYVEBIYOBne copol yners (such as SAN) and
conbi nati ons thereof.

[0006] In one aspect of the invention, a copolymer miscible with styrenic resins is
disclosed which comprises PPE segments and segments of one or more styrene units,
acrylonitrile units and combinations of styrene and acrylonitrile units, optionally
containing other chemical species, e.g., rubbery species. The PPE segments are
derived from a PPE resin comprising PPE polymer chains having at least one end cap
containing a pair of unsaturated aliphatic carbon atoms, i.e. a carbon-carbon double

bond.

[0007] The term “miscible” as used herein, refers to the ability of two polymers to
form a single phase when melt blended together. This single phase can be identified

by a single glass transition temperature.

[0008] In another aspect, this invention provides a composition comprising: a
copolymer of this invention, and a styrenic resin, such as polystyrene (PS), styrene

copolymers (such as SAN) and combinations thereof.

[0009] In 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

-



[0009] In a further aspect, a nmethod for meking a copol yner conposition is
di scl osed. The nethod conprises introducing a PPE resin into a reaction
medi um cwoEBiz078y at | east styrenic nonomers and acryl oniPOTIUSe2/m&aDNeEr S,
wherein the -2 WO 03/020781 PCT/US02/ 16261 anount of PPE resin is 5 to 20
wt % of the total conbined weight of the PPE resin, the styrenic nononers

and the aghdl@Bt PPE h&idRBOGEISYBH6f B Yotaldebnitigstkeight dARAPPE @esin, the
pol ymeri zabl e nononers. The PPE resin conprises at | east one PPE pol yner

chain hastymugicanonasaess anhéhe aeryloajritehmonomers andainy asilitipnehepiienebgoal i phat i ¢

carbon ato I . at least.o arbon-car bon .doubl e nd.. The.PPE resin,
styrenic %Wﬁlea'ﬁamrﬁf?'yltr&ﬁ%?ﬁ ﬁeémrﬁ?m?ﬁlé?ssgtl ‘8%532’8"* ip%%t%owgacgf F’on. nedi um
are subsegNaH 4t YeaBObneRt icag that hil LpaAr HRRsERRAYIRhatid bebsiPaGks Al BB UM can
be a bulk reaction nediumor a reaction nediumthat contains another

| i quid whlcath ongspahds-coborrdoublef bersd.t hEhe PRECrésie fyrpsnexnemefs0dK0] The
PPE resin enpl.oyed to provide PPE segnments conprises PPE. pol yner. hai ns.
These. PPEBOPYIRIF THRPRE HPESi ol THEPORE CoR S Drsrye PV EE e of
phenyl enejngd helprUBddoRyrdr. tTige faEmaH meliuhi 5P b8k biflk TedtidnhddiEADR a _
structural unit may be the same or different, and in each structural unit,
each QL riesctiondepdndernbdtycantding agether piquidamhidr sespendrdar yemusibies sheky|
(i.e., al kgclt. containing up to 7 carbon atons), phenyl, hal oal kyl,

am noal kyTF9°thHy&PBEIPBbhoxy, or hal ohydrocarbonoxy, at |east two carbon
atons separate the hal ogen and oxygen atons; and each @ is independently

a hydrogeo1fial 0aee PPEIEAREMpRIyed &S Pidd Rie P PEMRmentd|cKitlprisda e polyhiad oal kyl ,
hydr ocar bonoxy or hal ohydrocar bonoxy as defined for . Most often, each

Ql is al ksHajnsedpessi BPE ypolymderaghajs, argrithogac polgmeisscamptistyen rovrakitykgf |

especi al | B/he%y %ng l:tll(lgrl units of the formula (I):

Q3 Ql
O._

o ¢ 9

Each structural unit may be the same or different, and in each structural unit, each Q'
is independently a halogen, primary or secondary lower alkyl (i.e., alkyl containing up
to 7 carbon atoms), phenyl, haloalkyl, aminoalkyl, hydrocarbonoxy, or
halohydrocarbonoxy, at least two carbon atoms separate the halogen and oxygen
atoms; and each Q7 is independently a hydrogen, halogen, primary or secondary lower
alkyl, phenyl, haloalkyl, hydrocarbonoxy or halohydrocarbonoxy as defined for Q.
Most often, each Q' is alkyl, especially C 4 'alkyl, and each Q? is hydrogen or alkyl,
especially C,.4 alkyl.

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

include but are not limited to

poly(2,6-dimethyl-1,4-phenyleneether );

3.



[ 0011] Specific pol yphenyl ene ether polyners useful in the present
invention include but are not limted to

pol y(2, 6-wprmaibyBt 1, 4- phenyl eneether ); -3 WO 03/020781 PCT/USBD26266261
poly (2,6-dinmethyl - co - 2,3,6-trinethyl-1, 4-phenyl ene ether);
poly(2,3,6-trinmethyl-1, 4-phenyl ene ether); poly(2,6-diethyl -1 ,4-phenylene

ether); pol y( I%Q‘X’hmﬁhﬂr oRYlz3 é§’tﬁnqjgﬁ1§P¥l4%%nﬁ'épee£t)ler)

pol y(2, 6-di prap |'ene”

pon(2-ethyI-6 propyl 1 4- phenylene et her);

pol y(2, 6-di | aupsqu(-z;lz,,él«tmhahylLqu)hem)he’re)e’therpol y(2, 6-di phenyl - | , 4-phenyl ene
ether); poly(2, 6-dinethoxy- 1,4 phenyl ene ether);

pol y(2, 6-di et ho henyl ene et her);
pol y( 2- net hoxyp‘ég’/@téﬁ‘é‘fg’ 13- Igﬁ@ﬂ?‘i“'e‘ﬁée@t her);
pol y(2- et hyl - 6- st earyl oxy- 1, 4- phenyl ene et her);

pol y(2, 6-di chl he
pol y( 2- nethyl]Rn%ﬁéﬂéhﬁhﬁg*%ﬁgﬁé%gﬁgy%?%g??) pol y(2- et hoxy- 1, 4- phenyl ene
ether); poly(2-chloro- | ,4-phenyl ene ether);
pol y( 2, 6-di br oprdy(2,64diphewis I drrheaylbes §therpol y( 3- br ono- 2, 6- di et hyl
-1, 4-phenyl ene ether); or mxtures thereof. [0012] Suitable PPE resins

e o I S YR SAT g Lot o ol i of formia 1.
-1, 4- phenyl ene ether units. SU|tabIe copol yners i ncl ude random and bl ocked
-4 poly(2,6-dilauryl-1,4-phenylene ether);

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

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

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

poly(2-methoxy-6-ethoxy-1,4-phenylene ether);

poly(2-ethyl-6-stearyloxy-1,4-phenylene ether);

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

poly(2-methyl-6-phenyl-1,4-phenylene ether);

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

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

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

poly(3-bromo-2,6-dimethyl-1,4-phenylene ether); or mixtures thereof.

[0012] Suitable PPE resins include homopolymers and copolymers of the
structural units of formula I. The preferred homopolymers are those containing 2,6-
dimethyl-1,4-phenylene ether units. Suitable copolymers include random and blocked

4-



WO 03/ 020781 PCT/ US02/ 16261 copol ynmers contai ning such units in
conbination with, for exanple, 2,3,6-trimethyl- 1,4-phenylene ether units
t o producwopaloy7§R, 6-di nethyl - co - 2,3,6-trinmethyl -1, 4- poinarsyt/enel et her)
resins. Also included are PPE resins containing noieties prepared by
grafting vinyl nononers or polynmers such as pol ystyrenes and el astoners, as

vel | as pc(cﬂq)wgfegs Eérfraibfi! Sih WM CohGRbRI 16h 280 BLsmBIUCR3 RSiRikyKo] ecu ar

wei ght onat es, “qui nones, heterocycl S undergo reaction

in a known4-phemyiare sthemhuitibetchyddooey polya@psdiafetliyho q@ot R(3phrenyétbylel &t her)
pol ymer chains to roduce a hi gher nol ec%I ar wei ght,pgol ynmer, provjded a
C

subst ant iﬁ?e“iélFB?)SWBdﬁ“B?- f“f%—?em WQEH’ LAl !I‘Eﬂflt'?scqn é‘?‘f‘f%ﬁ p term
pol yphen%l gﬂﬁin t\nlg)Fl rﬁ&%nﬂﬂs oﬁﬁt?]%egpsﬁgﬁegsshﬁ%d efies A s'b&o}vérpeas well

speci ficat19n ard al ns herei nclu stitute yphenyl ene et her
pol yner s, as selptéd PREetksipol inphvaaieyil enpliag haeenty cdughredsslonh @fcéduldrheeighomat i ¢
ring is substituted, polyphenylene ether copolyners and bl ends thereof.
[0014] TheolpREbanalesnguinenise Mglcircyales gind (foEMply Wnderesr Eaglin im9ea%h i ncl ude

all thos 0t | y ol S i I 2t QRS | stural units
o anci 1T 3PeF SERh e, Ry AR KoL LB e BRI That
formthe d}B’B&ld’e@Shi@haﬁdoleéma WeEEht fs ey pssidedtaysubbtahtiet prffforfi@sofifrean vary
wi dely, depending at least in part on the intended end-use for the PPE
resin. Thieydroxy grieramadeosity (hereinafter "1.V.") of the PPE resin is
typically in the range of about 0.08-0.60 dl./g., as neasured in

chl or of or 25 e i s I 1Y gt l; Verify
bat h terrp'reBrO Z%]ure%hgxg%]pﬁ@%?g%pggﬁg H&@Q lgfihgsﬂ% eEOnfae(rgl@ ﬁ%ﬁ?%gﬁg%deone on
PPE r esi nspebificatidsaredanidrhieedn, iincladesvasubsitnsdepolfsienslepeethedpadymers, | east |
hour at a tenperature of 125C. Let powder cool about 5 m nutes l|orior to
wei ghi ng. substittgdapplwphenylens sthep gplymess Whessits the srogatipding 8 uRstthedap) on

bal ance ﬁﬁﬁ@f’t@%‘%ne é{{ﬁérg&pu})nmg D& RWdLss target about 0.4000 grains.

Record p

[0014] The PPE resins contemplated for use in the present invention include all
those presently known, irrespective of variations in structural units or ancillary
chemical features. The molecular weight of the polymers that form the PPE resin and
the intrinsic viscosity of the PPE resin can vary widely, depending at least in part on
the intended end-use for the PPE resin. The intrinsic viscosity (hereinafter “1.V.”) of
the PPE resin is typically 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 temperature is at 25°C£0.1°C.

All 1.V. measurement should be done on PPE resin that has been dried in a
vacuum oven for a period of at least 1 hour at a temperature of 125°C. Let

powder cool about 5 minutes prior to weighing.

Using an analytical 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.

-5-



wei ght on sanple |ong sheet. -5 WD 03/020781 PCT/US02/ 16261 Tare the

wei ght of bottle (with cap) and powder. Add 50nil of chloroform Record
wei ght ofwohe/oztd1Bor of orm on t he sanpl e | og sheet. Pl ace becrlwsonm26shaker,
shake sanple until it is dissolved. To run a sanple, add about 24 m of
filtered sample (filter through 12 ml autovial filters) into visconeter.

