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BACKGROUND OF THE INVENTION
1. Field of the Invention

The invention relates to a novel process for the manufacture of functionalized

polyphenylene ether resin.

The invention also relates to the functionalized polyphenylene ether resins made by
the process as well as blends and articles containing the functionalized polyphenylene

ether resin made by the process.
2. Brief Description of the Related Art

Polyphenylene ether resins (hereinafter “PPE”) are commercially attractive materials
because of their unique combination of physical, chemical, and electrical properties.
Furthermore, the combination of PPE with other resins provides blends which result
in additional overall properties such as chemical resistance, high strength, and high

flow.

One technical obstacle to the development of such blends is the lack of compatibility
between PPE and many resins. This lack of compatibility manifests itself often
through very poor physical properties as well as delamination in molded parts.

Methods have been developed to improve the PPE compatibility with many resins
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PCT/ US99/ 29060 such as, for exanple, with polyesters and pol yam des. One of
the nore effective nmethods involves functionalizing PPE to nake
functionalized PPE containing noieties that are reactive with the other
resin in thgoygeds It is believed that the when the funceéposohdrgs PPE is
allowed to react with the other resin that relatively small anmounts of
copol yner betwee n r ] oI to be in
| arge part re\é\%o%éff ¢ ?‘gie’ yidd p%\}feg&ggﬁp t!yg |fpy V\f/e%ﬁ “F)hé E@%‘}Egand t he
ot her resin. rﬂelﬂd:dsamvcdm ﬁfnctmqahvngd’ﬂﬁmqnaml@l lﬁlmgxonahz;ddudeEr emitaniagice to

| am nati on) rov h si cal ek |es rease ile and

i mpact pr oper”??%?s ﬁ'ﬁ'dg‘é BEN; ‘Y’ gg m)rrrf) n;lé?blgﬁq \/\g Sbgfﬁvegbqagﬁg h8rrponent
phases under tgd fuhttionalicdtd BPH iowliohabio reqn dvithi the stheMadsinodis: relatipsle padle
functionalized PPE gave i ncl uded §O| ution {unc‘% nal i z t| on th.an acid
hal i de cont ai?MCHYS ebFPSlYmET bERreeh De resms fLg forme SP(QP yIET BhetVERdr i de, to
make an endcebememrgi?lﬁ&rte@?mﬁm fog ithpt6veddmpatibalitibeteyn theIPPE an@th@thel s r at her
limted in the varletg functlo allzedPPEtcg‘éc{?can be made.. Al so, the
by- products f$8m t }rdicatigns; o PRIQYad; semRatifility dn EES ISP TR By

i sol ation 'Sfihlﬁl%vécﬂpﬁ)}il%aﬁﬂby@ﬂés fcieas RickeadddaBnsHt A8€ iMpact Pﬂ)p&m@mﬁﬁa Anot her
known nethod to_prepare functionalized PPE related to ne

functi onal i zatabdigedbmorphalopppetgerthe dland fgBponentphasesaindeistatie, AUPE dP%rel t i ng
and m xi ng PRE. WM difnfunctionalizing agent to result in a functionalized
PPE. The additional polyners could be fed into the sane extruder or

al ternativel ﬁ\f@t he functignalized PPE coul d be isolated and subse uent |y

used to prepaddhegs ieprepapHistionalized. PP@El“lvef‘%ﬁ\‘éﬁefi6??81‘?%%‘9?‘%5‘!?&@'1 Wiles, such
as difficult Bém'a@ldfk?aﬁgé BShtiiRig i cBinPounaCsud) tak %ﬁéllldé’%mﬂﬁnh@%:@%l’ém&’@ ] t y and
wi de particle size distribution. Mreover, PPE are often powders and
require specingke panendranged FPEeantpinieg é'WtTea‘PUVG@?'e'é(xpr@lfBﬁhO‘i fs fathef her ef or e
appar ent t hatpgf&ethe YaRkd %v%cﬁ&aﬁigd%ipefm& aanné hagd KEBhtﬂElﬁy- pdh&gpar e
functionalized PPE. SUWARY OF THE | WO 'd0146274° PCT/ US99129060
The needs di mtbedambweamaw@némuWMﬂ gndé)anﬁowlp@usm inthesalvent overy of
a process for i f |ized PPE, the process conprising

oxi dative cod) Bﬁpﬁtgﬁllgdng%erogg%#%gésol ution at | east one nonoval ent phenol
speci es using an oxygen containing gas and a conplex nmetal catalyst to
produce a PPHAnogsH K'iﬂ’f@t i oethed Ziongrepaee Hpmctignaliged ¢ BPRngplaed digr i ngelat | east
one isol ati O?Flﬁ&x@n?al fl[ond@t"@kaf‘l’é Wz &l leRiudef, U Bﬁ&%&'n%l&%‘ r\‘n@lﬂﬁ ald'e

description rovides further details regard ald%/ar ous
embodi nent s omxmaePREwwethta Smcti@aliipg RENOLP Crsull HE amwme PEapgh¢ cabl e

additional polymers could be fed into the same extruder or alternatively, the

functionalized PPE could be isolated and subsequently used to prepare other
compositions. Melt functionalization has issues, such as difficulty in feeding PPE
into the extruder due to low bulk density and wide particle size distribution.
Moreover, PPE are often powders and require special handling to avoid potential dust

explosion.

It is therefore apparent that a need continues to exist for improved methods to prepare
functionalized PPE.

SUMMARY OF THE INVENTION



DETAI LED DESCRI PTI ON OF THE | NVENTI ON One enbodi nent of this invention
provi des for a process for the preparation of functionalized PPE,
preferably having an intrinsic viscosity between about 0.08 dlJg and 0. 60

dUg, by oxipdela¥sscoupling at |east one nonoval ent phenolpcgnsssdBsso
preferably at Ieast a portion of which have substitution in at |east the
Lo Ortho Pofie ko % BidedatALOBAR 8in HALARS Tuk od 30 B BB ArblpMlegeST NG AN
oxygen contai ning gas and a conpl ex am ne yst, “pre fera ly a
copper (1) - & pepaatgafupstionalizedt FRE, dhé giozesa compesing amilatips etbtq:ﬂxagluy a
extracting a hd© tal t organi ¢ acid
salt with an achgg‘%lu@lﬂ(?oéri:tlé &e%osngpﬁf&g’%%d%}gﬂ %s)égli'gona??'égg c%‘ma n ‘%PPE prior
to and/ or dtgasagimonh}ﬂasrnet@lnmtaﬂ)soioepmdme s PEB; Mrfu:dﬁwmdlmnglthaam pnmorof t he
reaction solyven ctloa t|o is at |east
partly done ' ﬁn‘g(’rf({u&%atgfﬁgb LS 'S‘fqenoggﬁgz?ft‘{ﬁ& mfzﬂ{é] 'ljl‘-;zé 7@3@&%"8?’1‘"?&1 ution. In
anot her enbodi nent, the functionalization is at |east partly done prior to
a flash pr ocfﬁ&siekaniptimndtanfqilam ptdvéxie?ﬁﬁtheedaaiimgadilngtvhﬁous dmbodiniengnot her
enbodi nent e fun t| onalization is at least partly done in a

devol atili Z|°r§ “dNFUHEr . These and other enbodinents will become appar ent
in the description that follows. The PPE enployed in the present invention
are known pdDESCRIPHIONORPHE BRAWINGSpl urality of structural units of the
formula 3 V\D 00/4624 Q2 Q1 2~ Q 1 PCTNS99/ 29060 wherein each structural
unit may be ﬁm or different, and in each structural unit, each Q is
|ndependently hg ogen, primary or secondary |lower alkyl (i.e., alkyl
containing up to 7 _carbon atons), phenyl, hal oal kyl, am noal kyl ,

hydr ocar bon VAH@P%F@WWQE:E?%MWWWEF ein at least two carbon atons
separate the hal ogen and oxygen atons; and each @ is independently

hydr ogen, haémaabomemmhgr msaﬁ@ﬂqﬁwdésomra ﬁlolséék )foxpt}ﬁsnMJe arktfnOgH Kyl ,
hydrocar bonoxy or rocar bonoxy as defined l\/%st of ten, each

Q- is alkyl nctwnéﬂyﬁ PPésmfe@ra&m l;ave,glarwmamklywwcm @amn @boyt .08, d4eogen.

Bot h honopol o] P pol ymer s
are those contay of e BRCOMIRIve (R ol Iaot ORS e TaBl RROr e

copol ymer s ipreferably «'Ftaln%F@m mm‘@ﬂ 9frwh§3hd@m aubﬁtlmgws U et deast thej twocerthei nat i on
with (for EXTRI [ : e i ncl uded
are PPE contal n!"ﬁ%arﬁoﬁgﬁg%é °g§£elg Jn % tﬁe m}gggt |dr?11 “Shggf oX ch?rzg?tﬁ g% pol ymer s
such as pol myn@mwﬂﬂdmeuahmmmtdystayem@bly aa@pp@umaedn%lysu agftiec h
coupl i ng age . i nes,

het er ocycl es%cﬁaﬁgg&ﬁg?%&’ gﬁx&{e}?‘l é(gg’kuéag{éﬁ\% r}gglg{na Eﬁéﬁ@fn@% E%ttﬁw ttaﬁwtaﬁg‘l hydr oxy
groups of t vwoetpledrgqnidhanig kdnwitk th aqn)eouh eontsnitg sgintich, aed fnktiglabizingntieecul ar

wei ght poly rovi de ubst t ortion.of, free. OH gr S

remai ns. Al rslﬁ{ B Rg T e tdee d‘lﬂﬁﬁ at i)r‘?P%ul‘W aﬁ'@" aftqpuf%tq%ﬂﬁtlﬁlz%{?igf’gk}&

obéI ained fr ﬁmaﬁ?@blwfm ™ b embbemeht,we fosdtjonalizationaiy anigast ?mfrylmﬁd in@nal
endgroup. T ecul ar WEI ht and intrinsi¢ viscos of .the PPE can vary
ety depeiil R Peabtenie s PPBACHE R GUS R GEUORGET: fle PPE. The
intrinsic vifagQonblizafititiat llaad‘tbﬁly dbé prior @5 a Filkh pPrédess 1B coR&htrath HRIPPEN t he

range of about 0.08-0.60 d g
reaction solution. In yet another embodiment, the functionalization is at least partly

done in a devolatilizing extruder. These and other embodiments will become

apparent in the description that follows.

