WO 03/ 014191 PCT/ US02/ 15726 PROCESS AND APPARATUS FOR PREPARI NG A

POLY( ARYLENE ETHER) BACKGROUND [ 0001] Poly(aryl ene ether) resins are well
known andwwaiodel4toused thernopl astics val ued for properti @€Tiuso2/isieig heat
resi stance, sti ffness and hi gh inpact strength. The desire for

i scovery of TRALTERTyNALTAKIS AR PREFARINEA POETIRITEREIRRILE G 1 e

nononer conposi tion that enabl e i nproved heat resistance as nanifested in
properties includin ‘3%1%' ass transition tenperature, heat distortion

t enper at ur eBAGKEHRD softening tenperature. [0002] Various nethods of
preparing poly(aryl ene ether) honopol yners and copolyners are known. U.S.

Patent No. 3, 306[}<]>8<7 xioquéhglengeeﬁéﬁl kasidesed 1 hap mmrﬂa;ddormaa pheqwol s to
pol yphenyl ene ethers an I phenoqui nones, U.S. Patent 811 200 to

Yoneni t su ethempoplagtiefevaied, foferrepsriessinshgingy et SCsistingti %ifﬁﬁSSBGU@é“%I e
percent of f:tdh gfhyl ArhE N@sir R0 mnefrrxgﬁéshf &H’%oggo@s W?chem&%ﬁsgg Neat

2,3,6-trinet mononer units Pat ent . 4,463,164 to
Dal t on et ateslstgmeehasl fyelade thor dibesery pir polp@ayleneorther) gees M@th wplecular

Py heny  eBelS ffetor SRARALS LAANIA it St ARG ARG aPnonol s

in the preseneo a co I'n'a medi um
sol vent f or mahifested nmlmropartd:s cmt]aﬂlylgt glassd transitom- sephpegatoref dweatt Higtortion

pol yphenyl e e et rr of particul ate solids containing the
pol yphenyl e E‘pgrta é?’ aﬂ(?&ol pl%?%?lgg% Weshing the slurry with an aqueous

sol ution of a chelating agent to rem)ve catal yst residue. The process my
utilize sol vent [08e3]Variogs nje@®0s pf breBarieapdy(eryine etheHoBnePolymersingd v et al .
general ly desc i bes_a es f rsoﬁ# kO et hers
by means of ‘P ﬁfé’m5>r<sl &at ?I\lloggnpolsu rsre%%e;é ?\Igg %;5 & H%y b&&%ﬁ"&ﬁécglﬂt er
oxygen or aoygdtﬁloﬂ@mq)henﬂm'@ pobiphenyllane etheysped, dlphwnoci[monps ebdhdateof Na.

catal yst, usl eratln in a.circulation s th the
precipitati %Rﬁo?& é? Ret Y6 ﬁ% 4l Bop ]13f Aeseritys cRAYPER c%éﬁstl%%()rﬁ@% ol
preci pi t at egergmt yrassr 2 6 amwﬂr}ﬂphamﬁmsm;mdmovmmed andnd5Q2r tmaé igeraemly be

recycled to glg ation reatct or. WD 03/014191 PCT/ US02/ 15726
2 —tr1 ¥ eno monomer uni

[0003] U.S. Patent No. 4,463,164 to Dalton et al. generally describes é process
for production of polyphenylene ethers, comprising oxidatively coupling monohydric
phenols in the presence of a complex catalyst and in a liquid medium which is a
solvent for the monomer and catalyst and a non-solvent for the polyphenylene ether,
forming a slurry of particulate solids containing the polyphenylene ether precipitate,
and washing the slurry with an aqueous solution of a chelating agent to remove

catalyst residue. The process may utilize solvent recycling.

[0004] U.S. Patent No. 4,556,699 to Bialy et al. generally describes a process
for the production of polyphenylene ethers by means of the oxidative polymerization
of 2,6-xylenol, with either oxygen or a gas containing molecular oxygen, in the
presence of a catalyst, by continuously operating in a circulation system, and with the
precipitation of the polymer in the liquid reaction medium. The precipitated polymer

is continuously recovered, and part of it may be recycled to the polymerization reactor.



[0005] U.S. Patent No. 4,906, 700 to Banevicius generally describes a
process for reduction of odoriferous poly(arylene ether) by-products, such
as 2, 3, oworossetibyl ani sol e, by continuously distilling anecCrasyriizeg t he
aromatic hydrocarbon solvent used in the poly(aryl ene ether)

pol ymeri zat i on. é&&)@ﬁ’@.;@‘?e%ﬁo?g?&é“%oat %ﬁgviéiﬁg &e&ﬂg%(e?c%lase{‘gro‘é‘ésger)
production process tha nore ef’fidi enf)ly UETTT 2eS raw naceri als to form
pol y(aryl erfer etrddaciior esf nodofitouar epolyi(arglehaiblether)n yhpropgwitsy mesuclz atas on