Remove filter fromd tHeGlei@Alf bbitle (WithcopBin@mowdtt. aglid SOHESZIdYidBmt 0 vacuum
| ine on the visconeter. | oWy draw sanple up the visconeter until it is

about 0.6 cm abowecptieweighpefrthershlotrfermean the siaplRiagshectt Hlacgqoiilezen bul b and
vent stopper fro t he,vi sconeter.., . t he sanpl e reaches the upper
el i G Bl 1R glge

nmeasur enent |ine, B'using a tinmer. When the sanple
reaches the | ower neasurenent |line, stop timng. Record drop tine of

sanpl e on sanpl e To@nseRiple, adalabbliaieml oV filteledis@pRqfipsit Siroiaf 2war e known
in the art. [0015] The [.V. of useful PPE resins is sonetines |ess than
0.32 dl /g as neagutaipl filershlintooviseometer. 258emarel iElsgr Fem dslst PREND. 20

dl/g. [0016] The PPE resins. as used herein are typj.cally. abt.ai by
oxi dati ve coupliﬁ&mogFgﬁt ?@%§158W§Z%§ﬁ@%§?éﬁ¥“ %eh%ﬁngggiggfggﬁgferably

at |east a porti @owly MMavCAmpRYEp tieNaSddnididr @i iiisabohte@s tent AdvewRe or t ho
positions and hydrogen or halogen in the para position, using an oxygen

cont ai ni ng gas anuper measpremenibingl Rampre thsagugegs bulb gndefeat sibpper drosbpper

(I')-am ne cataly as the oxidizing,agent and ref er abl extracting at

| east a portion 3%"% VREHE %Ix%ﬂleaﬁa@ﬂe %g%s ﬁ%"t 'ﬁ?ﬂgﬁﬁﬁ?ﬁr?négilﬁ]es%ﬁgfn with an
aqueous cont ai ni ngnisel it the ol AhZla limeBenBh@ thet hngI®karubathewinght of the
PPE resins can be controlled by controlling the reaction tine, the

reaction tenper atmgasugmgnt e, stop timtingf cat al yst .
Record drop time of sample on sample log sheet.
Calculate 1.V., using computer software known in the art.

[0015] The 1.V. of useful PPE resins is sometimes less than 0.32 dl/g as measured
in chloroform at 25°C, and can be less than 0.20 dl/g.

[0016] The PPE resins as used herein are typically obtained by oxidative coupling
of at least one monovalent phenol species, preferably at least a portion of which have
substitution in at least the two ortho positions and hydrogen or halogen in the para
position, using an oxygen containing gas and a complex metal-amine catalyst,
preferably a copper (I)-amine catalyst, as the oxidizing agent and, preferably
extracting at least a portion of the metal catalyst as a metal-organic acid salt with an

aqueous containing solution.

[0017] In general, the molecular weight of the PPE resins can be controlled by
controlling the reaction time, the reaction temperature and the amount of catalyst.
Longer reaction times will usually provide a higher average number of repeating units
and a higher intrinsic viscosity. At some point, a targeted molecular weight (often
measured as 1.V.) is obtained and the reaction terminated by conventional means. For

example, in the case of reaction systems which make use of a complex metal catalysts,
-6-



Longer reaction tinmes will usually provide a higher average nunber of
repeating units and a higher intrinsic viscosity. At sone point, a

t ar get ed wologoi7ar wei ght (often neasured as |.V.) is obtairrsd2/ane t he
reaction term nated by conventional neans. For exanple, in the case of
reacti on systens which make use of a conplex netal catalysts, -6 WO

03/ 020781thE’@HJld&3&/atl@2ﬁébcnémﬂ]aineytmthtaa b9 raddidgcin auid, ey, hgirbehioricnat ed by
addi ng an aci ,. hydrochloric acid, sulfuric acid and the like or a

base e.g. aCl(ﬂ)@thB"S? aﬁﬂﬁyéﬁl&d”ﬁeorambﬁsﬁ I§e2-| HORRSSIg kydsoxige aerthe Iikgypr

veans s PRIy R el kP MugRaf el bR iy bR T T TG

PPE resi nﬁleéMstab tRigheby Hepins. Hyarht Wer3, 168w ng, crosslinking, or
pol ymeri zation reactions, including free radical reacti ons, it is highly

desirable fromthe standp0| nts of |low viscosity for mxi nge and a high
endgroup [0QdBber When fearbinies FRE atepigh vih h%N?%r dese bye sithert BlgpdiRgs | ess

L1 50 e B SR By SO S PRE Aol 3, B ehovt 35

process cl&irsitrffoame sidrdpv@es bDlow hescosiey gdromiEing Ml @ higwendprequl ar
wei ght PPE resin, an exanple of which is known as PPQOL2, which is ideally

suited f oﬁumb@ﬁarrﬁuﬁ@fqullﬂbz%’@ﬁd@ Yy sPRIE rasi hat hag dess ithew. 50 fFlF@i‘Zloé@)'ﬁﬁrr i ses
2, 6- di met h po%ear\]/ Ee%raﬁlmlg tﬁz{}ldab%aggjad[}p% 815(8‘525 e? u}{ftss 19?\’6?’%%&: 0 12

dI/g 0. 028 feas! re orm at owrmecu

PPE resins such as PP012 show a reasonably high Tg that equates to h| gh
heat per f omance Reeénthadwandascin PREVREsiMBrbcess shanistry lave atlowparfed the hi gh
nol ecul ar wei ght grades. These twp aspects are ver){ |rrportant for

per f or mané@ElnpaEEsehbiaw Mmplasylaseazh tﬂ’ﬁéﬂamwm ¢ ekVhghdfnowess to form

t he copol h h ve at
| cast _one! o Syichols emR AL for BEBLHEE (B LR Re B My HERBR 21 o,
i.e. a cappom @@rhbﬁsﬂ:s Cﬁ%lbin@etbﬁﬁ]ﬁbny%hb sthendni€aghd has an intrinsic 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 that equates to high heat performance yet have much lower melt viscosity as
compared to high molecular weight grades. These two aspects are very important for

performance/processability balance.

[0021] The PPE resins employed to form the copolymers of this invention
comprise polymers chains that have at least one end cap containing a pair of
unsaturated aliphatic carbon atoms, i.e. a carbon-carbon déuble bond. This end cap
increases the reactivity of the PPE polymer so as to facilitate copolymerization with
other monomers or copolymers having unsaturated aliphatic carbon atoms such as
styrene monomers and acrylonitrile monomers or styrene/acrylonitrile copolymers, or
the combination of styrene monomers, acrylonitrile monomers and
styrene/acrylonitrile  copolymers, optionally containing other polymerizable

monomers.



increases the reactivity of the PPE polyner so as to facilitate

copol yneri zation with other nononers or copol yners havi ng unsaturat ed

al i phat i cwoaslzn18at ons such as styrene nononmers and acr ylPemiuse2/i@6énononer s
or styrene/acrylonitrile copolymers, or the conbination of styrene
nmononers, acrylonitrile nonomers and styrene/acrylonitrile copol yners,
optional | Nt aipRi- her : i JIONANIRT §0%- B4 4P L81

PCT/ USOZ/[?g%l Fgog%&qu Esgg%)ééﬁgﬁféf%?gp?t greant p{; ggg?ﬁlgyé%rgt Ie)gst about
80% nor degpit abeut®iol4y; most prefaablyabbuatt DU 956t thy BPEpabimer zhaihehste about

95% of the PPE pol ynmer. chains have. .end caps with a i.r of unsaturated
al i phat i S"d2Bo N Hteohair ohnspivrales] ?}’R;‘F’H?/Farﬁg’i’ atomss Prefasppty yiY e ai ns

of ten hav ' R hiith JeA ko d RN IAND] RImENRuring th
pol ymer i z%%ﬁ%ﬁecg%qsl\/gﬁ%cﬁve(e% g]ri(])tj:ps gc%rggb(e co%vejrted tougg%i vee hydr oxy
end gr oupsyrhyridanionn TheshMagnieb ehd graups eas e ichevemedbe actde kenldorgapsl per PPE

polynmer, e.g., by subjecting the PPE resin to el evated tenperatures such
as,  gr eatBPURTHEN kKB technisyes topf”&eé?eameymﬁ?%étoérenﬁ HaRs BFout ™ PEOEISr hi gher.
[ 0023] The,e - P ided tj t he
hydr oxyl 5t Busean il BRE TSt ReLVRE Aol B e o] SRR Ty
provi des HO0°Cepsferabde grepiet thanfaboand80C at kigharl | phatic carbon atons. This is
carried out by allowing the PPE polynmers to react with a suitabl e capping
agent. Suitable cgppi ng agents ed in the resenLyi nvention to introduce

the ali ph®P7¢ undat GPaFIRsIPNSht BH € REIYBISECHTHRg RQUIdss) by frastng hs¥dro¥¥hpound of
the gener @'l)ugs%mlz PP le)ﬂ% with A Suftdbié }eagtivé:‘?f)ecﬁ:é tiht provides at least one

pair of unsaturated aliphatic carbon atoms. This is carried out by allowing the PPE
polymers to react with a suitable capping agent. Suitable capping agents used in the
present invention to introduce the aliphatic unsaturation onto the PPE include an

unsaturated compound of the general formula (I):

2

R\ X
l 7
//C_(R )n_'ﬁ
R 0
4
R

an

R' is an aliphatic, cyclic, or aromatic residue, for example, -CH,- but may be multiple
-CH,- groups, e.g., n can vary from 1 to about 10 or more, or alternatively, n may
equal zero wherein the formula is an acrylic residue. Each of R?, R®, and R* are
independently hydrogen, alkyl (preferably C,-C alkyl), or aryl (preferably by C¢-Cio

aryl), and X is a residue of one of the following formulae (III):



or aromatic residue, for exanple, -CH2-
n can vary froml to about 10 or

zero wherein the formarasoyi@nt acrylic

R (Il) RL is an aliphatic, cyclic,
but may be multiple -CH2- groups, e.g.,
nore, or WbtoaoeEsi vel y, n nay equal
residue. Each of R2, Rl, and R4 are

i ndependent |y hydrogen,

al kyl

(preferably C -C10 al kyl),

or aryl

(preferably by C6-C10 aryl),

and X is a

resi due of one of the follow ng formnul ae

IDE

-8 WD 03/ 020481

PCT/ US02/ 16261 O30:8@Na O ON N O (@
CH. CH3 NHE€/ /0/0d NNB(OH2 O
be a hal ogen or may be a residue of the/ or

OEt CH3 CH3 M=X C OCN
) [0024] AlterRg ely, X may
a(lV): RRY¥ /IGPR7 )M

on CHy  CH o
s C-CH G
0=Q ’ CH. _CHs
NH \ ~C
/ P o
/
Cl
( N
N / _B(OH),
| o)
/ 0
/
(1)
[0024] Alternatively, X may be a halogen or may be a residue of the formula (IV):
8
R\ O—
7 _ 7/
C//C_(R m |(|:
R o)
R

(V)

R’ is an aliphatic or aromatic residue, for example, -CH,- but may be multiple -CH,-

groups, €.g., m can vary from 1 to about 10 or more, or alternatively, m may equal

zero ( if n and m both equal zero, the unsaturated compound is an acrylic anhydride).

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

embodiment, the unsaturated compound is of the formula (V):

9.



RO-- CO \ 10 (IV) R7 is an aliphatic or aromatic residue, for exanple,
-CH2- but may be nultiple -CH2- groups, e.g., mcan vary froml to about 10
or nore, WP 0lewsnatively, mmay equal zero (if n and m lpetrhuseyuabl zer o,

t he unsaturated conpound is an acrylic anhydride). Each R3, R, and R10
are independently hydrogen, alkyl, or aryl. In a preferred enbodinent, the
unsat urated conpound is of the formula (V): -9 WO 03/020781 PCT/US02/ 16261
R RZ 0/ GCG(R)nC(RR\nC R3--@/ OOFR4 R/C-RR4 (V) wherein each of n,
R, R, R3, and R4 are a%y(ﬂg)mugfy\@%@'B%eQ. In an especially preferred
enbodi ment, the unsatur&fed c fipolind iis © nthe\\torrrula (VI): HBCO CH CC
01 Q\CH2 CH2~ 11RTW), Howeve®, i@cluded wit higf the scope of the
present inventjgn are "M xed" or "unsymmetriBal" anhydrides of formula
(V). [0025] The’capping agent typically has one or nore vinyl groups. The
cappi ng

wherein each of n, RI, Rz, R3, and R? are as previously described. In an especially

preferred embodiment, the unsaturated compound is of the formula (VI):

HsC,
C—C ¢c—cC
cy? N ey
O o 2
(V)

However, included within the scope of the present invention are “mixed” or

“unsymmetrical” anhydrides of formula (V).