The PPE employed in the present invention are known polymers comprising a

plurality of structural units of the formula



4 WD 00/46274 PCTNS99129060 preferably in the range of about 0.10-0.49
dl./g., as neasured in chloroformat 25C. One unexpected aspect of the
process is the ability to utilize a very wide range of LV. The PPE are
typically Ricoaeed by the oxidative coupling of at |east P&RAS99/29060
nonohydr oxyar omati ¢ conpound such as 2, 6-xylenol, 2,3,6-trinethyl phenol, or
m xtures of the foregoing. Catalyst systens are generally enployed for such
coupling and ypically contain at | east one heavy netal conpound such
as a copper, ngagnese, or cobalt compound, usually in conbination with
vari ous ot her w iahs. It will be apparent to those skilled in the art
fromthe foreg that the PPE contenplated in the present invention

i ncl ude all thgsé ypresently known, irrespective of variations in structural
units or anci? aryQ;’nem' cal features. The polynerization of the phenolic
nononer may be carried out by adding the phenolic nonomer or nonomers to a
sui tabl e reaction ﬁol vent and preferably, a _copper-amne catalyst. It is.
preferred teEeih £arh SEPCIRLURINILRS the samesy ditfere B ERhSEueRrabitiy b i ¢ or

cuprous salgscts €f 08 daddperithile haidfed, Poimafit 6h sadonddrP oR&AMRYIE( .S WM C chl ori de
and di -n-butyl am ne. The pol ¥rren zations are advantageously carried out in
t he presencentgmingp tadrgehenatomskphenyldloaligyl gminpalkyl hydrogarenoxyiérear t h

metal br 0mrgﬁgy&ta@arsdmﬁpwfehpwﬁ&%o r@boheatb&ﬁsegepafat@tﬂeemgemmﬂr om about
0.1 nole to about 150 nol es_ per 100 nol es of phenolic nononer. These

catal yst nexggdnaitansaaed ehek &F isjadependenthyydregen, halogers prigeryugecotdmper et

al.). Tetr y. i if

Gest ed. - THONSABTREA BRGNS R B R BT BOTREL B ot

et al.). TH2. Masteftsn, ede@ darlkyber pleanyi, specally (a4 cdmbomdntachiQ’tine cat al yst

conpl ex gegsrgl%lg% correspond to those disclosed in U.S. Pat. Nos. 3,306, 874
y

and 3, 306, ). Illustrative nenbers include aliphatic am nes,
i ncluding aliphatic nono- and di-am nes, where the aliphatic group can be

strai ght orBah heraepadyrestand cpgalyress SPEmte included| The prsfrmed homppadymers ed ar e
al i phatic | d : t I ] .ne t i di am nes.
Ip ' Rid foo'éé( )co g;?% Q,Bwuﬁ&ﬁiydi 14- l{ﬁ: ltXrI}ﬁ{T?{ﬂgtaﬂhl)&. ;ﬁu%lﬁe é:ﬁ#&r%ggry '

Especially preterre nono- , ower t he al kyl
gr oups haviinguderramdom capolymsss ¢ootaimngsush uffiysin cambipatisrhwitle (fomexabplelsed nono 5

WO 00l 4627 1129 Iz iz l... € -propyl. i -propyl,
n- but yl suézsfgﬁﬁeg@ﬁalh? eegl,yglr’reoentg&qlg%rt\% %l?ﬁ:n?c %%aé’?k??sgr%‘“ﬁé‘gm t oﬁtﬁ%t hyl

am ne, nor pneparede by Nergftiogevihylamopdmery cdro pblymemst suchans pelystysaneh aad

N- net hyl cycl ohexyl am ne, N, N, -.djal kyl.ethyl enedi ami ne t.he

N N i a1 ky g YRR e SRt e Yo SR T P oleselsr angt ¢ he

I : kﬁ. I nI Fldgﬁigh't ;lpulydamhité:s,tqliﬁﬁdléw, )he?m'clgelﬁsl, aﬁdld’ﬁnﬂﬂs [uyidérgld t€action in .

al pha-col li.di ne anma.picoline, and t i ke, can be usedq. Especially
useful are KRR NP%N"— f”étgrt a|hw§]f|°§¥ W“@ﬁé’gitgﬁiﬂ?@é(lﬂh%ﬁ ﬁﬁéa‘ﬁga‘ﬁ’?ﬁgé‘? and the
like. M xt gﬁ'&ﬁlc@ﬁ hige ngledulR Weight PEIPMER paoviled a seistan 83 prepdriaof ey be used.

A preferre . . " .
OH groups remains. Also included are PPE ‘s containing a functional endgroup,

obtained from reaction with a reactive compound having the functional endgroup.

The molecular weight and intrinsic viscosity of the PPE can vary widely, depending
at least in part on the intended end-use for the PPE. The intrinsic viscosity
(hereinafter “LV.”) of the PPE is most often in the range of about 0.08-0.60 dl./g.,



nono al kyl amne is n-butyl amne; a preferred dialkyl amne is di-n-butyl
amne; and'a preferred trialkyl amne is triethylamne. A preferred cyclic
tertiary amne is pyridine. The concentration of primary and secondary
amine in tweommaedion mxture nay vary within wide |imnmt&CTHE/P®0desirably
added in | ow concentrations. A preferred range of non-tertiary am nes
conpri ses ErEQFB‘oEbiQL!Bc @nfe 5©at800010-829 Qllé‘)'aﬁ%neﬂﬁﬁedjﬂ(éhm%t@ﬁn af 2g%pnoval ent
phenol . In the case of a tertiary amne, the preferred range is

consi der abDye ineupastedpspeatiofdhsprpeeseis therabititu ponitlizea yery videyange of300 ol es per
100 nol es of nonoval ent phenol. Wth tertiary amnes, if water is not
removed frp (ppg %Fea%&mynbeews& by tthé %xnraﬁt@rcroealﬁgo ofiSg fea@mp@pout 500 to
about 1500 m)l es of am ne 100 rol es of phenol ter 1s renmoved from
the reacti mmohvﬁreny@mhyl%b@mouﬂ@ sweh eas @6-xydanpl, a2§6anmn@ylpber@1 ) or

trlethyla sed as a

[ over |1 m PR of e Bq@tin CaR G o BRI FimgRlLRE e 1BEHultng

N, N, NN - t eandatirey mnmuvammamam lnast oae hbevyumetd! coopeund suels a$ eveopperabout 0. 2
nol e per 1 T GHR I and cupric
salts sui t'g'g?gg&% r% %ﬂq%g’g‘ é%nsd g@éﬁgL c%%%fm ‘?ﬁ“é" vy pgﬁérgl '2& éf‘ﬂsese salts

i ncl ude, for exarrple cuprous chloride, cuprous brom de, cuprous sulfate,
cuprous azitcweill beippracent ttetthesei skilled uinf the eart &gprthasfoengemattéat thaptREUS
butyrate, E%Peﬁn %ﬁe&ﬂ ttﬁépx%senfﬂmﬁtfopqmth%e a‘i'leﬂms% L )b%n%wndg'te e"tl:B%é ¢ sulfate,
cupric azi u ric ram ne sul fate, cupri ace tupr utyrate,
cupric tol ufatasatmmnm gthuetukal kmits d?raednl%awehhrmuﬂrfmh&esand cupric salts include

t he halides, al kanoates or sulfates, e.g., cuprous brom de and cuprous

chl ori de, 4

chl ori de, cupp&gmp&%gg'?gfqg% g#‘?[‘{? q‘ﬁog‘ro f“ﬁmaggaer g%ée%ggé}?%gg%gcu ri

acet at e. \Vgheholpr mmmyeraordmemwdamw wmhlesreaqtlhe solyentesartdr ptefepablyyfa t he copper

salts is dgﬁ,&_ 2}" :Jp%gmke% &Itglfeag)(wll?var eresl1;jl Slr’rr]g&tl)lgeut 0.2to

2.5 nol es nova hen m nes, the
copper salofa Sumrcefoercaprbes smmcanda@mmmumlygxrsnvh ds rfgr éxmpl@tmplﬁc 0.2 to
about 15 nonoval ent r| c halides are
gener al | ynﬁ?‘é‘fﬂé 83"588&)%57’ &"?‘Wé@“qﬂ&?t "Hgmg %B"éﬁlya? e QM he copper
ani ne cat athy ptes@iee af aeindfgahioalkiali nfest bramsiaé or abhakaline eatth inbel wrompier (1)

speci es al reatly increase raeof en ytilization ip the early
SPages of THMpGRyREFmIAFS B Peuten bnISIRCR RN FOteD. | RG/Ean=Contaht rat i on 1 n
the head spore E&flobhﬂ)lésﬁﬁ%&{ohbﬂioﬂﬁmbﬁ m&&tmt tnlariaks Ste d¥bcrfved & OF
explosion jn the reactor. A process for the preparation and use of suitable

copper - am He: Fat A HB3299; (Goppes et ph). . Tepsaalkylypmonium salty 3 ralior by ). A
faster inigmgibyddeRACirbmbtefsaif AesiellN TR ;ﬁeﬂeefs drt MiseRRCinCB5aPNS Noal SO
results in | ess accunul ati on of unreacted nononer and a reduction in the
anount of A2 rBennetttetel)anet hyl di phenyl qui none produced. The

t et r amet hyl di phenyl qui none, a backward diner, is believed to incorporate

into the PPfe iy hseBstidaty bF abrtigy ERmet bd?ﬁb%neﬁ[hsf @l cathipstatomfled €act i ons
|l ead to a drop inthe intrinsic vi scosm% of the PPE due"to the decrease in
r

nol ecul ar SereHy correspred pipthose disglessd in kb rRabrRes. 3306874 pad di3Re875
M ni mi zat | &ragyf 11tu@§atm%&mtshmamgmm,ﬂwﬁxcm(amg%pf. & Metdodagd on

coupling is dési rab ehse(;éa]s to avol b mrtoplpl n@ thl ecu %; \Aﬁ; ght and the
acconpanyi tiepmeingsf where theendiphaticigzaripregn bosttaight dr branchedithgirelkydrdsarboniesi r ed

nmol ecul ar n [ ackward
di mer. %“&nﬁ*‘eai‘geg{e@%# rﬁé’gﬁigﬁb&% g%c(rgg%e aR‘li ?\E{’/{én |ngér?°g‘5§'8$d a
process | nand”textllarﬁdimiﬁE’EEkactalﬁppre@amtilammmoe,tdumdsh(jmserb elkgl ankings, a 10%

d : f I th % t bl t.h 3%d
i Cv. "aar PR e v BRdiery bt b TheSu: B on S aPelac i on of
t he phenolic nononers. 7 WO 001 46274
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PCTI US99129060 The pol yneri zation reaction is preferably perfornmed in a

sol vent. Suitable solvents are disclosed in the above-noted Hay patents.
Aromati c solvents such as benzene, tol uene, ethyl bezene, xylene, and

o- di chl or obwoaemarar e especially preferred, although tetrectisspestst hane,
trichl oronmet hane, dichl oronethane, 1,2-dichloroethane and trichl oroethyl ene

may al so be ysadd tri- Hﬂtﬂwlaﬂg@l r{ﬁ‘bbﬂ lqﬁépwepmﬁgls\asﬁku@d\dmmamo-h& nornal |'y

|ntherangefrom1 1, up fo a naxj num 20-fol d excess of

sol vent . Thén-%&!qhexsﬁ@mmeqshg’aﬁtbﬂmmlaﬁdn?ﬁalmswearNr(?“ﬁf)ealbflepdplyalrn#atﬂ%e range
from1:1 toaﬂ.ﬁmi s% w@Ngmm ?ohumma@tmh aﬁm@m@%emm;n@@ i R3ENt process
when used to ma F*’ IS hi gher “sol'i ds | oad mg#_x}s possi bl e
as conpar ed dtaﬂﬂytnf@@égb@%m‘éshathenMNh1ﬁgﬂbrlP‘{rl|‘fanedlal$@eﬂ8 apd/ the p Wthout the
increased s 0 8 bl g AhlikiNe AESGRAP AR hi gh

nmol ecul ar %M#n Qz')é['ﬂfsrrtgg blﬁm ?é T gka%yr 2‘ient pglt f,ggﬂa canﬁbelﬁll%ncr eased
by at | east aQCD%: likg, tchn bmwéaE@scldiyLB@ﬁ{l%IPN;EMNpmﬂbYlethymdammﬂae pr esent
process aff ko LNCreased reactor utilization and productivity
wi t hout |ncr%{eltg§e| %aﬂﬁtﬁp%‘jzhgl%% nunber of the reactor vessels. The process
and reaction condltl ons for the polynerization, such as reaction tine,

t enper at ur e Mintureg b SﬁQMWmWéemawrP@dlt¢mwmnM4ﬁ beusedadepiefomed he exact

t ar get m)le e Xﬁlﬁz nis
conveniently hg%kyﬁnqedlswﬂ?l%gﬂ gegégggl(a!sac IQ mEhs ‘R’Oll’ H] +1 ot her

met hods such mfenukltvnzgkytm:mwlnanrmtkylghm nﬁamfeaﬂémyshc rtamm' rnynne) i

predet er m ned. ion ti trolling to.a specified endgrou

concentrati 8i} Jl ee°°8§<e§1g;rv§fr'1° cOMcen radlgsg‘r:lonld?]ry o tﬁc ‘f?ﬁé} °§I“§‘885e
utilized. Tlmaytvenpmnmimmdd tmitgr bur io udesitably pdﬂeymarlowatommtahagse &f the

i nvention gen rally ranges,. from about OC. t ab 5C.  Mor, ferably,
the tenper aPFfEeAg ? goq FeSHATA AB S g‘g@"s'f’s t&!%))&\ﬁb?‘ﬁ 2?r(?p(a“’?(‘err"sgher
reaction tepperotusles afmondvakRneptidnelf Ihelacéaseafaeémﬁybaﬁw&heqiréfyn&u gher
tenperatures, side r ns,can ,occur, adl ng to re ctign.b roducts and
at tenper at $A"88 ‘WB?&?%‘YE*W1 %\ﬂ/é’?mp'i“t?é 8 W?)P Hé’l‘g@%ti on. 8
WO 00/ 46274 15t1holds9PMmadalkn Hold|W1ﬁ{§ﬂlaﬁ,lexﬁ1ﬂ€st Wa‘éer% n&h@hareum@nagent S may
be used in the practice of the invention to conmplex with the catalyst after

the end of thecreprsioy Mxiuges it i§ Profersed: tootse fony aboyh i) to aboyt 1300 ol Py, acetic
aci d, anmmnipfheSRt 160 ndiUds pheolS at WateR RreBVeOREMAPE kALl tRdMyS MRy be
used. When these materials are added to a PPE reaction solution, the
copper - ani nébeuhl A meles afdertirryemies, §8n dirthykaming pr wisthylsmivma PROHOIBRIES not t ake
pl ace. Many oftbleh6 £k bERLEY ds ﬁw@?ﬂmﬁ%ﬂﬁ%ﬂaam}tm&nfs%f@&ﬁ;ﬁrd?a‘?rﬁnetso enpl oy
those chel atihg agents that are disclose U. 102
(Bennett et seghap NNANNeteamathydbusangdiamine sambe wseflrdommde aplowdsahontiohal

car boxylic ounds such as, for exanple, sodium potassium
tartrate, n?@?&%?ﬁ%@g% hggtlﬂg (NTA), citric acid, glycine and especially
preferably they will be selected from pol yal kyl enepol yam ne pol ycar boxylic
aci ds, am ndppical cxamples/efi uproup spits apdibupbic spltsoeitable fog ghegrrocess are shown

am nopol yca Y s I cids and
Thel v al kol 1" Gy O PRERER, TIBR, SISHRIGEY 0 ool cubld PR KUMENES) 10,
earth net al bxatide cunmes pﬂ@feepmmchsaegehi SHPIoVs |teithmins Wmnelmram acefntet r aaceti
acid (EDTA) r h ed] n I’l a

di et hyl enetr |ge]{¥n‘gsne&gr%{ aé“e I cloglglled ‘g gnn(gerlsalré g@ﬁr{% melde g'ilpﬂcl i}ﬂfﬁtrc eferred
are et hyl eneubra:mzrdne; aipmaetfmmme autfa@, cipria armne,-qupdc ))uﬂyrate, caprit tblmbteasodi um

Copper car baRy M eC rEets CAasCRE GG e F g By OREBHBE A “can be

extract ed wiiihtdshe. gwaduﬁfou@rwdﬂﬂednd reupfogs ehloside; rdupié ibedinide aad icapridy t hr ough
the use of a liquid/liquid centrifuge. The preferred extraction liquid for
use in the process of the invention is an aqueous sol ution of | ower

al kanol, i.e., a mxture of water and afd al kanol having from1 to about 4
carbon atons. Generally from about 1%to about 80% by vol une of an al kanol
or glycol may be enpl oyed. These ratios may vary from about 0.01:1 to about
10:1 parts by volune of aqueous liquid extractant to discrete organic
phase. The reaction nedia generally conprises an aqueous environnent.
Anti-solvents can also be utilized in conbination with the agueous nedia to
hel p drive the precipitation of the copper (I) species. The selection of an
appropriate anti-solvent is based 9




WO 00/ 46274 PCT/ US99/ 29060 partially on the solubility co-efficient of the
copper (l) species that is being precipitated. The halides are highly
insoluble in water, |og K~Spwal ues at 25C. are 4.49, - 8.23 and - 11.96 for
CuCl, CuBrwaudisédns, respectively. Solubility in water isPChaiSeRsesd by the
presence of excess of halide ions due to the for mation of, e.g., Cud 2,
CUCL3 , ang, silfte0blifte AR CHIpRtls SRAS ékﬂgﬁc abdfiel | Wi xanpl es of
anti sol vent s vvotll conpri se ar wel g aromatic

hydr ocar bopsmarlyemdnmanmvhmlﬂs thmdommeﬁatIOR@fM¢ @hppen Stdlhsemsédsudﬁe woul d have
sone SO|UbI|I uld be
able to sef@¢ I}fﬁﬂg& %I’I a?t(sﬁ Vil%suﬂ‘é %%gg(r?tt%?f ELS PQBWEP? 5"5 |°¥\Dany was
utilized. m‘oharalemephnnal &htht hﬂnaqamalnystthe toppePhiit xscmefarableng;e&m giion is

concentrated t | evel art | ati on,of the PPE.
" vs. une st afb il Bom A S2et By 8 nclizer P00 HRtEs pEREAIDSR  or 1o
and/ or dur pigol.hi s sol vent renoval process by addition of at |east one
functionalizing agent, also known as corrpati bilizers or functionalizers.

The | ti f h ti t will
o0 ot sl bl ek chRRHROR IR BRI 0o
vol atili tyfcap‘pei d(ijrmnagamltysttuecadseof mgnkﬁ]wanmonoﬁmle: ubeootSthe ::dsnaef flyexﬂebieki ty ;)f t he
t for addition a ar functionalizi,ng agents
Chat "are. valvd vy, HEREe s fue 8 oiype abilSuigh o, w8 Faty "Bk 58§ onal | 2i ng

agent pri opolymesftive Ractichnandahe losvePbiygen Porrebmration i he h8ad §pacd 6F themove t he
functional i zing ent pef ore | rt] S functl onalized the PP For | ess
vol atile fEﬁ?E@TB‘ﬂ&‘Pi‘F g therfisk o gfee%fteél’ Of1PR Iy tRE FeRELYr. i A Prasessiforthe i on of t he

addi tion i $repHaddPArd usk bof 'sﬁta@iesdbpm&ﬁhrm &tdiRtsAd Gn LU aiat. 0031 90bags agent  at
several points during the process. In one enbodinent, the functlonaI|Z|ng
agent i ncl (kRe®ecdablbunds having both (i) a carbon-carbon doubl e bond or a
carbon-carbon triple bond and (ii) at |east one species of the group

consi st i ng A0faste irtiul fbdctiom €dtél withae do hmrHaEBaScatﬂfsk QlsBfeBS in b d esters,
i mdes, am nes, orthg esters, hydroxy and. carboxylic acid ammoni um salts.

|11 ustrati 9SUEHlREER, Hﬁé‘n‘iﬁéﬁ?%moPW%{@é‘SrﬁpTeﬂg"rﬁmP HB the,prmeyns of|undesiralle, of t he

PPE i ncl udetﬁﬁahmpldfphemmﬁdndeprocfuuémlm Q&fﬁ)et%:ﬂeﬁ}lﬁﬁiﬁo&uﬁrbaagward
N- phenyl mal ei m de and 4phenyl ene- bi s- net hyl'ene- al pha | pha

- bi smal ei A®ES, is bgliesed éo FRFawPaEAtisto the PPE\fyapeh 4whbramwewwgf 23060
met hyl nadi g xﬂf'&‘d{ﬁ’&d ﬁeenoaétew tP hl%p(lﬁ 11k mtr§19i¥tW£ iy df the PP 4 s#o’ tht | nseed

oi |, sesame 0l | ), acrylate ortho esters and aCrylate ortho esters,
unsat ur at edeasenasd dx yholeculpri weightueth thesPRE rfipom él)e mcgtpomhgp ofetheatimerd i ¢ aci d
and oleic RD%{ ] I o rotyl

al cohol %h‘gﬂéﬁlﬁgﬁﬁfgﬁ@g@r@ shg’s eﬁy@&lﬁ% ntéL é’?fcf% ?&?a?@?{gaﬁl ne salts
of unsat ur desingblgciodgs o cdvomls ther drop hin mnimdam mefghmntattbe a@acbmpanying

t but yl j

oo vy SR, ATRL A Gais S A ReP ) gBUER oRUAR Ll BPRET: (1

4, 315, 086, loss aﬁﬁlgiﬁﬁ;hbdatﬁﬁ&fﬂﬁhaclamld Gindet 7 JOOKs. uﬂhkwecpdlyyﬁ&md thatethé phat i ¢
| boxyl d | f.ul t | i zed PPE.