[0025] The capping agent typically has one or more vinyl groups. The capping
agent can be a styrene, a styrene based monomer, a substituted styrene, an acrylic
based monomer, acrylonitrile, an acrylonitrile based monomer, an epoxy based
monomer, methyl methacrylate, ethyl methacrylate, or other suitable material. The
capping agent is preferably an unsaturated anhydride such as methacrylic acid

anhydride.

[0026] As stated herein, the PPE polymer can be capped by the addition of at least
one unsaturated anhydride such as methacrylic acid anhydride (MAA), preferably in
solution, to form a capped PPE polymer referred to herein as PPE-methacrylic acid
anhydride (PPE-MAA). Methacrylic acid anhydride is highly reactive in radical
reactions, and is very reactive with styrenic polymers. The PPE-MAA can build into
styrenic copolymers via the methacrylate double bond which remains after reaction

with the PPE polymer.

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

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

-10-



agent can be a styrene, a styrene based nononer, a substituted styrene, an
acrylic based nononer, acrylonitrile, an acrylonitrile based nononer, an
epoxy baswo o3oeriener, methyl methacryl ate, ethyl nethacrylParasoore26t her
suitable material. The capping agent is preferably an unsaturated
anhydride such as nmethacrylic acid anhydride. [0026] As stated herein, the
PPE pol yngjfijogan The cfaemeqls ?Yef&@@lyaﬂﬂbﬁﬁr%ntyﬁé c NKJA?%@h a@ MM APS@, uxat ed
anhydride such as nethacrylic acid anhydride ( preferably in

sol uti on, dinethybemina ptyapl@@?d PPEr o gmxpmgr@ﬂerﬂmeBPEO’ehertmlcalbfscompﬂses

PPE- et h acid . dri de (PPE- MAA I i,c.acid anh ide is
hi ghl y r:]g}é%(lp\? Meh cPagy 2‘3 ing o8 Of itWRENA £ARS PE RP@)’ T R O W\?‘f‘% i% yrenic
pol ymers. qiThgddP k- lé/%f&eae%f bded R tBout KOYS, %f@rasmha/dgﬁab%uv 9@%t h\%re

met hacryl at e doubl e bond which remains aftér reaction with t PPE

pol ynmer . pe62aly Thieae ntlowddh ngmoeact the mydimoxy gmtqaalwmnmdwel’l’r&pmlhmepr esence
of at | east one cat al yst by conventi gnal ds or t S given
"h the exSiIRS HerdBRed - HomEsSaR Dot T besame o setnk By 801 T

cat al yst f a st IMAR ing
di met hyl ah rﬁg}{}gylﬁélg?%%?@n}e Itaje?q}ta(r/\ée%gggg%]ﬁdgeﬁst]eﬁ%{gtkﬁgﬁPPE rpesg:hll r? lt)ll?i)l cally

conpri sesmi®E phlrgarave chdi mm-teactiviegeaivepo(ertdagpsend @apgnipgra pesidmakr chai n.
As previously djsc S ferable for at |east about 80%

pr ef er abl §ATen- ?%B%Ild%%geu?o@é)%ayﬁg‘fog’ T"Ef erably at |east about 95% or nore
of the hydroxy groups within the PPE poI ynmer chains to be capped. In an
especi al [ ot ef ergiaiueitiodi WRAe aHS! Afliddabl Yaril thedfy WRemensliexyt

noi eti es e PPE have been capped M xtures of endcaps, i ncluding
m Xt ure ofmecleachi mé tlenchenoeal rreampn\betmmctapé’P@endmps amd theowtsaturdterdy a

dual b b doubl e .bond 0028] h
o shi ng. ¢ STBRPBRUHATBT ki JITE HEdF sPTONTERS MRk dotstiongHzeEh b e
chem cal £aaGk %ﬁle?ﬁffax\@ﬂﬂoﬁé?ﬁthgagdﬁﬁ&ygx%ﬁp§ﬂﬁl thPPH %Wn%r@%ﬁﬁtmg in a

PPE bolymer containing aliphatic unsaturation comprising the formula (VII):

(VD)

Each of Q', QZ, n, R], Rz, R3, and R? is as previously defined and j comprises a range
of values generally on average between about 10 and 110 depending in large part on

the 1.V. of the PPE resin.

[0029] Additionally, multiple aliphatic unsaturation can also be introduced onto
the PPE polymer through incorporation of branching agents and/or coupling agents
into the PPE polymer backbone structure such that more than one end of the PPE
polymer contains hydroxyl groups for capping. Such branching agents and/or
coupling agents are known in the art and include compounds such as, for example,

tetramethylhydroquinone and trishydroxyphenol.

-11-



conpound of forrmula (I1), it is presuned that the functionalization of the
PPE pol yner takes place through the hydroxyl groups on the PPE pol yner
resul ti ngworn3a207PPE pol yner contai ni ng ali phatic unsat ur aticarusozmgsi si ng

the formula (M1): QL @ QL @ R-100 G (RCR3-1 QL @ QA @ (V1)
\R4 j Each of Q, @, n, R, R2, R3, and R4 is as previously defined and |

CONPr i SeS[M3INANGE: r@btiiRh UES e RPPEI JofyrAdt aAl ek A Aphodpidiéd and 110
dependi ng[l n large part on the I. Vﬂx}% t he PP%g?gegﬁlﬂ\ﬁ?ogg% deiti onal |y,
mul ti pl e b¢lpphati c unsaturation can also be introduced onto the PPE

pol ymer through incorporation of branching agents and/or coupling agents
into the PPE pol yner backbone structure such that nore than one end of the
PPE pol yner contains hydroxyl groups for cagping. Such branching agents
and/ or coupling agents are known &n th|e art [[and |ncI ude conpounds such as,
for exanple, anmeyil hydr oqui Aog Ce/£r$Q_LVF dritxy ol. -11 WO

03/ 020781 030] A rgaction a bgtween a PPE pol yner and
cappi ng agent ( is picted below 0O H3Q cu,/CH3 DMVA. 040 _0 _gH + CH2

)
CH2 Poly pfﬂﬁaw]'e,@ia%e{ﬁ&hﬁb (PPE) I\/bt@%gig%lc ia&y@i@!})&%i de(MAA) H3 0 fH3

7 P
www 0 0—C—C=CHy + HO—C—C==CHj,

Methacrylic capped PPE Methacrylic acid

[0031] Ester formation occurs between a phenolic end group of the PPE polymer

and a carboxylic group of the methacrylic acid anhydride.

[0032] The amount of the above mentioned end capping agents employed is
preferably that required to provide, on average, at least one end cap for each PPE
polymer chain. The mole ratio of capping agent to hydroxyl group per PPE polymer
can range from 0.5:1 to 10:1. These reactions are typically performed at a temperature
in the range of 0°C to 100°C in the presence of a catalyst, e.g., N,N-
dimethylaminopyridine catalyst (DMAP). The end capped PPE-MAA polymer
typically 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 as measured in chloroform.

[0033] The PPE polymer containing an end cap having at least one pair of
unsaturated aliphatic carbon atoms is capable of copolymerizing with other
monomers, polymers or copolymers having a pair of unsaturated aliphatic carbon
atoms by conventional free radical polymerization techniques, typically with an
initiator, such as those activated by the application of heat, U.V. radiation or electron

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

-12-



-Cc=CH2 + HO-C-C=CH2 WMethacrylic capped PPE Methacrylic acid [0031] Ester
formati on occurs between a phenolic end group of the PPE polyner and a

car boxyl iwogsospf the nmethacrylic acid anhydride. [0032pCThsozn2ent of

t he above nentioned end cappi ng agents enployed is preferably that
required to provide, on average, at |east one end cap for each PPE polyner
chain. T io canni f er | ymer
can 1 ange P oaepliBlE) TR R e e e TR et ot a
t enper at upaymen calelso argebyofondehtianallid@ic pohyrhdrezapor,sens erandferanddivangy/ st |

e.g., N N dinethylam nopyridine catalyst (DVAP). The end capped PPE- MAA
pol ymer ﬁvwmé&ﬁhvﬂﬁagvaﬁonﬁ%hpwg?% vi scosity between about 0.08 dl/g and
0.60 dl /g, at 25C as neasured in chloroformand nore preferably between
about 0.1 g I [ &dpr m

[ 0033] Th@mggé pg%gégﬁpg&%gﬁﬁﬁYﬁgsgﬁ‘%ﬁhaggﬁﬁﬁéﬁﬁggHgﬁ%dégé?H%ﬁg pair of
unsat ur at eith a) stptreat kod wylbomnlatmrmmess cralqt)esmrenevﬁcmomtrily wepdlgheg onkt h ot her
nononer s, polgpers or copol ynmers . havi a pair of unsatur ted a|lﬁ£atlc

carbon  a? ERFEDIBYLILANAETERGARRY OpHIZE CPR Vl@seis wepﬁaﬁn@&ﬂw taefa/iﬂw g
typi Cal ! y nﬁm@.n.Th'e PP }?cfl%er %m@#@gg@o%ﬁh IR ©hrBVidl hﬁo applidcation of

heat , A Iration or ectron lation.” An ‘exanple of a suitable
init i at Or51teS 8¢ BiNnind, &oésdiakdi Mixtut& MOnORS-024(p¢E8 P PRCIHaliS0R/d 1B thains

i sobutyronitrile. The initiators are typically added at O.Iwt%or less. The
PPE poIy%ﬁWﬁ“@éﬁWQPE8“¥%&Rﬁﬁaﬁ§m€@HVéH?“bnal i oni c pol ymerization, atom
transfer and living free radical, polynerization techniques. [0034] The

PPE pol YRS }CM t *‘rh%u N 6AREréHe aﬁpaell YOI Z Gflitk TbafiOBd WeRtdOMromi th a)
styrene a acrylonit e nonorrers or b) styrene/acrylonltrlle copol yners

or ¢c) a ﬁmﬁumaatmmnumé;stymgnahgcrg%em:tmmﬂe agplohymier s mogbmEeBNeonoONONer S
and acrylonitrile . . . o
styrene/acrylonitrile copolymers or combinations of styrene/acrylonitrile copolymers
with styrene monomers and/or acrylonitrile monomers.  Styrene/Acrylonitrile
copolymers (SAN), also known as poly(styrene-co-acrylonitrile), are simple random

copolymers of styrene(s) monomers and acrylonitrile (AN) monomers.

[0036] A formula for a Styrene-Acrylonitrile segment is shown as formula (VIII):

*ECHQ-— HﬂCthﬁ:H}
n CN-m

(VII)

wherein n=0-100 and m=0-50.