Poct uded  Bresshs yetins”ifford, & BrogS i, polcRong PR 3 P dedctfS iR e

pol ycar boxyds thafl@i10% drag\(hreéferably Qs €tfad ar 2P GRPLMbA Prdforably Qesh ‘nfamlaa/o

(ROnN, R(COOR") n(CONR'' R V),
drop in L.V. during an equilibration step after the oxidative polymerization of the

phenolic monomers.



wherein Ris a linear or branched chain, saturated aliphati¢ hydrocarbon of
from2 to 20, preferably 2 to 10, carbon atons; R is selected fromthe
group consi sting of hydrogen or an al kyl, aryl, acyl, or carbonyl dioxy
group of 1 woot@§79preferably 1 to 6, nost preferably 1 toPCE/UPIRWEh at ons,
wi th hydrogen being especially preferred; each R' is independently selected
fromthe greyp &%@ﬁﬁlibﬁ‘%a@fiomﬁé%&%ﬂgq&rf&%e@' il )4 soWen@Sitalllé SoiPenf from 1
to 20 carbon atois preferably from1l to 10 carbon atons; each R'' and R v

i s i ndependamtdiselosed athe @bpyeiptadndaygpasents- c AFpaticisalyerts sueh gsahengensf hydr ogen
or an al kyl yQlendr YihyfHephB, Xyiché,0fhdl d-GcHiBrobizEres aRP! dépdciaAy %re!fé?reﬁ,’ oSt
preferably 1 to 4, garbon afons; mis equal to 1 and l()n +°s) 1s greater

t han or equalthough fetraghleromethianey trecilogomethang, dichlgromgthang; lahdicklorethaneach
greater tha . ; ‘%@@r } ) ki e to a

car bonyl gr %}J%[ngﬁg’p%%h){léglgﬁg){)%@?gr oriylethgr%u st %Pg bgéfp)éag?as? éﬁab{l/r%z to 6
car bon at onswonéiheri ip meimgllyRn, thikiangRfromahd t6R20: 1c Eenmuptto lpemanimbmviidefold he
respective suhstict h atons, Lllustrative of

sui tabl e pof%g%lsrqrg(%g@%'c Hﬁ‘g f%’?sogtr“;eee%??l?eingg'géglﬁg?omr%l'ﬁ rget{ae'éallby,mé%dr al:ll‘gari cic

aci d; incl u@tbmd:I toelOvicy weightcommer ci al forns thereof, such as, for exanple,
t he anhydrous and hydrated acids. Illustrative acid esters useful herein
include, fo TR : ' te and
nono- and/ opné?n-’esxf’ ée/‘\g?d%%é?%gcgqf@s 5ngaﬁ%ggs?‘§%ﬁa‘%€4 &%a gg%%%”@g{# es useful
her ei n i ncl thdea higlmr selidaripdding i\pddsibldiae témparad brpracesses tatanakaddighdt (Ne. di pr opyl

citric acid ] X h | citric acid,amde: N-do | citric acid am de;
NN G dodozfE B, PhR D Souht idcbeadia o i Aol REE Tt songhimipind
Der i vat i vesaabmpirtesf gl gailerglap oleichapdiomyr, itlee futdl dslidar @nedntaticuédnatd e for use

in the practice qf the present inventi o, EXanpl es . i tabl e

Funct onal | JFIRGE g b AR C0%arm it G GY BRYost Or-sbig, Thus T reseniac

4,755, 566, @roBess afiSfis antlethod @4, iBQdasedkdactor utkdatibn b podadiivity Avithguragent s
useful in the process, of the inyention for preparing functionalized PPE

i ncl ude conPSiFAYES C6AEEPHE éﬁ%S%VPCt?ruWWlsonal group and at |east one
speci es of the group consisting of carboxylic acids) acid anhydrides, acid
est Sr S, aci Uheaptodess and ireateon camitoas ,foromle polyaetigation, hrﬁllslra@x?cﬁorafmle,car boxylic
acid anmmonium salts. Non-Limting, exanples inc e chl orof ornyl succinic
Ahydri do. APGRBELIANEY Tavet i SRR AT medthd etd o1 e SHfYRERo aci G
chloride, lmekeilexyaipht Mesidd4- Thd @Adpimt ¢ICihd FINNEHZaE i esvplibdB i ¢ acid
acid chlori ge, agr}‘g reactjve triazines i Qﬁl udi na epoxyal kyl chl grocyanur at es
and chl or oafSFFEURAA, Wit fhibdline Xisgpsity gpessr. «Xthopsho@heranethods stichas making, S, pPat .
Nos. 4,600, fifec@d wWeifit2 méashremlen, ABMAE Qf al PredeRANiRed BRAdtiBRCHme,
functionalizing agents that is required to appropriately functionalize the
PPE i s t hat CONCHRE 8 asperificd cAUBrOWp FoRSeIIRALOR, X the PRYEen ionsentratint een t he
various conmpaiinay disottauilitdaal conposition. As previously discussed,

i ndi cations of inproved conpatibility include resistance to |am nation,

i nproved physical properties such as increased tensile and inpact
properties teARSTARKE 1P £BTY Pt Briorbyyerizaticneetage ploths| inyentien geeidlyt phases
under stati ocC ikl . i ..above

ment i oned fﬁarrllg{si %ﬂg,lai%gg?fs,c' gi;ghggi 85:%{ h@éﬁ%ﬁﬁ%%@ﬁg%ﬁé r%lg"egener ally
up to about r88oabyut\dSPGHd abamidSIG wish dfedhigtist yeattianrtempayatirethe@Sthe £xd afbout 4% by

wei ght. I n the.nos nef err, .enbodi nents, the appunt of funciionalizin
hoeot i s 1 nraRion, oA RIeSGRE SR SRR siop SRR Gan Geeb BSIACRS (7' TP
amount of t reactidRtby-prbducascindat temperatukesisubstanzieltly Wiwlet, icd apstale pemdn @i t he

nol ecul ar 12,
solution.




WO 00/ 46274 PCTNS99/ 29060 wei ght of the functionalizing agent, the nunber
and type of reactive species per nolecule of functionalizing agent and the
degree of conpatibility that is desired in the final resin blend

conposi ti orwo @asegrnt rati on of the PPE contai ni ng sol uti onPGRUS2WMI | shed
by reducing the pressure in a solvent flash vessel while preferably

i ncreasi ng babddfafisOdr dHafe rg Ngk ' res of
about 35 t(gk%g ‘E)gérmegre des?sra”f lﬁ? @ﬁq or‘l3 tgﬁgllé;{%% g{ragggelrﬁif:?‘gased to at
| east ZOOCin\andretoacmnwlqﬁ wigh thee(atalysizmth%ersbtbﬁ e pblywetizagion pectiof. at | east
55% prefer 0, er S | sol ation
process is F§ ¥aé19 Ble g&lffuﬁca;&t's%ﬁag de CK{‘] ag{,} g.hr?i@t? Bn'élflﬁxqu Satltﬁa}'n?%‘ Si sol ati on,
a portion chelativg mmsemy bs umdeMﬂreabhgse mmmamraddadjm a tRPEr ealdtive t he

sol vent | oad on the tot n_equi poent ional i zi ent can be
o f oot 1 vel youth s soeprrimipeSafia, Bords oPiEHk epd S0t PRER IR PR AL o
process. Fadkegptaep Manyfdiffsrént onedrialsinmey tegsed butdtyis ipeefercdad employrthése r enoval

of solvent, B the | unct al i,zi.ng .a be. A durin he concentration
of the rea&f‘?lﬁtt‘f’grﬁgﬁ?tﬁb’épa%fi‘sﬁlB?eH."gﬁirigé\?é& f‘ff?ﬁ@??‘éﬂwﬂﬂqﬂé agent can be
added with the concentrated reaction solution into the final devise for

sol vent r ermheabsefiffuctetatiog adgeats nigclade polyfmyctiondl ecartiixiylie | agido eoxaﬁidﬁag

si mul t aneously at, several .di fferent ) ocations. The selecti.on.of the

addi t1on | GERPPEYS M7 Be B CTATEE BYIWR PoLSTHE, 1ERlE MHBIRTIGFENS p9dd and by

the proper tNea)otitrfcunsid, gpcihé 2hd @sRgRNY préfebly ©ey ¥l beatdiétedofromn Opti mum
| ocation. The fipal isolation, of the PPE | s preferably carried Qut in a

devol at i | i Zehg!kslepsrodeming ¢ rRolNSATOOE IS r?‘E‘LdF’rodsa“}‘?RPely\‘i?"ﬁb"Bé‘ﬁr aycidtyi ng,

wi ped fil magNaRamakAics. ad‘idsakammo@&geaas@{yﬁc 20Hs,f | aﬁiﬂomgh@ wtigh) el t
punps, including various conbi nations invol V|n§ t hese net hods are al so

usef ul and PelycaBpwylicgcids prdsheipalkslpmetaly alkaline sapth metak prmixed alkalhmgtal-t ot a

i sol ation i faRhebatia et SAIRMTHD SrefidPRels hdade %{ﬁﬂéﬂnﬁ:ﬁeté@ﬁ@étﬁs are not
renoved to the sane deqree as with precipitation kew se, 1solation

yi el ds ar e agidt (BFEA)y hydrpyethdengdiaminetriacefisa aciflt élethmnetmwemepqnéa@mﬁiCques
requi re hovwemer., i t by l,0r process
steps as a\rllé@/\ﬁc&qd F‘ stafragn%s? %‘?Ar%léﬁﬁgrﬁfegg? \é?é e‘ﬂﬁ\?\n& r}g‘%gtgasagérl}cl y %g{:l solated in
t he PPE. 13nono‘o4\¢dl{)m-£@ﬁTetramfurmsagthzeﬁﬁﬂldnbvodsaltmg ceppegcanglexucharts and
processes arg k ically involve a tw n-screw extruder
equi pped w %tﬁmcpﬁovxgacgpgeén?r% lagegc pgér%s for solvent renoval. The

devol atilizing extruders nost often contain screws with nunerous types of

el ement s adéwtchelated metallisrcatadyst caniponent gan ke mma@ted wishithegvaterepyeruged ini zat i on

and liquid %{T&Qt B9 d screw
el enent s detg‘?g&lg%'%%@%}slq% 1elb't%?ansp ) eﬂlﬁgﬁpﬁ{% szlthgw and
cylindri calpretbmxbnxtsactlm piquidi foe usanire thei precem »fml;p aoverition lsrwaaquealsseal :
Particul arl nt er i onjinter h Cl,ew

ext ruders, S?glrlvmﬁ Il'l1 euéségr éwgi gs%u’gﬁrael &wa}qer and a%taﬁ?a% ftﬁaq'm&\,\%gmsl
facilitate abit tt:lca‘bbn btoms. t Gereradly frdne ablmm 164 td hsounrB0%r byavolomie g aaxt r uded.

Such equi pnment vai |l abl ¢ from varjous nuf acturers i,nc i.ng the
af or enent i g\ﬁ@& gliyfﬂj rgwg?%gr@plgyedr nohese ratios may vary Fom abou{ ld%lrl

about 10:1 parts by volume of aqueous hqu1d extractant to discrete organic phase.

The reaction media generally comprises an aqueous environment. Anti-solvents can
also be utilized in combination with the aqueous media to help drive the precipitation

of the copper (I) species. The selection of an appropriate anti-solvent is based



In the practice of the present invention, the preheated concentrated
solution containing the PPE is fed into the devolatilizing extruder and

mai ntai ned at a tenperature | ess than about 300C, and preferably | ess than
about 275C, waiot/me2pr essures in the vacuum vent of | ess thaPCTARIYRI060 bar. The
exact tcnperature will depend in |arge part on the LV. of the PPE and the
cor r espondi pRigialf hOflet YoI@SIRGClALEbieNd b thd@bppeV- (1) @ﬁe!c{}s thireist bagg | onal i zi ng
agent can be added at various |ocations along the I'ength of the extruder

wi th good mpessipitated. Thehslidsyisre dighlysipsaleie in waten lagKgvahes atiASYCraseiuced t o

| ess than ut p u nost
pr ef er abl y%%gSsg % %g'gd aglg?ft R)E-lg%eﬁpm E#\%téﬁlégégﬁ%g%gbtgg@g%gg@{qat%g?al ned
t hrough t hmm&edﬁy the preseobeaofi ex¢ess nfhatige ionsidue tosgte fotmation of, @rgelGpChi gh yi el d

of PPE achi e F i el f over. 99% was
obt ai ned e Tbalm Ié’@h%\(/il% Oﬁerlcoﬁglﬁ’@"g%f/%? cg ;‘:/)mg% gte}z'cgmgllgsa% angt ab%ut
0.08 dl/g ts@lvabs)twtoum cimpdisé gc)W\mﬂecmhs wetight htkyp aad iapiniatic | lgdrqearderesss known in
the art, the yield. of siml LV P ss t han % Thus, the

o esant " pr deioles woils e Hequfeh Bherssslias Saup Rtk sk o RRILY B et nod t o
prepar e f ungidogadlationd Ohevkiled RCte aft wildbd atde by enyt efffogtal ¢ esin,
typically wwthin the intrinsjc viscosity range of about 0.08 dl/g to about

0.25 di /g, 3pshamount of ptigolvstietf aovwps Wiigedr apl y over 14  wo ooi abz~a
PCT/ US99/ 29060 95% nore preferably over 98% and nost preferably over 99%
based upon the Ametdeino@dl offtiedalyer) the[FPEhtainiing solifidn lisconbentrated ¢od | ve

coupling deval at.i | atlo der for the i sol ati on of

Che"t ow Ly e ot el 2 Pt oiie e ol ST PRFa o e SeR PR b U Biha ¢ hi

traditi onalppgw@bm&ny ﬂ;hctmbl@z“ed%ﬂblaﬁé af@0t HutthgQhis S6Ivat demeal prstdssidat e

fol | owed b chopp gthe extrudate into pellets gave unacceptable results
é

presumabl y L?éd‘f‘S“P t least 99g | fpnctipnaliziag wg%mda%hm‘ﬁhes tAmRatblZeBOlr e of | ow

LV. PPE. |tfuﬁ@ﬁ§naﬁ19é+§‘d1’ﬁé‘%atﬁﬁeo%lﬁ| ad@féioh 8F th%%i leQﬂ oB@%HJEh&ﬁﬁ%m%ﬁianVer come
these difficulties. Useful techniques include die-face i zation,

i ncl udi ng oYiddencad on spesral deqtorasuehrasdhristabilityiof ghe ageet, thei ‘f?(}ﬁtlémg‘l’féh%t rand

pel l eti zati, r i tion with
under wat er g tﬁ%q@g?g@{gﬁ °8‘Zd3{é‘§’¥ ﬂﬂ%] eéﬁﬁ%ﬁ’tﬁ@%ﬂ;ﬁ@n %qﬁeég? igﬁyﬁ‘é%pel | ets can
be dried ughédghet @%nf@fu@gctymahmg agants thatearg vplafilecinuthie nsplatientpreckssgal dryers,
batch or c nation of
an appropr :agélg&ggﬁﬁ% con Fl%(llﬁéﬁéeni gx%rQO @89&% ‘ﬁméi{g?rﬁ h’{l E&fer@gfsghg of skill
in the art neftolerneveuheifupctionplizingragenthefaseit hﬁsﬁlactxcmbluz;drﬂmRREe Koplesonpl et el y

i sol ating P . to the
dovorat i 1 e A BAR N BB Al int 15ih B BRRRRE, D
resi ns may pbssitieditiingleo pdsselbli:emcaﬂdiﬁnlcimiahgngexganuateievahltpwuguurmgdhd:| onal
ext ruders ‘il al so be used. Possible variations include nelt feeding the
one or mor&TE¥ins into the devolatilizing extruder or melt feeding the
functionalized PPE fromthe devolatilizing extruder into a second
conpoundi ndn en¢ embkeimers, the lfinctignalicing iagant irsheleofompvesds. hatingdmoth g y, in one
enbodi nment i bilj | e f S Wi t hout
complete i scgrlbérg?%ﬁé%&uk)‘ﬁéb%ﬁ%%c %g%ogfﬁa%e%?rﬁgﬁgo ﬁi@ag ea?!)eragtn%r FFEins can
vary w del pf&mcgrm@rboﬂémmgiaﬁehrbabqhadddi iavid sinltyainides) adid amidek, aciingsets| bi | i zed
bl ends. Suchmgddl t] ves | ncI ud ifiers, lubricants, fl.ame

retardants] FS"FFP’S g&f’ﬂlﬁr‘? caboxy s ey 2RoRn ¥ hon fibers

and fibril 31,1us&mdvet&»mpbudﬂe us&metﬁawdmbl.memerrﬁndnaﬁdlmimnmltwmmmud@oI yesters)

ol yaryl ene sul fides, polycarbgnates,, 15 WO Q0/ 46274 PCT/ US99/ 29060
polyary maleic anhydride, pﬁxm%nc acid, male?mxdes such as N-phenylmale\m(x:c-lre and 1,4-

phenylene-bis-methylene- alpha , alpha '-bismaleimide, maleic hydrazide,
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pol yet heri m des, functionalized polyol efns, polysulfones,

pol yet hersul fones, and the like. All patents cited by reference are

i ncorporated herein by reference. In order that those skilled in the art
wi |l be betwebosalbise to practice the invention, the foll owaerusswvagopl es are
given by way of illustration and not by way of limtation. ExanQes

Pol ynmeri zat i R s eg reaction
condi tions 5&@1%%%:&%“3% ng’be'?}y&lsp@ﬁé @R) é{fi&? txnsg(r)(ﬁg? l}‘%)e(r%ﬁé)élh ét)’ge}'ﬁ?)?@r)ar ed by
S]Ei {r: ng anirgtla@ ontho estpns(aué rrie:hacrytm atha eiﬁrstg;amfatdi earbdxy{nyhcm(rjnude in 100 m
of tol uene. cata t ansf ernr irre ass
reactor eqff aﬁﬁg’& H%a‘ﬂeﬁhﬁ% 15pefd ang Fei“hagm% SPTap‘ﬁ?‘Faé iﬂﬁ?}é uh 8% alg'Lr oxygen
and nononeklcotldl aadicebtyt aleshol axid msyg&med amined Elmﬁwsedlyh&ﬂﬁe mhietrhdctyl om of the

reactor and a solution of 7 X in. 100 M of toluene is added
t hrough a ﬁ‘BF‘éﬁahﬁ of Hpsarumsts 8 %é&)spﬁicf‘oﬁ %Fei’fyraﬂ“é@h“%mﬁf"é‘? ’E‘Cg "We rapidly
stirred sobutylafhonilite ﬁiﬁfﬁerﬁimﬂﬁesl csf sﬂi&h l’ﬁji;ﬁéalll@dagbﬁtb tfbrapreyaritly WUt 40C to
about 45C148C towards the end, o culating water froma

const ant t Bmpaenatizadd BEqirg dF‘H"F‘BEPgH‘ ‘tJISeP‘?,‘oHP‘i ﬁ&lé(%f’ 4 Worobut-888.3%h ght  bui | d
i's continuguss yafiggi tored with a typical reaction tine to target LV. of
about 100-107 mnutes. In the glass reactor vessel) the copper catalyst was
conpl exed b the addi tj on  of | exant. |i ke nltrllotrlacetlc aci d (NTA)
or other cOPpPPIYEHPI B4R %ﬁ wﬁaohnﬁyl&‘r qelds ¢ gres dlsapmpaile P RFPAFIAR aqueous

l'iquid phaggctiddafiz0wPE] h{cﬁfdh@fh thé BRUPAS sRBiRE, AXd, 'ﬁ&te‘ihﬁ‘lplzoth%ﬁkﬁaﬁ§ and the
t enperature vvas apProm mately 55C. The catal yst was removed with

cent ri f ugaPelparborglic aqjgs, e acubepiersaenressated by disdformyla:nough the conditions are
for a | aboratory scale reaction they in general scal eable to conmerci al

processes g&()?] lﬁ@O@K"E}nKOONRH'Rﬂ’I)CI al equi pnent w thout undue burden by one
of skill in the art reconcentration: Typical conditi ons for a commerci al

scal e are as follows, The PPE cont ai ol.ution is ed_ to a
t enper at ur@v grengt 1y g lingar ?4‘?5@"?%&@%'& t&‘% hghan&@ygrgg% W&t on is
fl ashed t 02§, ﬁfa‘bﬁysﬂrte ll()ﬂczﬁrbtﬁd adhs VRS BelelcdtelPRions Mel glous eoispiihg @F at | east

about 65 % e hig ﬁFYL IeveI i.,s desirable to reduce_t he soI vent | oad
to the tot AYAPEHIOANa SREner qarpepyhienyerenpaf Igadf pefsmblyi! i6 hout
preconcent gk Seferab cs@&dmbm@rxsltramrsg%mmgesbebﬁhﬁ efdfre@edagfi € t he
flash vesse 0 barT before the flash vessel - 260CFeedrate to the

flash tankRJisindependestly prlqctadsfram the group|cqagisting eEhydragen or prpaikylps agyi

i sol ation: %m B of $BHAL tePHD LRbd AR axfeiralab%aﬁ&hqdm%tcamnaa&&ve&&tnﬂlI zing
extruder. The preferred devolatilizing extruder is a co- rotating twin screw

ext r uder wralnChRa lbmd&p@@antb'aﬁwmeriuftow thilgreupproasistingoissentially, ofhydiagen | ng
sections afagagf{lﬁyl% LEA ﬁlt EQ% :%Vleto 18VhréftBly £ 166 8L Hbk gré?%:)rﬁtgy 1to

Functi onal Ion 1n For’ ‘conmpari'son purpose ext ruder
descri bed Hetashenyaems)aed <fqa;al tpHeanﬂdndts)mamtzn than FlFlEluplom/cﬂepre(meﬂ. 32 dl/g).

equal to 2 or 3, and n and s are each greater than or equal to zero; and wherein (OR")
is alpha or beta to a carbonyl group and at least two carbonyl groups are separated by
2 to 6 carbon atoms. Obviously, R, R", R™ and R" cannot be aryl when the

respective substituent has less than 6 carbon atoms.