[0037] The styrene/acrylonitrile copolymers (SAN) that can be copolymerized
with PPE polymers are preferably simple random copolymers of styrene and
acrylonitrile monomers, optionally containing other monomers known in the art to
copolymerize with styrene and acrylonitrile. PPE polymers containing two or mofe

end caps is believed to form crosslinked chains between SAN copolymers and the
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nononers. The PPE pol yner chains nmay have two end caps to provide two
reaction sites for formng crosslinks. M xtures of nono-capped PPE chains
and PPE cWweion®2078pnt ai ni ng two or nore end caps are al so ®s&fush2/1426035] The
segnents of styrene and acrylonitrile units can be derived from nononer

m xtures conprising styrene and acrylonitrile rmnorrers or

styrene/ a(}\JP%l O% S?:glle o%%peo (gxﬁéﬁleof’Plg %Rjnpe"%tlk Pk ra ed w1¥h %}rl]ee/%gl%ll’mglaggl trile

copol yners ene r's and”o acry | onPY

Styrene/ Ageyldiiritd Lhigs t&@@ﬁ{ Y N&hSb- (ﬁéN)rucﬁPé leﬁnﬂl\(WPI% polymer segments
pol y(styrene-co-acrylonitrile), are sinple random copolyners of styrene(s)

mononer s dprning thel “dedtht M@e(CAN}) Mﬁb‘?ﬁérﬁgd PR 887 hylirgro mmmsmrthfaPP
Styrene- Acr I oni t&ﬁl e ment bstho gor mul.a (MI11): ~CH2 g:HZ Hn
e B e . 785t GEashOh [ 055 #fo¥rise) monare

styrene/ a%nyér@VHchlédlﬁll&@leiﬁﬁﬁs m%&ﬁpeah&ms FAPMBLTFRB Padt B thez@PineWM t h PPE

polymers are preferably si rrﬁl e random copol yners of styrene and
acryl oni t of the qeoroymctire gigtt @mlhayryélgrdpabln|bﬁgdSot(Hr@ss -hoidogrbetsveRmoinbi n t he

t t ' th st tril
g{)nt alonl népo rr%;claz \émechfﬁ%dytrgg‘glcﬁegsebgl ﬁe\%&%gslt]%gr IanFeI%erc,sr% EP*‘I‘H@E\G“%{FI&I ns
bet ween Sﬁh‘nﬁgE%Mﬁ@ﬁr%oﬁ@@uﬁl@ﬁondsjo% HO D3RR O, E’ET/oH%Qﬁ{ HaglchdsPPE. Wth

only one end ¢ap, the PPE polyner is intéegrated with the styrene and
acrylonitrile units to forma conb-type structure with the PPE pol yner
segnents [0&8ki ngTQ W@Wd@@pwlymﬁrlzaﬁ@nc@wbcow mﬂsh@lﬁag sapss, tot femhgdr oxyl
groups on

mononer s sheoeey pehEL B PPt BB alPl Ve app AbORo Db Ertr
forms par toBindr NRadmB) Mhich is available for reactlon with the SAN is controlled. The
amount of PPE resin in the reaction medium is preferably kept in the range of 5 to 20
wt% based on the total weight of the PPE resin and monomers, i.e. the styrenic
monomers and the acrylonitrile monomers. It has been unexpectedly discovered that
at levels above 20 wt.% loading of PPE resin, copolymers which are miscible with
styrenic polymers are drastically reduced. The PPE-MAA and SAN typically do not
copolymerize together at high PPE polymer loadings, forming separate polymers in

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

[0039] Typically, the amount of end capped PPE resin introduced to the reaction
medium is 5 to 15 wt %, based on the total weight of the reactive components. More
preferably, the amount of end capped PPE polymer loaded in the reaction medium is
10% to 15% by weight, based on the total weight of the reactive components. Despite
the low loadings, 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

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



of the conb structure via the nethacrylic double bonds. Cross-Ilinking
bet ween conb structures can be expected to increase with increasing
nunber s oWvoRBRE2qe8l ynmers havi ng car bon-carbon doubl e bond®corusoties2pol yner
chains, e.g., on both chain ends. [0038] To provide copolynerization and
control crosslinking so as to forma copolyner that can be nelt processed
for subse g I L NG,pplh r : i igh IS
availablegggﬁf?ggﬁﬁggﬁgjy?%??ﬁggéﬂkiﬁgr@%ﬁFP F%gg,$%ggag%g n?ggf PE resin
in the regadtivery WigdliTym msardadigan @aktess kepe Tigoftd®eNrange of 5 to 20 WM %
based on the total weight of the PPE resin and nononers, i.e. the styrenic
nmononers and the acrylonitrile nononers. ét,has been unexpectegk%
di scover etPM¥hht Al ieywcuireghe copplymersopt Buyihgnaen ppE be ddenled Sbit1 yrrer s
whi ch are_j.sei bl i i ; ncal The
PPE. VA At o e S BER RRTBIRIRL In b EShore® Aol EE Dot yrrer
| oadi ngs, Bhebsury ngixsepdihat @ppbimefeos thie intdmeioneadt thenstyrenic whincforare .
isolated from and settle separately fromeach other. [0039] Typjcally, the
anount of S¥RRRLMHERP e blead; whichdy ptlcs gmbgdinyat phtes inyentiogedivithsti s 5 to
15 wt % : t t : ' of th '
pref er abl I PRicadsae Sp Rl Sy htBef BEbuctR GEPRRIERHEmNRE, | o,
medi um i sthelddPfehio rdSfmbyhenein@hface, fagkst joiminghietcopallymeeaghbtyedhid Resint eact i ve
conponents. Despite the |ow | oadings, the PPE segnents can coqgrise up to
B

80% of t hBeadsyRd herblendyare ygiicgHy farpest fog dydheyrias!t pEacrising. ahbe biEREAaT al |
within the range ofpd IR 281 8k a%hﬁb rcx%ﬂ\%régﬁém Jrgﬁ?rTg.er%l |’!a%§capf t he
e Mt S O an

copol yner s 1 ncreas i'ncreasi ng Teve ypical I'y Tange from
144C to 1¥fatol QRPpordtee MRRISANTEOPRby Madisalofnitistos willv révidn for ftee t he
advantage of being mnmiscible with styrenic resins such as SAN, resulting in
a conposi PPlameriaatwnrefrapytunscacted avinyd gyevmoarthe qressrlivked pekyper or gadhe i ve
qualitiessp&mfﬁg.nparticuIarIy fire retardency and a relatively high Tg. By
relativelyyﬁléh *g is neant a Tg in excess of the Tg of SAN.

[0042] The styrenic resin that is miscible with the cross-linked copolymer
preferably comprises about 5 to 95 wt % of the total composition. Amounts in the
range of 50-75 wt% are particularly suitable. The styrenic resin is typically
polystyrene (PS), expandable polystyrene (EPS), acrylonitrile-butadiene-styrene
(ABS), styrene acrylonitrile (SAN), styrene butadiene rubbers (SBR), styrene-maleic
anhydride (SMA) copolymers, alkyl methacrylate styrene acrylonitrile (AMSAN);
polychlorostyrene, polyvinyltoluene, rubber-modified polystyrene (HIPS), and

combinations thereof.

[0043] Indications of improved compatibility include resistance to delamination,
improved physical properties such as increased tensile and impact properties and a
stabilized morphology between the blend component 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 sufficiently flame retardant so as to char

in the presence of air at temperatures above the glass transition temperature of the



[0041] At this juncture, the copolyners of this invention can be bl ended
wth styrenic resins with the use of conventional bl ending neans such as
an extrudwp 000281 Banbury m xer. The copol yners of this i meegntSoom2and t he
styrenic resin forma conpatible copolyner blend, which is another

enbodi nent of this invention. Further, it is believed sone crosslinking

activity ceur tyween he I n e styren.c £esin at
fheir 1t YR dAF HBSR bt aimeBARE L A feighiificd bl EMEntaRl "2 s
of the bl gichods.e typically formed for further nmelt processing. The bl end
can further have other conponents such as fiber reinforcenent and/or a
free radical _initiator incorparated ther% The free radi.cal initiator

wi Il provi®85t or Theeconysifions ioF SHFGHC BSIN ;aq@n@@ab@&(sw JHiS FMEORY on t he

cross-|inkad : - héhd B 9 d; r&Ri ge resin
that is mlgs%cftﬁﬁ!é%é\n@* ﬁ%]ﬁgtﬂz:]yc}s?sz }ﬁﬁigﬂ copo ynerlgggrzge?g%]%%“c%npr? ses
about 5 t mafAffestdd By okinpleeglhsttadnstionpaspdratore. AnDgasstramitidhetempanmmee of 50- 75
wt% are particularly suitable. The styrenic resin is téfi cally polystyrene

(PS), expahtgdledgsitypieally dseveepphs glagt rgnsyin ePpeapie Q8 e dYeRig fei” ( ABS),
t e o iy . ,
St 0rene. aELh BTG PBe O Rk DG AP B SRR BB PR Font e

acryl oni t el BeddAVSEMYy: has RHeYCAIS OF RBMh B Burd@katyd thith § dagene,
rubber-nodi fied pol ystyrene (HPS), and conbinations thereof. [0043]

| ndi cations of inproved conpatibility include resistance to del am nation,
i mproved P61 calTher spewppsiisn sat hthas presente avvedtionnedn econtadn i agshieqnal

properties and a abj | i zed, nor.phol o bet ween e hl.end .conponent phases
under jstaf‘?rﬁp%{‘r‘m}’so(}%}t]qrgb\?n é’ﬁé&'ﬁe%‘gﬁﬁﬂ %qpory%&ﬁﬂﬁhh‘l:’ ﬁgd@Sﬂ%]ngfqupg%nqséf this
i nvent i oncgAfoeriveRinbthbl MREnSREARICHRNh. PoPBRINpIESthe WOIIdWAHE réh® Meebof

hal ogen and preferably, is sufficiently flame retardant so as to char in

t he presehlkcedofthaiewitht t enper at ures above the glass transition tenperature
of the -15

[0047] polyphenylene ether homopolymers without end caps as described above,
polyamides as disclosed in U.S. Patent Nos. 5,981,656 and 5,859,130, polyarylene
sulfides as disclosed in U.S. Patent No. 5,290,881, polyphthalamides as disclosed in
U.S. Patent No. 5,916,970, polyether amides as disclosed in U.S. Patent No.
5,231,146 and polyesters as disclosed in U.S. Patent No. 5,237,005.

[0048] Additional component(s) that may be added to the blend of thermoplastic
resin may be an impact modifier, flame retardant, plasticizer, antioxidant, filler,
conductive filler (e.g. conductive carbon black, carbon fibers and nanofibers, stainless
steel fibers, metal flakes, metal powders and the like); reinforcing agent, (e.g. of glass
fibers), stabilizer (e.g. oxidative, thermal and ultraviolet stabilizers), antistatic agent,
lubricant, colorant, dye, pigment, drip retardant, flow modifier, blowing agent or other

processing aid.