Illustrative of suitable polycarboxylic acids are citric acid, malic acid, and agaricic
acid; including the various commercial forms thereof, such as, for example, the

anhydrous and hydrated acids. Illustrative acid esters useful herein include, for

11



Extruder type) characteristics and settings: 17 WO 00/ 46274 M nj

| engt h25DZone |

usedFeeder :

- extruder
Prism 16TSE. Screw typeTwi n self cl eani ngTenperature nose: 290Scr ew

: 284Di anet er 16 nmZone 2: 302Speed300 r pnZone 3: 240Vacuunmot
Wwohodangue=60% ( 14 Nm). PCTNS99/ 29060 Each of P€T{6599/29060

functionalizing agents bel ow was m xed with PPE at a | oading of 2 weight

percent basggm@e, dc

(Me116, np=

extruded S afif

of PPE—grafte

hyl gitrig goid- amide;

npl e was di ssol ved in of tol uene and then

1 ¥¥krhtgAhd Bond- had/B’P&-stea}yl kitfibs lafd theilfte. (Suithible RAWMer
300 C. b) Mlefic Anhydrlde&m& mlled pellets %98
C, bp=200 @mi f'é) usefu) dreepin nelidea for yaxamBple, dpRydiet

dﬁ,g CHBE Geid 'ahtdb; Mheﬁylmesc@tmﬂ@e ffé A eB I &iric Fae.a'afm@t lon: 10 g

np=55

189 C). The

preci pi t at Q8N ﬁldee.QY’(ﬁlm‘?@Fﬁa@ﬁb‘l’e gngrN- Ftsldea}’idnw acid amide; Redivativgs ebbhed with

portions ofg
were dried

?{EE&BQEQ%CMIE 11%@%% Elrgm% \E'sg Hé E}%]Ep?@c%cé) [)tlﬁg &)FE@&?'

invention. Examples of suitable functlonahzmg compounds can be found in U.S. Pat.
Nos. 4,315,086, 4,755,566, 4,873,286 and 5,000,897.

Other useful functionalizing agents useful in the process of the invention for
preparing functionalized PPE include compounds containing an acyl functional group
and at least one species of the group consisting of carboxylic acids, acid anhydrides,
acid esters, acid amides, imides, amines, ortho esters, hydroxyls and carboxylic acid
ammonium salts. Non-limiting examples include chloroformyl succinic anhydride,
chloroethanoyl succinic anhydride, trimellitic anhydride acid chloride, 1-acetoxy-
acetyl-3,4-dibenzoic acid anhydride, terephthalic acid acid chloride, and reactive
triazines including epoxyalkyl chlorocyanurates and chloroaryloxytriazines.
Additional examples can be found in U.S. Pat. Nos. 4,600,741 and 4,642,358.

The amount of the above mentioned functionalizing agents that is required to
appropriately functionalize the PPE is that which is sufficient to improve the
compatibility between the various components in the final composition. As previously
discussed, indications of improved compatibility include resistance to lamination,
improved physical properties such as increased tensile and impact properties and a
stabilized morphology between the blend component phases under static or low shear

conditions.

An effective amount of the above mentioned functionalizers, based on the amount of
the PPE, is generally up to about 8% by weight, and is preferably from about 0.05%
to about 4% by weight. In the most preferred embodiments, the amount of
functionalizing agent is in the range of about 0.1% to about 2.0% by weight based on

the amount of the PPE. The actual amount utilized will also depend on the molecular

12
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WO 00/ 46274 PCTNSQ9/ 29060 PPEPPE- g- FAPPE- g- MAPPE- g- GVAType

_“extruded'[ Aci d] [ Anhydri de] [ Epoxy) IV (dl/g)0.390.380.370.39grafting

(~eq/ g) - 638022Conversion (9% -18.639.215.6 Cal cul ations grafting: a.
PPE- g- FA newg o/4se74by acid titrati on with sodi unet hoxi de. SUTN9929068\t % FA
---- 172 pmol FA/g ---- 345 p,eq acidlg After extrusion: 14b peq acid/g =

73 ~mol FALgight of the BacténiliAhs Qpendl @6 imibet bttty
FA/g a 0.37 Wt % Canversign: 321172 x 100% = | 8. g% rafting b. PPE-g- MA
measur ed bynolgenlg of functignaligingpgent addhe dreres st Fefepatlstlgy B
pmol FA g ginflQésiPelendsdntositibh.t er extrusion; 144 ~eq acid/g =144 pmol MN g
-- - 1.41 wt% After precipitation: 80 ~eq acid/g --__ 80 unol MANQ ----

0.78 wt % Conver si on: g(g 204 x 100% = 39. 2% gr

by FTIR on
---- 141 ~
69 |t nol

CopeRyeof

g --__ 69 peq epoxy/g
PPE “containing solution. Pressures of about 35 to 50 bar are desirable with solution

temperatures increased to at least 200°C, preferably of at least 230°C. A solids level
of PPE of at least 55%, preferably of at least 65% or higher is desirable.

A total isolation process is preferred for isolating the PPE. As part of the total
isolation, a portion of the solvent is preferably removed in order to reduce the solvent
load on the total isolation equipment. Functionalizing agent can be effectively added
to the PPE at several locations during the isolation process. For example,
functionalizing agent may be added prior to removal of solvent, the functionalizing
agent may be added during the concentration of the reaction mixture, or both.
Likewise, functionalizing agent can be added with the concentrated reaction solution
into the final devise for solvent removal. Functionalizing agent may alternatively be
added simultaneously at several different locations. The selection of the addition
location may be dictated by the actual equipment utilized and by the properties of

functionalizing agent with a determination of an optimum location.

The final isolation of the PPE is preferably carried out in a devolatilizing extruder
although other methods involving spray drying, wiped film evaporators, flake
evaporators, and flash vessels with melt pumps, including various combinations
involving these methods are also useful and in some instances preferred. As
previously described, total isolation is preferable from the viewpoint that oligomeric
species are not removed to the same degree as with precipitation. Likewise, isolation
yields are extremely high and are near quantitative. These techniques require
however that the catalyst removal be completed in the prior process steps as any

catalyst remaining in solution will necessarily be isolated in the PPE.

13

0 Df 18&LtiRE IsPéiesdpes 2 PN
that ip dggirsd fmthe = 204

afting c. PPE-g-GVA neasured
e PPE\ggtsiings oiiis Bersommsisdobisrauensothay o6 G
ssufdVhY O sctvekdt Hastefks@d Whvlé Preférhifly iRordaking iR enBerddird\b/MEPOXY/ g - _



After extraction: 0.31 w % epoxy/g -_= 22 Itmol GW g ---- 22 peq epoxy/g
Conversion: 22/141 x 100% = 15.6% grafting. PPE Functionalization in
Solution To illustrate the utility of functionalization of PPE in reaction
sol ution, awROOMeTght percent PPE sol ution in toluene conP@l/HSMEI080 5 wei ght
percent of functionalizing agent was purged with nitrogen and heated at
about 240C mvbtatiﬁﬂh&f ekthiaBrsfaa8 P@&essss A0 bW i the alshd! eIl PRVARE YNt Was
renoved by devolatilization. The procedure for functiodnali'ty neasurement

i ncl udi ng ewin-sseaw eXrudst epiprsdovith Fwitipls yenting seetionp dovesplyent rgmavak ext r uder
grafting p . ol Y r el ' % and
fumaric ac?‘gltBSdie.g&ﬁ{’l/glin%g eggﬂde%eﬁgge%ﬁégyc%@éggb?ﬁ{}gﬁg%@\g/rgw%ypg,z Oﬁi gher
grafting efefldmentsradapted éaredush pperationm ex pinple: tedibg.adeveldtilidatibn ek ligridcess of

t he present_] J . 0 Toe i ' ' f prior
art. These Sﬁﬁ@%é‘? %ﬁ%o%%%{ lgag%eoﬁﬁgg%g@g%asggﬂ él?’?%dr%gﬁﬁ%"%‘f lLsE)gI osure
cont ai ned hén@e nrang®rt, alD ro@is¢EightedCokewBind Widindiiee] clemensdto pIGTIEIS99/ 29060

1. A process, to produce functiongl ,zed | nyl ene ether resin, said
proc eg s coﬁB‘F?séYeﬁ’é“xé% a‘é‘fl‘f'v 4 %ﬁﬁfﬁﬁhgﬂﬁ%m%?yr é%?‘ﬁ i%% °%‘81“?5¥°‘a§‘ﬁ8’a‘?°“r east one
Total catal Yot Lo ot oduce. & polyohanyLone ether Toocns fomoying af |east a
netal ca | . ’

por ti on of S ta aflfals eihigien Ao Hipughitne diR oF i eatsrial i g Sk

pol ypheny! eqeipfleftefs dvaflable dioii Rgricks haafdctueane indedind tRNafbtcaienficred _
devol atilization of, the reaction solvent. 2. The process of claim1 wherein
the functi ongAingErgBFerHAnG he pol yphenyl ene ether resin is at |east partly

done in a flash process to concentrate the pol yphenyl ene ether resin
reacti on sdhutheOpractite dheheppesesinvéntiohAitiie preMesedi donédneraded ngdlutional i zat i on

of the pol yphenyl epe er resin |s at least partly done in

devol atil i i{‘)’ﬂ@ ﬁﬁdﬁé. i, fed o ﬁt‘ devalaliping Sxttutar pmainialpedoat o

functi onal igffdrsifireOfesst tHan RBLMPHEVE| BRE pRiISly N8I tharf QBRI BB8C,alitpW Ng the
pol yphenyl ene ether resin to react vvitﬁ a functionalizing agent having both
(i) a car bamesstpointheiyapme rohal Isss thaw abay6r-karr Fbm ckact frmeperatirg vathd (i 1) at
| east one sPRGIGS la?%e peRCnIhOLY. SIS ddadhOforefdA@ihY Vistosty atldciaRg! d
anhydrides, acid esters, acid am des, imdes, amnes, ortho esters,
hydroxyl s awith Betddbxgsin. cThedimstiapabiging agens eantbe added arveriqys decations glong | ai m 4
Sonsi st ng 5t “REP oF FE oxEula wAgFby Suls, THE Rl AR ol R s Brerkily O O1P