[0049] A suitable impact modifying material for polyphylene ether resins includes
natural rubbers, synthetic rubbers and thermoplastic elastomers. These additives are
typically derived from monomers such as olefins and may be homopolymers as well

as copolymers including random, block, graft and core shell copolymers.
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WO 03/020781 PCT/ US02/ 16261 conposition, and has a V-0 flanmability
rating, as determ ned by conventional nethods. [0045] The conpositions of
styreni c wesB/tw$l and copol yner(s) of this invention arePsufiSovient |y
conpati ble so that the blend has a single phase, which can be nmanifested
by a single glass transition tenperature. The glass transition tenperature

y a single glass t 5
Ctyroni o P00 ERofdiny e RETBLRRRAR PR L AR ERERFDVIR DL 100

styrenic resin pi ca

to about hédhbds Huhishaventiohhe: & thodederglisaatiuye 0%, andartuddipstyetiyl e,
tenperature greater than 125C. [0046] The conposition of the present

i nvent i onpd¥opyereadnd pedvibetiudyiene Witl pprderasst Roreenedymern aingelysthyledsi ¢ resin

d | The additional j
ther mopl bt PEE (bain LG Sy e BPERE Br PR aRhR! RO AT MBI E e
t her ewi t hmdddQ4 denbi®) yoReMYlcRAE Rt hettatiRopBIpplopIRAS VB cbididt extitplesaps as

descri bed above, polyam des as disclosed in U S. Patent Nos. 5,981,656 and
5, 859, 130polpdefymrepinsrraitalsla|fpi vssindbe arasentoguention ae defimgh ianly. SNBatest 290, 881,

pol ypht hal.an, de: isclosed. jn . 5,918, 240, et h

b o aggr aerodBh POEREE Ral Lt ipoee BT dhu it a BRE

di scl oseds bso ks4£4, 1R8l038tandNa.582,3387, 005. [0048] Additional conponent(s) that
may be added to the bl end of thernoplastic resin may be an inpact

modi fier, flame retardant, plasticizer, antioxidant, filler, conductive
filler (el0§51kondiberisptakdamipseriabi fslimpaetrpedifieatisarisclydricommestqdodipne
stainless, steel fibers, netal fl|ake net.al . I n i ;

r ei nf or ci lﬁ(ﬁn%Pgo ?r_s (33(1 éd.nd8'fn C_é’lp_glgrsn “T¥ i Ber < ]?S ‘QF@‘@??’?‘SB‘?‘E‘%S’T’%%U%Q?S‘Q ive,
thermal aggredd LopMiRkRL betaaRhé-a&9Ia%d coflhéh alsofreagaidbutend WbpdlGRBLLs,
colorant, dye, pignent, drip retardant, flow nodifier, blow ng agent or
ot her prddesss hgadient. pdlpoas)] busadiene aohyleniinitp etymestiand pelyiserrers: i e f or

pol yphyl ene et her,. resins includ tural ~rubbers, synthetic bers and
et opl aGtTeE: SrasErarCcoi 8T dar DiRE L 1 dmii o™ Copob itk
of ethylene, C3;-C;; monoolefins and non-conjugated dienes, such as ethylene
propylene 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

generally falls within the range of 0.25% to about 7% by weight of the composition.

[0052] A particularly useful class of impact modifiers with conjugated dienes
comprises the AB (di-block), (AB),-R (di-block) and ABA’ (tri-block) block
copolymers. Blocks A and A’ are typically alkenyl aromatic units and Block B is
typically a conjugated diene unit. For block copolymers of the formula (AB),-R,
integer m is at least 2 and R is a multifunctional coupling agent for the blocks of the

structure AB.

[0053] Also useful are core/shell graft copolymers of alkenyl aromatic and
conjugated diene compounds. Especially suitable are those comprising styrene blocks
and butadiene, isoprene or ethylene-butylene blocks. Suitable conjugated diene
blocks include the homopolymers and copolymers described above which may be
partially or entirely hydrogeneated by known methods, whereupon they may be

represented as ethylene-propylene blocks or the like and have properties similar to
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typically derived from nononmers such as ol efins and nay be honopol yners as
well as copolyners including random block, graft and core shell

copol ymerw0 0308070 03/ 020781 PCT/ US02/ 16261 [ 0050] Pol yolpefriuse2/md2z6ch can
be bl ended with pol yphenyl ene ether resins by the nethods of this
invention are of the general structure C' H2" and i ncl ude pol yet hyl ene,

pol ypr opy. e j t e f g
pol yet hyl Jgﬁ% OPE%BE%L% ﬁ?gﬁbly+§§v dme;ﬁe{)%o iﬁéeﬁya?eneE I}ﬁlgggé(sﬁ@égnﬁ density
pol yet hyl sipiey- meM?PEtyrérm?qjabtmﬂéﬂﬂmstWeml\yﬂt] hyplene,) vyl xykoi adnidc vinyl
pol ypropyl ene. Specific exanples of | yolefin resins suitable foy use in
t he presemphthaleant iTha biack ceewmapiefpreblgcmlﬂatnérﬁom eput 35 g 80%gdkeny! 093 621,

3,211, 709 46 6, 8

4 106, os=ramats ek s B ApG s vidfe, Caivmer S i g of ontde;

modi fi cat p@ybutméned@lwﬁm@at(sﬁsw eﬁﬁirommﬁm y@mtgreaa@oryaaﬁomeopol yners.
Exanpl es | ncl ude pol ybut adi ene, but adi ene- styrene ¢

0
but adi enePdrsiyicag & | mbﬁ@’feﬂew@ﬂmeﬂes%mfﬁﬁ%ﬁ d§b§l y‘ﬁérBO]}’(aB’r]ilPDrl ne

“pact - noBEy ERE ROl ARRI e R B Bl o Y PR S ROpHASRFTy T
Copol yner gaiigblc @LibNLIE BEhol frierEhid mmlﬂm@ KRA TOR-Y a0 ERAEONP @nes, such

as ethylene propylene di'ene nodified rubber s (EPDM) are used in snaller
amount s oferies gronaBbelt Chemidd Coney,andWEVHRECHagredAshi Chemigel idustaf t he

t ot al ng ion. This anmobunt generally falls within the range of 0.25%
to about %sfbtg wei ght of the conposition. [0052] A particularly useful

cl ass of inpact nodifiers with conjugated dienes conprises the AB

(di - bl ockpoos541°B) .Gtheradddivephvdicdn) mansk MHBOdudedihroRhOBkhddb o]yﬁﬁP@lhdmerS

Bl ocks A and A" are typically alkenyl aromatic units and Bl ock
t ypi cal | ystareomn;eavgnao%dnedq:lemeduth:ntmbranld@cﬂarn@p@m&dmskn@lwnt Wetmo’ﬂrffrul a
(AB),,, - i nte

t 2 and ifu upl i ng
agent formf]r‘r'é] 5 g@?% bé?t“?eﬁiehlaécfr?%{?t HBPABSS 'R &ulibdd 1178 PG 18
5,461,096 and phosphorous compounds as described in U.S. Patent No. 5,461,096.

Other examples of halosubstituted aromatic flame retardant additives include
brominated benzene, chlorinated biphenyl, brominated polystyrene, chlorine
containing aromatic polycarbonates or compounds comprising two phenyl radicals
separated by a divalent alkenyl group having at least two chlorine or two bromine
atoms per phenyl nucleus, and mixtures thereof. The level of flame retardant can
range from 0.5 to 30 wt% and preferably provides a V-O flammability rating as

determined by conventional methods such as the one described below.
Step 1 - set up the equipment to verify flame height of 1.9 cm.

Step 2 - verify the flame will heat a 1.76 gm copper slug from 100°C - 700°C
in 42-46 seconds.

Step 3- position a specimen such that its low tip is halfway into the flame.
Remove the flame after 10 seconds. Record the time for the specimen to self
ektinguish. Reposition specimen in flame as above. Remove after 10 seconds
and 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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[ 0053] Al so useful are core/shell graft copolyners of al kenyl aromatic and
conj ugat ed di ene conpounds. Especially suitable are those conprising
styrene bWook®2078nd but adi ene, isoprene or ethyl ene-butyl ecg/ushwodest
Sui t abl e conjugated di ene bl ocks include the honmopol yners and copol yners
descri bed above which may be partially or entirely hydrogeneated by known

The 11 ke 08 aw R TerC v RS hB8 R s N So Tk bR RRE Y 1 6563 '
t hose of @hﬁgkw bh eekasepal ymeom 0The 68U bablagial kemel taglosmiposiionnc| ude

styrene, al pha-nmethyl styrene, para-netg%l styrene, vinyl toluene, vinyl
xyl ene anBrefrred ameisphrangr fiem 3Tke 3BYowrighbpsit itgblef reAQIENE PRSI ns from

about 15 to, 80% al kenyl 16 MNits, aml e f triblock co yner s . of
this type s¥ ep%aiﬁgf’é]t ?_ Erﬁe?{%g‘?‘égutﬁ%ﬁr%nggﬁg sf/sstteg??efﬁ)eers( S )n,]etﬁk/a(r)agg&enat ed

pol ystyrepanip@d fkué. agiieBe: nonPPbsisyin6Ranic HHBR include mica, clay, glass beads,

pol ystyrene- pol yi soprene-pol ystyrene (SI'S) and pol y(al pha- net hyl

st yr ene) - gla$syflaloger graphipg| ajiminpahydratey lcalstupr earbpnaté&Exsihigd, daoloh, egrrerci al |y
avai |l abl e i bl ock copol.ynmers .are 1 he CARI FLEX KRATON an RATON(r) G
series fr a§h&ﬁ?”%ﬂ%ﬁf%&Pnt%Hﬁﬁ%Q&oﬁﬁﬁD 'Tﬁé???@ﬁF%EQﬁ%géﬂgﬁﬁygrSIndustry
Co. Ltd. [QOSALmQAWRE!0.86¢H &3 W@, Whi ch may be introduced into the blends of
copolymer and styrenic resin of the clained invention include flane

retardants known in the art including halosubstituted diaromatic conpounds
as descri B986] n BigneRamapialshde intfodredd 00Gtheridensh of persl e and spoenmes as

described in U S tepnt No. 5,461, 096. O her anpl es of hal osubstituted
aromat i ¢ F?Qn@*f%?ggﬁéﬁsea HV?ﬁV@éHXﬁﬁ?ﬁﬁéuab?%ﬁﬁﬁgg%ﬁugﬁ%ﬁgﬁéfmﬁﬂ?orinated
bi phenyl , pREEMAREGE RYINRLY HRNRIe AR QLTHAE, ziHe WxiieNAmiD nALMARIN Gxide.

pol ycar bonat es or conpounds conprising two phenyl radicals separated by a

di val ent &likebhy UVgstebipzéraviahgleat.6ddmseylt iagpreinblsr ilkencdaningmiorphelanes  at ons
per phenyém(p l%lgnlzgtl#]sa’zolg.n %ugrt]af)(lte lél{)tei\osxi1c:12?nef\sr Fn%iljde r;/?holx%\/lvaerllin%];, }Iirll&rrrgd Ir)l?etn%fs(,jant can

benzofuranones, hindered amines, aryl phosphites and alkyl phosphites and are

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

[0057] Suitable flow promoters and plasticizers include the phosphate placticizers
such as cresyl-diphenylphosphate, triphenyl phosphate, tricresyl phosphate,
isopropylated and triphenyl phosphate. Chlorinated biphenols and mineral oil are also
suitable. When used, the amount of plasticizer typically falls within the range of about

1 to 10 wt% based on the weight of the total composition.

[0058] Blowing agents may also be introduced into the blend of copolymer and
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
dioxide. Other blowing agents suitable for use in this invention are solid at room
temperature and when heated to temperatures higher than their decomposition
temperature, they generate gases such as nitrogen, carbon dioxide, ammonia gas, etc.
These include azodicarbonamide, metal salts of azodicarbonamide, 4,4’-

oxybis(benzenesulfonylhydrazide), sodium bicarbonate, ammonium carbonate, etc.
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range from0.5 to 30 wt % and preferably provides a V-O flammability rating
as determ ned by conventional nethods such as the one descri bed bel ow
Step | - wetosp78he equi pnent to verify flame hei ght of 1pr@Tarsp2/Biep 2 -
verify the flame will heat a 1.76 gm copper slug from 100C - 700C in 42-46
seconds. Step 3- position a specinmen such that its lowtip is halfway into

the flameqy, B%P?P/t%s&@lﬁrgwaﬂgﬁs iAfth€fant0oPG s 06 pax?@sycv@%gphﬁertﬂo%aift%yt he

specinen to se ext I'ngui Reposrtion specinen 1n flane as above. Renobve
after 10 sephndSthesrdmpplasticdesihe time for the specimen to self extinguish.
Consult Underwiters Laboratory U L. 94 test protocol to classify material

based on 1| recqord. -18 WO 03/020781 PCT/US02/16261 [.0055] Rei pforcing
agent s suLOngg]s glcﬂheg’]‘?qdé&%o ¥nfeAndStyenyf gesty 814'%’Fé’fee°‘F’§Hf"§/em Hﬁ?‘b@%d in an
amount of 9 ' t iqbd @ ferred
aount s T B e S e R T o

i ncl ude car tbstributer mjxikKE\AoAR(to )didpetse s cat@inehesd tixd elehd.f Theesraied net al
coated graphite fibers. Suitable non-fiberous i r}1]or anic fil]er iglcl ude
mca, cl a§an Rf HyBLlsSSaY X tyery aftlwé‘?(%"s“?‘”@”éb‘rﬁrt (L%r © SPRRPIFIR My b éf"é, cal ci um

carbonat e.,.s b% ifgﬁg?t%atﬂki&trugér UM ot kidha m%lt?lﬁ? USRS SRV GHiBRAISfebd cat e

(Wl | astonite ective anounts for these ers range from about 0.25
to 60 W Yhorjp2056d thei e tnsoreagdiabsd chmpbmdntochmosther bt fedtihehdianredsedf

copol ynmer and styrenic resin an(gq,i ncl ude thostg c?nv ntionally known such
as titani HPRRGF kP dePMA POHIIBEHEd ¢pvansireansy preffstly attahing ibhendscompopepty zi nc

sulfi de. £icy0ldlerAnRRIBERbIRONIBe mSui\A GintNeGhARNehi2fIoF 16 el ude
4, 6- di benzyl IPesor’anO?Se, al E‘gn{ﬁ}) amageen%r pgéﬁenes %m gnzsé)?rofazol e.
Sui t abl e #RtingXhtdand extiudet.ude hydr oxyl ami nes, hi ndered phenol s,
benzof uranones, hi ndered am nes, aryl phosphites and al kyl phosphites and
are referably used jn an anount of 0.1 to 1 Wt %% .
P [0060] y The additiona] components addecjf to the bfénds of the present invention
can range from about 0.01 to about 500 parts by weight per 100 parts of the styrenic
resin plus the copolymer. These can include other thermoplastic resins, processing

aids, fillers, pigments and reinforcing materials as discussed above.

[0061] The blends of the present invention can be used for a number of purposes,
including use as a prepreg or a sheet molding compound. The compositions of this
invention are suitable for use in molded articles, expandable packaging materials and
expandable building materials in areas such as the transportation industry,

biochemical industry and medical industry.

[0062] One of two methods will typically be used for copolymerizing the capped
PPE with styrene and acrylonitrile monomers, copolymers of styrene with
acrylonitrile, or both. They can be copolymerized using a bulk method 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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[ 0057] Suitable flow pronoters and plasticizers include the phosphate

pl acticizers such as cresyl-di phenyl phosphate, triphenyl phosphate,
tricresylwphospitat e, isopropylated and tri phenyl phosphateT/uSht/on26nat ed

bi phenol s and mineral oil are also suitable. Wen used, the amount of

pl asticizer typically falls within the range of about to 10 wt % based on

I
the weight of the total conposition Q05 | qwi ng agent s al sp be
i ntroduced FHPEMYHe PELERG Orbo?)cﬂaw?@{ &) lSog’tear'é'n _%@PH’CE?XWHSP _
| nventi O%ryéw-aa lofithe9 Wy Righ 2081p& s B &Q@ﬁeAC&QH&BB%Q tlo¥ sulfRQ, i n the
art such as | ow boiling hal ohydrocarbons and those that generate carbon

di oxi de. &} hely- blioylaloghalpénddied sepaaditly t6 orabiige thawesitisg suspersioronllar e sol i d
at room tenperature. and whe he?.t ed to tenperatures. hi gﬁer .gﬁarﬁ t heir
deconposi thegncal tpé?ﬁ‘fétl‘%&ﬁ#el?mg'i'\‘éﬁ/ 'ij’@hé\‘%%s‘g'g% 2R PRy 14 B HO™c ar bon
di oxi de, ' : g ' 1 (e t alts of
ﬁng?ﬁgﬁl l?&lg )Pﬂ)y}]g%;rﬁzgnblﬂcd Péiﬁ)fra%mgh %H&@Q"l%g%@‘%‘rdex%ﬁ Whers

azodi car bona nzenesul f onyl hydr azi sodi um

bi car bonadhepsiagrienieem tartethate, Tiet osual +deWOf O8A0RA 78hpPGTUr&)FOL 6261  The
anmount used typically is in the range of 0.1 to 20 (g)ar,ts by wei ght per 100
parts by SusRangion a5¢ ubuadlytsbreen Alaand 0° e ittatorsprig afderda the Emge 0glo-lcopol ymer
and styreni, i.n e _present. | L.Qn P, : i n_.am extruder
ani ch pr oVgp et enu8hghlE PSS T it AR CoRRR, HRips PERRRF dhg Tl

"di stri buhbNener MidplEt s$22 d@stribotich, spairsle drbjtetCayalorot andfredube phtteied. The
extruder can be a single screw extruder or a twin screw extruder. The
conponent agghimerpigony [Tap quspeasion stabidiger affeststnqetichs size aed shane as wsH\ae s onal
manner usin n ional feed hopper and the one or nore additional
corrponent(;sla'gtgﬁnge?rfl‘r\@rg;eﬁlgyf ed in the sane feed hopper or a separate port

| ocat ed downstream preferably after the bl end conponents have nelted. The
bl end conposgnt s Sampldoemethsdd for t bappiiperthe oRPBNg0LENgds,i @Fosklinkifigeci ng i nt o
the extruder. [0060] The additional conponents added to the bl ends of the
present i¢Apehmiesging the capped PPE polymers and isolating the copolymer product are

illustrated herein.
EXAMPLES
[0065] Example 1: Capping PPE resin with MAA

[0066] Charge a 3-neck round-bottom flask with magnetic stirring and appropriate
amounts of toluene, PPE resin (20 wt.% solids) and (1.5 wt.%) DMAP (N,N-dimethyl
aminopyridine) under vigorous stirring. Connect a water cooler to one neck and a
nitrogen gas inlet to another. Close the third neck with a glass stopper. Apply a slow
nitrogen purge. Place a flask in an oil bath stirring mechanism and let the mixture heat
to 100°C. When the PPE resin and DMAP are dissolved, start the reaction by adding
the appropriate amount (3 wt.% vs. PPE resin) of MAA to the mixture. When the
reaction time has elapsed (after 4 hours) remove the oil bath, water cooler and
nitrogen inlet tube. Cool the mixture down in a beaker with ice. After this, isolation of

the product is carried out.

[0067] Example 2(a): Copolymerizing the PPE resin in bulk.



can range from about 0.01 to about 500 parts by weight per 100 parts of the
styrenic resin plus the copolyner. These can include other thernoplastic
resins, pwooamsi7eg aids, fillers, pignents and reinforci RgTrsOEIG280 S as

di scussed above. [0061] The bl ends of the present invention can be used for
a nunmber of purposes, including use as a prepreg or a sheet nDIding

compound. (ba%, COTRRLL | 808P loubMhonl RYENLOR RERGHNAAPL S hBRodinge .

nol ded ar e packaging naterials Eah and

mat eri al SamBurk aamosblmbrsq&yieha sttyraﬁkswylbattﬂe)rnndmxtemyi (lesbthaﬁ hemt&’al
i ndustry and nedi cal |ndustré [0062] One of two nethods wll ﬁ pically be
used for eﬁmly\anﬂer Eilfﬁ@gtq{e‘o apipegonispia yafgs cepler apbnigacmassyinshaid i | e

Tonorer s, @)gﬁa YW Bi?m%%n ﬁ& ceV\{hteq]aslg?n{ XA aii Ibta{hI eln% 'le th %g&ﬁrei ﬂé}?).{o can be

copolyner? dsing a d Or a suspension ne

pol yneri zgafi @é%n@@rf&hbéﬁﬁjré)%d"@) mwgnt fhe PERGE IddoWed NAUbIues) stabitthé n t he
presence of a liquid monomer with initiator, [0063] SuspenS|on

pol ymer i zeatteon by addisy sheaprropristé ahilomin(éﬁia(? mel/k uslp@m@domr) af el BN

di t h d. Th
cont | nuout i aBasREnfunl ot avitt R ToEnERRSs B Pablu e, r o T
i nsol ubl epb ) Weh8le the oa(bamnfa?doaﬁ&Z%xﬁg 40P B PBdduct GinVESRAREH.ON

pol ymeri zation, a catalyst is dissolved in the nononer (styrene/
styrene-acrylonitrile), which is dispersed in water. A dispersing agent or
sur f act antQ069%. g ﬁj@mple 2B):nGppdlpohating thesPPAugsin is spweati@l.y to stabilize the
resul ting suspenS|on The chem cal properties of products fron1suspen3|on

pol ymeri z fer on,
Pact or wnitoROEnoded b Ehisd §2hab?fAS, Valp ot hiite e BINIBIERSL mhe
usual ran PB]SB&@&]F agbnttie MpREARUT S Qﬂideﬁr R6ntirfidGH SIMGIN ht 256 rpkEUThd Y

bet ween 4 and 9 nitiators are added in the range of 0.1 w % of the

nmononer oreabmms is Traed wuf actlaliter swtoe mnldelllrpbr @shitiiokers Atmdspherpi I dis

nonomer, droplet size |str|but on, | et coO ence. and reduce
particle so]u ton 1s dispersed a prev10us y prepare Igjlgfpesm (for g}\ﬁssuspensmn

in a monomer solution. After 10-20 minutes the radical initiator AIBN (0.6 g)
dissolved in ca.10 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 suspension 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 isolated by precipitation in
methanol and then filtrated over a Buchnner funnel and washed several times with
methanol. If the precipitation is not possible, the sample is first dissolved in
chloroform and then precipitated with methanol. Subsequently, the product is placed
in a vacuum oven at a desired temperature, preferably overnight to remove all the

traces of styrene, methanol and water.

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

copolymer and styrene resins.



aggl oneration. The suspension stabilizer affects particle size and shape as
well as the clarity and transparency. [0064] Sanple nmethods for capping

t he PPE pwbyam®e®Esl cr osslinking or copol ynerizing the capped/usPELIq26] yner s
and isolating the copolynmer product are illustrated herein. EXAMPLES

[ 0065] Exanple 1: Capping PPE resin with MAA [0066] Charge a 3-neck

r ound- bot fla i th net. Lol a i t g4 Of

ol Uene,  WBET careolo R, B (bl I R e B PR Tyl

am nopyr i diffeht @RS (loddiar)ouish SIAN.r iHigh nudlansat weigha{ldM VW podpped t(RPlone neck
and a nitrogen (I;;as inlet to another. C ose_the ihird neck wth a El ass

st opper. Rgipngsaloy swleyiar rpist (i e capiesdcBP L pofyaraes.i a9d Hopgiymerhap
stirring j t ] xt giqq.p \ém%lt resin
and DVAP gf%&lg{ygieg% \%’@é ,tlegt%%r Itrm f ﬁléérsgg\?ttpgtﬁgl%@&sgoé [ ngCOpt e gp\%&ogﬁﬁate
amount  ( 3rewdlt ¥ ¥SsindPPE gt @hiidh) indfcaldddhd presbreenifxd single phasn Biwnds vadct i on
time has el apsed (after 4 hours) renove the_oil bath, water cool er and

ni trogen fapped apgwcanpsd| LMNG PREx pelymer giwh HM W Bidarelymar vesuftcid, ™We t er

this, isolation of I o115 CalLl ppi0 ] ):