1, 4pheny| erredused tonessthirestout | H0eppui, preferalily tasmthen mbais 60fapwf ardl thestir azi de,
met hyl nadi ¢ hyer i f ils, acrylate ortho esters, nethacryl ate
ortho est erp§, crﬁﬁ alt?sg?})aaflég‘;%é?(g%é(@l ic acids, unsaturated al cohols,

unsaturated am nes, and trial kyl amne salts of unsaturated acids.
Another unexpected result obtained through the use of a devolatilizing extruder was

the extremely high yield of PPE achieved in the process. For example, a PPE yield of
over 99% was obtained even for PPE having a low L.V. (typically on the order of
about 0.08 dl/g to about 0.25 dl/g) whereas in the precipitation process known in the
art, the yield of similar low 1.V. PPE was less than 90%. Thus, the present process
comprising a devolatilizing extruder affords a method to prepare functionalized low
molecular weight polyphenyiene ether resin, typically within the intrinsic viscosity

range of about 0.08 dl/g to about 0.25 dl/g, in a yield of over 90%, preferably over
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21 WO 00/ 46274 PCT/ US99/ 29060 6. The process of claim4 wherein the
functionalizing agent is at | east one species of the group consisting of
mal efi ¢ anhydride, itaconic anhydride, aconitic anhydride, fumaric acid,
and deri vatwodg4e2her eof . 7. The process of claiml wherei RCTAI899/29060
functionalization of the polyphenylene ether resin conprises allow ng the
pol ypheny| Qg Shig prERabl bk R9E Brefolf} 00204rE | BAUEM WOMDT | S1 O
al i phatic pol'ycarboxylic acids, acl d esters represented e fornul a
(R10)", R( C@mwpwfmwlmgmﬂeﬂmthleb)gdﬁlvmcn@émgor br anched chain,

sat ur at ed aliphatic hydrocarbon of from2 to 20 carbon atons; R is

sel ected f rqput heing! £ WRvARNZhtdd Betnfibr fwldmegfo?al%l%@lome i@ vly. acyl, or
carbonyl dioxy group of 1 to 10 carbon atons; each R-1 1Is |ndependently
sel ect ed f riynstionelizgd BBE ag prexioys fesgrited, itynas cﬂ@,@d that traditlamalyahdwatalrgﬂ group of
from1l to edfrom
the group g\gngﬁasr Pa ?’nmggg%gfnstt?gﬁ%ﬁi %droabevr%d ISPQE(EP%%&% exn"§‘§ry group of
from1l to Ilelletardage umbceptablm esulte quresumably 1dwentd ¢he lb“s)neiltsstgﬁngﬁt ard t han or

equal to 2;. d r r en, tha ual fL.9, and wherein
(ORS) is al'B artenct)%rg@? 3%1% gf gog‘k?l@o\%y]ﬁ%t %ﬂ"" t e‘[c'a?\,% WPyl gr oups
are separ attedmhmes? chro o@emambahesatcbffnuhmd v!jelﬁdl tﬁc]‘ﬁht)ueR‘IhClutRlHIc-W Rw
cannot be ar respective |tu has & t ha rbon
atoms. 8. ‘bz\?"ﬁ%ggg‘é‘lm%r*g‘féﬁi”‘fewiﬂ% oF 7R zll""f‘ﬂgra‘{ LM Y 5158 lic acids
and aci d esefietization asing @@kt sﬁﬁylﬁg%ﬂﬁﬁbrﬁﬁont di6p PElltiRatioANGitts uhdegwatér Citric
aci d, nallc cid a cCa and the anhydrous and hydrated aci ds

t her eof . ﬁtézati?'b%@?'éa l?’fS“B;bé? m 1 wherein the functionalization of the

pol yphenyl ene ether resin conprises allow ng the pol yphenyl ene ether resin
to react wiTHe cmlledtaﬂBRE pellts§ dan o idﬁétahs'nﬂg' RehniqiRs ktakdard il the BE irtluday |

functi onal ro ?ég}, #2 st one ecies o he gr.oup, consi sting of

car boxyl i c a ©F cFé’Et“‘ B% PVER s, I qeds. and il bikgyr ¢ ho

esters, hy CiD&&’xﬂlﬁat@ﬂ df frddppeopriateGettsFicOndiioHa! RhrIB ﬁaaltySdetemmeIlay ok¥ ecess of
claim9 wherein the functionalizi ng a?ent is at |least one of the follow ng
1

chl or of or mAkilkindhs 31t withoth yadue gEperi@EnBHeRt hanoyl succi ni c anhydri de,
trimellitic anhydride acid chloride, 1-acetoxy-acetyl-3,4-dibenzoic acid
anhydride) 22 A¥AnMiedfafiveltd completely isolating the functionalized PPE, one or more

resins may be added to the devolatilized functionalized PPE in the same process. The

one or more resins may be fed into the devolatilizing extruder although additional
extruders may also be used. Possible variations include melt feeding the one or more
resins into the devolatilizing extruder or melt feeding the functionalized PPE from the
devolatilizing extruder into a second compounding extruder as well as combinations
of these. Accordingly, in one embodiment a compatibilized blend is afforded by the
process without complete isolation of the functionalized PPE. The one or more resins
can vary widely and can also include additives common to such compatibilized
blends. Such additives include impact modifiers, lubricants, flame retardants,
pigments, colorants, fillers, reinforcing agents, carbon fibers and fibrils, and the like.

Preferred resins include polyamides, polyesters, polyarylene sulfides, polycarbonates,
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PCT/ US991~9060 terephthalic acid acid chloride, acrylic acid chloride,

nmet hacylic acid chloride, epoxyallryl chlorocyanurates, and

chl oroaryl oxytriazines. 11. The process of claiml, wherein the

devol ati | i z&0iowws2746 acconplished at least in part wth a REVEHHRY064 zat i on
extruder. 12. The process of claim1 wherein the nonoval ent phenol species
conpri ses gokethphidyd, R iehalizdCpolydléing) ghREHork, golyethiershifoies) fidhd he
functionalized pol yphenyl ene ether resin has an intrinsic viscosity within
the range &Keabout 0.08 dl/g to about 0.60 di/g as measured in chl orof orm
at 25C. 14. The process of claim1 wherein the functionalized pol yphenyl ene

et her resi AJhA%endtittdby tefitnte YieSiddgiotatedNekdih By tdf@ericange of about 0.08 dl/g
to about 0.16 dUg as neasured in chloroformat 25C. 15. The process of

claiml1l wherein the devolati.lization i cc |ished at least in part with
a devol at i I?? oudex &’ﬁt tg%er%ﬂgp in, g aétnw{l}n}?:?é?‘aért %ln})iﬁ’é?r?&ci’ gﬁr‘.'wef@f’“’,&ﬂbr ocess to
produce a ¢sliopadg dxampiee arelpiven By ohy af illastsafibe md b By @4} 6f lithifion. and at | east
one ot her polyner resin, said process conprising mxing: i. a

functional ized |80| yphenyl ene ether resin made by a nethod conpri sing
oxi dative ?ﬁ%‘ﬁ?-r%g in a reaction solution at |east one nonoval ent phenol
speci es using an oxygen containing gas and a conplex nmetal catalyst to

produce a [Rolymstiestioh®eactioshher resin; and functionalizing the pol yphenyl ene
ether resin during at |east one isolation step for the devolatilization of

t he reacti i S I : . r sin to the
functi onal ?‘2‘5@%“3@&@%%%%%@ xggnh%;%drrg%lﬁﬁn \‘?\%’t{aﬁ%h?%gyéi e:ag’re]b(()v? t he
functionalized ?&'f yphenyl ene ether resin. 23 WO 001 46274 PCTNS99/ 29060

17. The process T catalyst ipluBonpry e prenarrd byustirring Adil igzoft qupreus bramide
pol yphenyl gpe @4 g%rf di-RHufy1 birlin '120?&& oPRiehd, SRNGud1Pht %@ﬁ&@@%ﬁ: to

concentrate the pol yphenylene eth resin reaction solution. 1

process of oo¢ Hienstingd\ginss tepeton quipperhwith amintemed coading 6l andeinlsbiupestfeny| ene
et her oxygen and monomer. A rapid stream of oxygen is introduced near the bottom of the
reactor and a solution of 70 g of 2,6-xylenol in 100 ml of toluene is added through a
metering pump, over a period of fifteen minutes, to the rapidly stirred solution. The
temperature is maintained initially at about 40°C to about 45°C/48°C towards the end
of the run by circulating water from a constant temperature bath through the cooling
coil. Molecular weight build is continuously monitored with a typical reaction time to

target [.V. of about 100-107 minutes.

In the glass reactor vessel, the copper catalyst was complexed by the addition of a
complexant like nitrilotriacetic acid (NTA) or other copper complexing agent in order
to solubilize it in the aqueous liquid phase. The equilibration time was approximately
70 minutes and the temperature was approximately 55°C. The catalyst was removed

with centrifugation.
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resin is at |least partly done in a devolatilizing extruder. 19. The process
of claim 16, wherein the devolatilization is acconplished at |east in part
with a devolatilization extruder. 20. The process of claim 16 wherein the

| east one oWb®0/4¢3®d yner resin is at |east partially addedPCTDUS489060

devol atilization extruder. 21. The process of claim16 conprising nelt

feedi ng the funaitheughlthe ehditfdns iafd for & RBGMREESdaltdre@tioh Y in generalN€ process
of claim21 wherein the | east one ot her polymer resin is at [east partially

added to t A@l@BlputRImgciak progesrs. camed phleIn, FofRBEISIabraRipBER: WEDHher i n t he
pol ymer reghdueibdrddh by 8AS6f RilEn kRN Sel ected fromthe group consisting of
pol yam des) pol yesters, polyarylene sulfides, polycarbonates,

pol yet heri m des, functl onal i zed pol yol efins, polysul fones, and

pol yet her s GTecORESRIAtON: The process of claim 16 wherein the
functionalization of the polyphenylene ether resin conprises allow ng the
pol ypheny! gggicsit buabitiofs ifér & GomaRftial ViichlB aie fablTolldvanalThe IFFE d@fdlhinpavi ng bot h
(i) a carbon-carbon doubl e bond or a carbagn-carbon trlfgce bond and (ii) at

| east one SPREIES PERCRERIOH ISTBerEifst ISt fott 28P°(caPIsays plccaatt bar; Thei d

anhydri des solagdris aEs kS0 w}p%ﬁne &M A8sh veddel QCPP‘?:‘,SstoﬁH§ corfoff 0P ¥ fesst and
carboxylic acid amonium salts. 25. The process of claim 16 wherein the

nonoval ent apawe A8 %.sPezhigh selisislavekis desirabledtp sedung thsiselvent. logtlto thenotah0/ 46274
PGT/ US99/ 2906808 gqm@na{t e Sufihald BEAHLesBntl Aot ,gr@a{nsczn%qn&?' Yighy! ene

et her resin, sai ocess conpri sing ative ¢ I'na eactl on

sol uti on aponmamn@mﬂ)bﬁénvent phenol species using an oxygen contai ni ng
gas and a conplex netal catal yst to produce a poI yphenyl ene et her resin;
removing at |easg e%r@?t?éi’l T el & TOPRLEX metat_cat al yst; and
functionalizingt e pol yphenyl ene etfher resin priof to at |east one

i sol ation step r devaolatilizationlof the reactioh solvent. 27. The
process of cl ai|l befonsttls Bash vessel: devql4s  R6PEt i on of the reaction solvent is
at least partly done in a devolatilifzing extruder. 28. 'The process of

claim 26 wherei chlealls-a‘tetbth ﬂfa?l%ﬁ zatTgy_ght e potyphenyl ene ether resin is
prior to a flash renova e reagtion solution.