Copol yner ]%ts%sggst @é}Stﬁ%%FP gst‘?g%fgnv%ﬁﬁskoaosyvgq %E(%ﬁ;‘gggﬁgflﬁé%%b%@%%%i%l
[0068] Chagogebyd waiglt CRPE ahisitb Gotrom PPRSksini whh aa 10EIN&M. casShessuesd and
appropriate anounts of nonomers (styrene/ styrene-acrylonitile) and PPE
resin (| egdoroferm #@5W% of total) under stirring of 100 rpm Connect a

wat er cooler and nitrogen gas inlet and apply a slow nitrogen purge. Place
the flask in an oil bath and |let the nﬁ}%?eufe heat to the desired
tenperature (80C). Wen the PPE is dissolved in toluene, start the

reaction by adding the appropriate amunt (6* 10.3 cool/l versus nononer)

of AIBN ﬁé}?ﬁ%epi s isobutyrignitryle)sto thhe mjxturigg Wien the repction tine
i s el apsed—{atter—i
581 SAN 100 | 80 |60 60 80 |60 60 -
LMW PPE (uncapped) | -- 20 |40 -- -- -- -- -
LMW PPE (capped) -- -- -- 40 -- - -- --
HMW PPE -~ -- - -- 20 |40 -- -
SAN-PPE copolymer - -- -- -- -- -- 40 100
DSC (Tg Onset)
(SAN) second phase 103 | 105 {104 |[106 | 104 |104 |104 |114
(°C)
(PPE) first phase (°C) ND | 173 | 165 | 173 |201 |204 |[ND |[ND
TGA
2nd inflection 427 458 | 462 468 | 453
Residue a 2nd 5.4 346 | 295 27.1 125
inflection (%)

[0075] Table 2 illustrates the results using different loadings of PPE resin with
SAN in forming a copolymer, as well as higher (0.31 dl/g) and lower (0.12 dl/g)
molecular weight PPE resin. The results illustrate that at wide variety of PPE-SAN
copolymer can be synthesized ranging from cross-linked copolymers that are not
appreciably soluble in chloroform, e.g., samples 1 and 2, to soluble copolymers, e.g.,

samples 3 and 5. A product formulation having a less than about 40 wt.% loading of
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hour), renove the oil bath and cool the m xture down so the product can be
i solated. [0069] Exanple 2(b): Copolynerizing the PPE resin in suspension.
[ 0070] 60WOreB/obRl ed dem neralized water containing 1.0 gPpoluse2/mebal cohol
(PVA) -di spersing agent is heated at 75C under continuous stirring at 250
rpm The reaction is carried out in 1-liter reactor and under a nitrogen
at nospher I n_thi SQ i i S di ed..a. i ~ wt % PPE
resin (fcﬁ¥%#$F%ﬁ%§g%§P£%§We?%k%dW§§§%%?]g% Gf%§¥?§ﬂ§#§$qégg an:ldgtes t he
radi cal iprbtdsgih@thaltBNoi0Qués Bade Aiithand MigHer FPERadilgg acet one is added.
After a total reaction time of 7 hours, the mxture is cooled dowm to room
tenperature and all owed to sedinent overnight. If possible, the water

| ayer is decanted fromthe suspension and the product is given further
treatment as needed. [0071] Exanple 3: Isolating The Product (and
precipitating with nmethanol) [0072] The products of exanples 2(a) and 2(b)
are isolated by precipitation in mnmethanol and then filtrated over a
Buchnner funnel and washed several tinmes with nethanol. If the
precipitation is not possible, the sanple is first dissolved in chloroform
and then precipitated with nethanol. Subsequently, the product is placed

in a vacuumoven at a desired tenperature, preferably overnight to renove
all the traces of styrene, nethanol and water. [0073] The follow ng charts
illustrate results fromthe blending of the crosslinked copolynmer and
styrene resins. -22 WD 03/020781 PCT/ US02/ 16261 [0074] Table I shows bl end
characteristics using different PPE polyners at different |evels (Il oading)
wi th SAN. Hi gh nol ecul ar wei ght (HWN capped PPE polyners, |ow nol ecul ar
wei ght (LMAN capped PPE pol yners, and copol yners of PPE pol yners were
tested. The data show that bl ends of PPE copolymer with SAN result in a
single Tg; which indicates the presence of a single phase. Blends with
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capped and uncapped LMV PPE pol yner and HWV PPE pol yner result in two
phases as illustrated by two Tg val ues observed. The PPE- SAN copol yner was
ca. 20%wyp oaweght PPE nade froma PPE resin with a 0.31 IPCW/USag16meRsuUr ed
in chloroformat 25C. Table I Polymer 1 2 3 456 7 8 581 SAN 100 80 60
60 80 60 60 -- LMWPPE (uncapped) -- 20 40 -- -- -- -- LM WPPE (capped) --
-- -- 40 -- - -- HMWPPE -- -- -- 12,20 40 -- - SAN PPE copol yner -- -- --
-- - 40 100 DSC (Tg Onset) (SAN) séecond phase 103 105 104 1 06 104 104 104
114 (O (PPE) first phase (C) ND 173 165 173 201 204 ND ND TGA 2nd

inflecti Oilm R | 6aBeA02PA68 (403 sdiedl) e | Mn2nd Bwd 34.ohsad Pre27cl 12.5

inflectilp %  PERIRS]| LE@dzE sdiid dnlwagi rat s the resul t Sorg@cnigoslichfier ent
| oadi ngs PPE IEbil Wt SAN—TTTformng a copol yIer; as t1—as hi gher
(0.31 dl b) and%1éwer 400. 12 W% q) ol e¢cal ar_wei ght |PBE resfﬁ The results

illustrate that gb widg var|igjy of PPE-5AN copol ymemngan bp@synt hesi zed

rangi ng rom ctoss-linked—dcoepolvhers—that—are ot anpreci-abl \: do0l ubl e in

||||| o o ~ACA S A II\JL XpPpPTCCT

chloroforin e.g03lsan@les || @Wdd 2, to soROB4e| s&iP8| yidss, llg sanples 3
and 5. A producg ormuylatio aving a | eéss than aboyt_ 40 Wi dadi ng of
°23 W0 08} 020769 1RCT/ 802/ 16981 poE pl &t erabl'y abdd¥® 20 M&?.gl_oadi ng of

PPE resipsis m)()qzanr'rz@bl e t1Q)0rreI ting and311y DESRSOD Ny dshan| e gr oduct s
made w t p—t+he—Hhi UIICI PPE—+-aach TGS

6 0.12 20 150 17441 | 123792 | Partial | 114
7 0.12 20 150 18419 | 200229 | Partial | 114
8 0.12 15 800 16791 | 78992 | Yes 112

[0076] In order that those skilled in the art may better practice the invention, the
preceding examples are given by way of illustration and not by way of limitation and
can be repeated with similar success by substituting the generically or specifically
described reactants and/or operating conditions of this invention for those used in
these examples. The entire disclosure of all applications, patents and publications

cited herein are hereby incorporated by reference.

[0077] Although the invention has been described above in relation to preferred
embodiments thereof, it will be readily understood by those skilled in the art that
variations and modifications can be affected in those embodiments without departing

from the scope and spirit of the invention.
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-24 WO 03/020781 PCT/ US02/ 16261 Table 2 Sanpl es Capped PPE Total solid (g)
20% WMn Mv Dissolve Tg C PPE |V Loading solid on water for GPC (on set) 1
0.12 40 w0 03/020781 No 133 2 0.12 40 100 -- -- No 141 3 0OP8I/UX02/14261 20734
59404 Yes 111 4 0.12 20 100 -- -- No 109 5 0.12 20 100 13179 159692 Yes
114 6 0.12 20 150 17441 123792 Partial 114 7 0.12 20 150 18419 200229

Parti al l‘fv’f—l 2 PP 16791 78992 Yes 111271 [0076] In order that
t hose ski é%r &nét ﬁ‘éﬁart may better practice the invention, the preceding

exanpl es are given by way of illustration and not by way of limtation and
can be r elpeat@gpolynicn campridiag: success by substituting the generically or
specifically described reactants and/ or operating conditions of this

i nvention for those used in the'}g{ exar‘rgl es.. The entire disclosure of all

appl i cati ons, pat erfsPRHBNSINISPE € NS 3% herein are hereby
i ncorporated by reference. [0077] Al though the invention has been descri bed

above in relation ty pieiety 8 on8"QORIEREyFedeN8hROTacrilbnivilk lutpg 4iadi |y
understood by those 'skilled in the art that wvariations and nodificatians

can be affected in thossbieatiodiofsnrenewint hoytondepeawrtiisng from t he scope and
spirit of the invention. -25 WO 03/020781 PCT/ US02/ 16261 WHAT IS CLAI MED

IS 1. A copol yner £Q

wherein Iialo]syiaﬁ%ylene 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) at least one of b-1 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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a) pol yphenyl ene ether segnents, and b) segnents of one or nore styrene
units, acrylonitrile units and conbinations of styrene and acrylonitrile
uni ts, whwoeBdn2a’Be pol yphenyl ene et her segnents are deri vedTiusomasl

pol yphenyl ene ether resin having at |east one pair of unsaturated

al i phatic carbon atons, and wherein said copolynmer is mscible with a

styrenic LN .2, T i Iﬁigg i y.e r action
of : a) a&ﬁ%F@pﬁgﬁ§ %ﬁg‘gﬁﬁg%MggﬁﬁﬁiF“ﬁéiP g aﬁmgg{s% %ﬁ% @ﬁh&ggﬁéﬁsaid
end cap havieng dating eagtionne iPahd radfe WISALUMAYE basal bonhat@isweigandf b) at

| east one of b-1 to b-5: b-1) styrene and acrylonitrile nononers, b-2)
st yr ene/ atampasapts gifie copol ymers, b-3) conbi nations of
styrene/acrylonitrile copolymers with styrene nononers acrylonitrile

Tonomer s 3 4) ReORoN LA aidl NIRGLASHY bANLRI e opRR0l MR 8¢

styrene nononers conbi nati’ons o yrene/acrylonitrile copol ynmers
W th acrydeappinglagentononers -26 WO 03/ 020781 PCT/ US02/ 16261 wherein the
anount of pol yphenyl ene et her pol yner having at | east one end cap present
during reaction is in the range of 5-20 W% based on the total weight of
conponent$ a +The copolymgs %dﬁﬁ?ayﬁéﬁ VHISTGIR atjegstAng cappiRg @BFM CARPENT taps are
derived fqgﬂggglieast one cappi ng agent. 4. The copolyner as in claim3,
wherein af 2P one cappi ng agent conprises a ‘

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 resincomprises 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 dl/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.
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vinyl group. 5. The copolyner as in claim1, wherein the copol yner has a
conb-type structure. 6. The copolyner as in claim3, wherein the capping
agent i s welogorwsl fromthe group consisting of a nethacryCirasaviael
anhydride and acrylic acid anhydride. 7. The copolyner as in claim!l
wherein the pol yphenyl ene ether resinconprises a polyphenylene ether resin

havi ng at ] eas n . 8.. The i i i.n the
pol yphenyﬂ le'ne Iérpﬁecﬁéprgfggqeggﬁé%&gﬁhf r\?{% rgll%ﬁls?%eélol@(ﬁ;gsﬂf@é %%] E?l Aeeg}é\@ﬁ[ﬁglrrl@o. 32

dl /g as neasteddrdm sedthemoEanprisaig &eCor rAore Bhgemopnisya®@yloaidrilie minith andn 7
wherein the end cap is derived fromthe reaction of a capping agent

sel ect ed f FompinABoRFtHigHe dishadrdeniigeynitiet hyl net hacryl ate, et hyl

met hacryl ate, and nethacrylic acid anhydride with term nal hydroxy groups

on the p%.yphgné/o:pgg&e?tap% 8fa?rﬁi3nwhg'lgin t-dpng%a ﬁlﬂggagéﬁ?rhag%nj: gr ﬁo@é mnlyl conbi ned

with fiber reinfo nment and a free Tadlca Iator an avi ng-unr eact ed
vi nyl gr oppspoind Beeledtod fromi gredp copitiiper, wherein the cross-1inked
copolymer is capable of cross-linking by free radical polynerization with
an initiator activated by the application of heat, U. V. radiation or

el ectron beam FREN&ORSA MANPMeYRD 03/ 020781 PCT/ US02/ 16261 11. The/
copolyner as in claiml1, wherein the pol yphenyl ene ether segnents are

br anched fron1§ﬁgﬁ§&%§dﬁgg&5g§ing one or nore styrene units, acrylonitrile
units and a conbination styrene and acrylonitrile units. 12. A copol yner

as in claim3 wherein the capping agent has one or nore vinyl groups and
i s selected framyangriklpsalonensvérngndf : styrene based nononers, acrylic
based nononers,

epoxy based monomers.
13. A composition comprising:
ay 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 polystyreneresins,