T after the flash vessel 114 - 126°C

Total isolation:

The isolation is preferably carried out in a devolatilizing extruder. The preferred
devolatilizing extruder is a co-rotating twin screw extruder with a backfeed capability.

Multiple devolatilizing venting sections are preferred to achieve low volatiles content.
PPE Functionalization in an Extruder

For comparison purposes, the extruder described below was used for the
functionalizing PPE powder (IV=0.32 dl/g).

Extruder type, characteristics and settings:
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Al .AS3R Aly.Al[ RA y.A[3R AF. AH"MgG6MN Z
PG xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] caU] caU] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] caU|wajpwad2f«ca] cRaU] cal] cal] cal] cal] ca
GR$3YGE.bO wn} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal] ca] ca] ca] ca] ca] ca]
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10 g of PPE-grafted sample was dissolved in 75 ml of toluene and then precipitated in

1 1 of methanol for FA and MA, filtrated and washed with portions of methanol.

For GMA acetone was used instead of methanol. Samples were dried for 8 hours

at 90 °C/50 mmHg

Results grafting:
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GMA
Type ‘extruded’ [Acid] [Anhydride] | [Epoxy]
1A% (di/g) |0.39 0.38 0.37 0.39
grafting (ueq/g) | -- 63 80 22
Conversion (%) | -- 18.6 39.2 15.6

Calculations grafting:

a. PPE-g-FA measured by acid titration with sodiumethoxide.
Start: 2 wt% FA = 172 pmol FA/g = 345 peq acid/g

After extrusion: 146 peq acid/g = 73 umol FA/g = 0.85 wt%
After precipitation: 63 peq acid/g = 32 pmol FA/g = 0.37 wt%
Conversion: 32/172 x 100% = 18.6% grafting

b. PPE-g-MA measured by acid titration with sodiumethoxide.
Start: 2 wt% MA = 204 umol FA/g = 204 peq acid/g

After extrusion: 144 peq acid/g = 144 pmol MA/g = 1.41 wt%
After precipitation: 80 peq acid/g = 80 umol MA/g = 0.78 wt%
Conversion: 80/204 x 100% = 39.2% grafting

c. PPE-g-GMA measured by FTIR on epoxy-group
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Conversion: 22/141 x 100% = 15.6% grafting.
PPE Functionalization in Solution

To illustrate the utility of functionalization of PPE in reaction solution, a 20
weight percent PPE solution in toluene containing 5.5 weight percent of
functionalizing agent was purged with nitrogen and heated at about 240°C with
agitation for about 30 minutes. The reaction solvent was removed by devolatilization.
The procedure for functionality measurement including extraction and product

isolation was followed as in the extruder grafting part.

Grafting efficiency for maleic anhydride was 67.2% and fumaric acid 87.1%. As can
be seen by these illustrative data, higher grafting efficiently levels were unexpected
obtained with the process of the present invention as compared to PPE

functionalization of the prior art.

These and other embodiments should be apparent from the disclosure contained

herein.
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polyphenylene ether resm, removmg at least a pomon of the complex metal catalyst;
and functionalizing the polyphenylene ether resin during at least one isolation step for

devolatilization of the reaction solvent.

2. The process of claim 1 wherein the functionalization of the polyphenylene ether
resin is at least partly done in a flash process to concentrate the polyphenylene ether

resin reaction solution.

3. The process of claim 1 wherein the functionalization of the polyphenylene ether

resin is at least partly done in a devolatilizing extruder,

4. The process of claim | wherein the functionalization of the polyphenylene ether
resin comprises allowing the polyphenylene ether resin to react with a functionalizing
agent having both (i) a carbon-carbon double bond or a carbon-carbon triple bond and
(it) at least one species of the group consisting of carboxylic acids, acid anhydrides,
acid esters, acid amides, imides, amines, ortho esters, hydroxyls and carboxylic acid

ammonium salts.

5. The process of claim 4 wherein the functionalizing agent is at least one species of
the group consisting of maleic anhydride, fumaric acid, N-phenylmaleimide, 1,4-
phenylene-bis-methylene-alpha,alpha'-bismaleimide, maleic hydrazide, methylnadic
anhydride, fatty oils, acrylate ortho esters, methacrylate ortho esters, unsaturated
carboxylic acids, unsaturated alcohols, unsaturated amines, and trialkyl amine salts of

unsaturated acids.

21



10Z-10%&' ()-! @ $10%x& ()-'10%& ()-110%& ()-109& ()-10%&' ()-g}j~m-n~o~p~| ~
~~bC 10Z910%& ()- @ g109%&' ()- GLOY&' ()- 10 10 10510% ()-,/10%& ()-z~+JdEbC

10Z9Y10%&' () - 109& () - 10%& () - 109%& () - S10%& () -
W06y 5109 ()-' 109& ()- 3109%& () - 1098 (HCTABIRNOR’ () -
z10%&' ()-u] CA 10%& ()- A 10%& ()-

Y1098 () -
109& () -

109%&' () - zMLOY&' ()-! &L0%&' () -!

109& () - A6. The process of claim 4 wherein the functionalizing agent is at least one species of

the group consisting of maleic anhydride, itaconic anhydride, aconitic anhydride,

fumaric acid, and derivatives thereof.

7. Thé process of claim 1 wherein the functionalization of the polyphenylene ether
resin comprises allowing the polyphenylene ether resin to react with a functionalizing
agent comprising aliphatic polycarboxylic acids, and acid esters represented by the
formula (R'O)mR(COOR™),(CONR"R™), wherein R is a linear or branched chain,
saturated aliphatic hydrocarbon of from 2 to 20 carbon atoms; R! is selected from the
group consisting of hydrogen or an alkyl, aryl, acyl, or carbonyl dioxy group of 1 to
10 carbon atoms; each R" is independently selected from the group consisting of
hydrogen or an alkyl or aryl group of from 1 to 20 carbon atoms; each R™ and R" is
independently selected from the group consisting essentially of hydrogen or an alkyl
or aryl group of from 1 to 10 carbon atoms; m is equal to 1 and (n + s) is greater than
or equal to 2; and n and s are each greater than or equal to zero; and wherein (OR') is
alpha or beta to a carbonyl group and at least two carbonyl groups are separated by 2
to 6 carbon atoms and wherein R!, R”, R™ and R"Y cannot be aryl when the respective

substituent has less than 6 carbon atoms,

8. The process of claim 7 wherein the aliphatic polycarboxylic acids and acid esters
is at least of species of the group consisting of citric acid, malic acid, agaricic acid,

and the anhydrous and hydrated acids thereof.

9. The process of claim 1 wherein the functionalization of the polyphenylene ether
resin comprises allowing the polyphenylene ether resin to react with at least one
functionalizing agent containing an acyl functional group and at least one species of
the group consisting of carboxylic acids, acid anhydrides, acid amides, imides,

amines, ortho esters, hydroxyls and carboxylic acid ammonium salts,

10. The process of claim 9 wherein the functionalizing agent is at least one of the
following chloroformyl succinic anhydride, chioroethanoyl succinic anhydride,

trimellitic anhydride acid chloride, 1-acetoxy-acetyl-3,4-dibenzoic acid anhydride,
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12. The process of claim | wherein the monovalent phenol species comprises 2,6-

dimethylphenol.

13. The process of claim 1 wherein the functionalized polyphenylene ether resin has
an intrinsic viscosity within the range of about 0.08 dl/g to about 0.60 dl/g as

measured in chloroform at 25°C.

14. The process of claim 1 wherein the functionalized polyphenylene ether resin has
an intrinsic viscosity within the range of about 0.08 dl/g to about 0.16 dl/g as

measured in chloroform at 25°C.

15. The process of claim 1 wherein the devolatilization is accomplished at least in

part with a devolatilization extruder and an underwater pelletizer.

16. A process to produce a compatibilized blend of a polyphenylene ether resin and at

least one other polymer resin, said process comprising mixing:

i. a functionalized polyphenylene ether resin made by a method comprising
oxidative coupling in a reaction solution at least one monovalent phenol speciés using
an oxygen containing gas and a complex metal catalyst to produce a polyphenylene
ether resin; and functionalizing the polyphenylene ether resin during at least one

isolation step for the devolatilization of the reaction solvent, with

ii. the least one other polymer resin to the functionalized polyphenylene ether resin

without isolation of the functionalized polyphenylene ether resin.
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210 oF 18. lT:{ig process(o)f claim 12 ﬁerem the fu%l%t%glalizatmt(l )of Ipolyphenylene ether

resin is at least partly done in a devolatilizing extruder.

19. The process of claim 16, wherein the devolatilization is accomplished at least in

part with a devolatilization extruder.

20. The process of claim 16 wherein the least one other polymer resin is at least

partially added to the devolatilization extruder.

21. The process of claim 16 comprising melt feeding the functionalized PPE into a

compounding extruder.

22. The process of claim 21 wherein the least one other polymer resin is at least

partially added to the compounding extruder.

23. The process of claim 16 wherein the polymer resin is at least one resin selected
from the group consisting of polyamides, polyesters, polyarylenec sulfides,
polycarbonates, polyetherimides, functionalized polyolefins, polysulfones, and

polyethersulfones.

24. The process of claim 16 wherein the functionalization of the polyphenylene ether
resin comprises allowing the polyphenylene ether resin to react with a functionalizing
agent having both (i) a carbon-carbon double bond or a carbon-carbon triple bond and
(ii) at least one species of the group consisting of carboxylic acids, acid anhydrides,
acid amides, imides, amines, ortho esters, hydroxyls and carboxylic acid ammonium

salts.

25. The process of claim 16 wherein the monovalent phenol species comprises 2,6-

dimethylphenol.
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resin is prior to a flash removal of the reaction solution.
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