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,
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acrylonitrile based nononers, and epoxy based nononmers. 13. A conposition
conprising: a) copolynmer conprising: a) polyphenyl ene ether segnents, and
b) segnmernwe® osomIBi Si ng one or nore styrene units, acryl oniPCaiuse2/uist s and
conbi nati ons of styrene and acrylonitrile units, wherein the pol yphenyl ene
et her segnents are derived froma pol yphenyl ene ether resin conprising at

| east one dm Ctﬁgdr ]S{eiei_ngrgQé: 8$rgﬂ)nitrr}f%vi§;§§/cﬁopo%im'}esn%; B#]&%?r\;yﬁﬁlaugﬁed r%ﬂep-.hat Ic

car bon afg , copot rrs styrenic resin,
and b) a §byifiedbelyst9fend, HalseFR0nbthoRtiyhee gr oup consi sting of

pol ystyreneresins, polystyrene copol yner resins and conbi nati ons thereof.
14. The conposition as in claim13, wherein the styrenic resin is selected
from t he 15gr ouphecenmaositiongingn clramylsk, ywhersen thexpedvithanylengyeshegrgesin ohéhe

uner s, <pyRaRet BN FRy S YoaRGLPa3 B0k Eene BRFRESRY' 0l KT

nmet hacr ylatgecst yrene acrylonitrile; polychl orostyrene, polyvinyltol uene,
rubber- nodified polystyrene, and styrene-nethylacrylate. 15. The
conposition an in claim13, wherein the pol yphenyl ene ether resin of the
copol ymer k- hasThencampasitios @ w deigs 3 yvhsrein disspelylienglese etier gesisfig@asured in

hi f . at 16. Th ition. I ' '
pol yphenyPiAs '€ Rartpa: i FriBinaRdy SRR Ll foiad dIFOSIR g, o,

i ntrinsi gn¥dsafeadsh tioriforgas2deltan 0. 20 dl /g as neasured in chl orof orm at
25C. 17. The conposition as in claim 13, wherein the copolynmer has a

conmb-type N _ _ _
17. The composition as in claim 13, wherein the 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 13, 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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structure and havi ng pol yphenyl ene et her segnents branched from one or nore
segnents conprising styrene units, acrylonitrile units and a conbinati on of
styrene wod3azo7gi onitrile units 18. A conposition as in @ecaiusndB26wherein
t he pol yphenyl ene ether resin from which the copolyner is derived, has an
intrinsic viscosity of about 0.12 dl/g 0.02 as neasured in chloroform at

25C. 19. e CAPOSHhbd Ly I o313 Whehel : et her
segnent s 2-lzicgorrprl sgéjgédéfg{bvleﬂa&cgglﬁn@ %‘%’gﬂ%’mr hgi&mlgﬁgﬂﬁgkg%?ﬁ%ge@%nposi tion
as in cl aiatficABinitist@r which isheappble \ohrensthiipea étch eadisd dpydrbts U. ¥orgdratiss, 50 t o 80
wt % of the copol ynmer by weight. 21. The conposition as in claim 13, wherein
the styr eti®eqe8ORMAIEHIOs niscible with the copol ynmer conprises fromb5
to 95 wt % of the total conposition. 22. The conposition as in claim 13,

wherein t st ' S| Lich i 1.SC] AR : conpri ses
25 10 T5vtbs of | Ena Ts e e e | o e s OO T 13,
further conprising an additional resin conponent. -29 WO 03/020781

PCT/ US02/ 26526 1The2ebmpblsgtioo @spodhin 25 lagmgradinge glessctranisimot 3gmparatuteer
conprising at |east one free radical initiator which is capable of
generating a free radi cal by. heat .V, radjation, or.electron beam

radi ati on’ '25.%%80@?)%5)&? ’(S’ng]é‘é’}1 izh{ ehsicH % eSS s IOPHEMRIARES Y i on has
a single Qﬁﬁiﬁeihera%?e of T°EQPNeSL i on as in claim?25, having a single glass
transition tenperature. 27. The conposition as in claim 26, wherein the
glass transition tenperature is wthin the range of 100C to 175C. 28. The
conposi ti2h asThexwhmisiiohds imbleineild, whereimahp osmposatmorhizes ashdatdistodtist ort i on

tenperature greater than 125C when neasured with 264 psi of pressure.
P tempgrature greater than 125°C when measurec{ wgh 265 psi o?"pr ssure. P

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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29. The conposition as in claim13, wherein the conposition is sufficiently
flame retardant so as to char in the presence of air at tenperatures above
t he gl assworoangi78i on tenperature of the conposition. 30. PCRASODN26EI ti on
as in claim13, which has a V-0 flammability rating and is free of

hal ogen. 31. A conposition conprising: A) a copolyner conprising: 1)

pol yphenyl ene t e or nore

Styr ene. uni t5, ShAnpr TP TRH StesRtudrh e T RO RisFRERE bR GBEC O o
acrylonitrile units, wherein the pol yphenyl ene ether segnents are derived
from a pol yphenyl engyregt bgjolymeas Bndb@niginatidnehgedfypiienyl ene et her resin
conpri ses pol yphenyl ene ether polymer chains having at |east one end cap
having a pair of upsaturated aliphatic carbon atons, and wherein said
copol ymer is ntséf o Wﬂoﬁlyah@tygﬁmsﬁﬂwrh@@m YRRH -30 WD 03/ 020781

PCT/ USO02/ 16261 B) a styrenic resin selected fromthe group consisting of
pol ystyree, SiNd aifpRRRAKTRERIANY, GRGRINIAL LOR%d REheOlicdftfiroflnatl | east
one pol yp enyl ene et honopol ymer . The Conposition as in claim3l1l,
wher ei n t freupt gomensiing raspolystgresel ex:;laﬂadab‘le qm]yshﬁenegrmn)donmisﬂmtadmgleof

pol ystyrene, andabl e pol ystyrene, rylonjtrile-butadiene- ene,
styrene aﬁW?P%nQWFP?@Cnég éﬁegﬂﬁF%&mgﬁganE RS “?F??@W@“ﬁépgw%y nhydri de,
al kyl r .

ol yvi my | B e R K o R B e RSyl ate
33. The cowpidedpobystyaane] zrndcﬂt;aenm ﬁhéthyi/dﬂ@ﬂzﬂen t he pol yphenyl ene ether resin
has an intrinsic viscosity of less than 0.32 dl/g as neasured in

chloroform at 25C. ... : . : :
gg. %he composition an in claim 31, wherein the polyphenylene ether resin has an

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 (.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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34. The conposition as in claim31, wherein the pol yphenyl ene ether resin
has an intrinsic viscosity of less than 0.20 dl/g as neasured in

chl or of orwoaB/2m€ 35. The conposition as in claim31, whecaiusor/ineel

pol yphenyl ene ether segnents conprise 50 to 80 w % of the copol ynmer by

wei ght. 36. The conposition as in claim 31, wherein the styrenic resin
which is mscifle i th the. capol yer, cg i Ses,. 0 tota
conposition. 3 ¢ “I‘?P\é%y@&%%s’int ?lg]rrln és Wlﬁreéﬁqgila%r?%lg?l??t Oér%\ﬂ%lggr]r%rei 5stlnﬁrg an

addi ti onalolyi& B pergiR@neBlik. 38. The conposition as in claim31, wherein

t he conposition Ras a single glass transition tenperature within the range
of 100C to 175C. 39. The conposition as in claim31, wherein the

conposi t 4 i sTheuedrobinesst asyinf ¢laime 2, véiesginidhe repstian of pobmienylenet efBepr esence
of air at_tenperatures above.the glass transition tenperature of the
conpoﬂiﬂg?.&g&ﬁpﬁﬁ%nggﬁ%g%PP9ﬁn as in claim31, wherein the conposition
has a V-0 flammbility rating and is free of hal ogen. -31 WO 03/020781
PCT/ US02/ 43626 1A nfethodaen@aRinglayspolyafer tompdsition cdbmpmsargei n the reaction of
pol yphenyl ene ether polyner is performed in bulk. 42. The copolyner as in
claim2, wherein the reaction of polyphenyl ene ether polyner is_ perforned
in sol ution. 48ading ferrb@hemiensaringy resit Jp) 9@6%@@?%%0??% g si ng:

| oadi ng : . L a reaction medi um conpri sing
styrenicast géﬁggggékgnﬁgg%ﬁgﬁPﬁﬁghgmhﬁﬁghers, wherein the anmount of

pol yphenyl ene ether resin loaded is 5 to 20 wt% of the total of PPE resin,
pl us styreni c winrenghs amplntsofaotyphemild¢mei dtieer mesio haded isahtd 2het%eiof thehe

pol yphenyl ene et her resin conprises at | east one
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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pol yphenyl ene et her polymer having at | east one end cap, said end cap
having a pair of unsaturated aliphatic carbon atons, and polynerizing the
pol yphenywerng/oat7Ber resin, styrenic nononers and acryl oni PCrluso2/n2enmer s
within said reaction nedium 44. The nethod as in claim43, wherein the the
pol yphenyl ene ether resin from which the copolyner is derived, has an
intrinsic,yi scesi f - .02 as - i form at
25C. 45. %%e neﬁ%%%ﬂgga?ﬁpé%g?ﬁiigﬂhéﬂgpg?ﬁg¥he aﬁ%ﬁ%ﬁégﬂeﬁbyﬁgkgﬁﬁlene

et her restdpolhmpadeidh iaSstyrehio rdsn wind%osrhidghiesatiofidm ofe tloel el fiphenytlene et her
resin, styrenic nononers and acrylonitrile nononmers. 46. The nethod as in
cl ai m 43, PMR&SBEN t he anobunt of pol yphenyl ene ether resin |oaded is 10%to
15% by wei ght of the total of the pol yphenylene ether resin, styrenic

nonomer s d a ity ! r = B B 13450 1 47.
The nethoggas ?ﬁyc g%%%%%ﬁlgg@?ﬁgf§%%ﬁgﬁpg$%§ﬁé$éﬁz|nglgﬁe cr%%%?ﬁfnked
copol ymer méiliukh andsthy pelyheric&iinris paiisinfedrinbolg. beads from the bl end for

further nelt processing. 48. The nmethod as in claim43 wherein the

reaction nediumis a bulk reaction nmedi um and tﬁﬁﬁpg%%neri ation is
per f or med49-n blhhkmenwd appp clapp #a gvhegep phecreastiananedingradidionpldy FNDS on

medi um addi;t i - i i.Qui.g . ' the, henyligne et her
resin, stgthﬁggﬁhﬁgﬁﬁggg’Q@Wﬁﬁ8wfﬁgfﬁﬁ§9%@ﬁ§ rggcor éﬂgﬁﬁgﬁﬁg¥#on t her eof
and t he poaloyomeiszatf i ©consbimeiohotheeebfi aind shs pgoighertzatiod3is performed in

suspension.
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