reaction m re. Ther.e further remains.,a.need for a ..poly(aryl ene ether)
producti on %#’g'éré@%thi’ ANEOGer 1O ¢ CRIUGUY | ?lfatk‘ﬁgg s8l ubrF@'Cng y%‘gr 91 ﬁﬁc et her)
resi ns t hathytiyarbén §cdveredsed fin the @oR (@ aieathedf poljiseridaton. ed i nsol ubl e

poly(aryl ene ether) resins. BRI EF SUMWARY [0007] The above-described and

ot her drawbacks | sadvant ages th riaor .art _are .alleviated by a

rocess Tor br odtehdbER SERObET GRater APRuARi s PR % R IR o)

coupl i ng a masadifdeéntly ileRelraw Mmaerfatsaot rmuseln@ryddne ctlyge Pestvnthati ate ng gas
and a | ex a st to duce a

in the presen of sol vent .CO t al t al r

sol ubl e pdvi?flg%lwefﬁ%P@W@Pﬁat%ﬁaﬁ“%gy % ﬁggied:ﬂﬁ efﬁﬁ%‘i}{'%?g}?%’r@r Bt her)
resin; SeD%foW(zirﬂEné lBer) Spbdiletien plcydsathytl emeieilyh efilizes 86iubleapidy(blyient nsol ubl e
poly(arylene ether) resin; and _recycling a g@rtLo .oflé e sol ubl e

pol y(aryl erféhes s thagwpybe formedhin the pregmce pHEG SFsited ol WKW €,

i ncl udi ng hePRRAAL US for formng a poly(arylene ether) resin, are
descri bed bel ow. BRI EF DESCRI PTI ON OF THE DRAW NG [0009] FIG 1 is a
sinplified_diagrammatic view of an apparatus for formng a poly(arylene
et her) resift ? 2is asinplified diagrammtic view of a

preferred apparatus for formng a poly(arylene ether) resin. 2 WO
03/ 014191 PCT/ URaR71 5K @boveEdeddribed abESEHek FiFd v ckd-ankHE siRRERERET thtyvBODI MENTS

[ 0011] One enbodi ne IS rocess for produci a. pol ryl ene.ether),
conpri si ngPrgk ALY Q%’P’W%@D’Bﬁ PIREESS TRrdHB H‘rgisz‘gﬁ@ﬁ% nei%(ea’ ¥%r5%rfsg}g' usi ng an
oxidatively coupling a monohydric phenol in a reactor using an oxygen-containing gas
in the presence of a solvent and a complex metal catalyst to produce a soluble
poly(arylene ether) resin and an insoluble poly(arylene ether) resin; separating the

soluble poly(arylene ether) resin and the insoluble poly(arylene ether) resin; and

recycling a portion of the soluble poly(arylene ether) resin to the reactor.

[0008] Other embodiments, including an apparatus for forming a poly(arylene

ether) resin, are described below.
BRIEF DESCRIPTION OF THE DRAWING

[0009] FIG. 1 is a simplified diagrammatic view of an apparatus for forming a

poly(arylene ether) resin.

[0010] FIG. 2 is a simplified diagrammatic view of a preferred apparatus for

forming a poly(arylene ether) resin.



oxygen-containing gas in the presence of a solvent and a conpl ex netal
catalyst to produce a soluble poly(arylene ether) resin and an insol uble
pol y(arylwpe3et41er) resin; separating the sol ubl e pol y(argrarse2ei7ber )
resin and the insoluble poly(arylene ether) resin; and recycling a portion

_of t he sol EQE?A oung%ﬁéw %8?%)1{13{1?1&15}3}{}?515%” ﬁ&gﬁ\%ﬁ& [0012] The present

i nventors a process to produce a po (arylene et her)
resin that is insoluble in the polynerization reaction m xture, the
efficiency and dPéUl&ievémbodihenthie s puressfonmyodveingngp polyéatyleye stpays at i ng
and recycl S yle [ r nt i.n_the

pol yner i zatél %ﬁ) rlrég ct ?)%ﬁﬂ 19612 Oxéﬂ{g\/\ﬁ ?‘gnﬁggérﬁhﬁgoé ilr}‘sga%%%%élgf]% %o

pol y(aryl ence(ygeﬂqecrn)auhngﬂgp@irymerpsesarm ofcogdveptrandsa comples npailtdatalysatd y usef ul

for poly(ar ne et I nthesjis .in

corpost 11 oo G AR R U ated KL a By s p phdie RN, and ¢ he
i nsol ubl e p@bmﬁ@{g/dhe@eluelehﬁﬂy(amye dihkf) eésid bamhedadohdidipsly(ahy@éht thefhere i s
Cthor) - syntftE S8 P TR DR LTE At 46T HJberReob g t he.
formula: @ Q H\ / OH Q@ QL wherein each QL is independently hal ogen,
Cl-C7 primary Or[O@Hq(Ihdaﬁryseﬁﬂ krwbntoﬂhﬁzmel foun@i&hﬁ?mhal pradeky lto pﬁidu@? a

am noal kyl C/7 h carb haI dr ocar bonoxy Wherei n at

st v SIHENIAt BHED SETRTEL & DTS e RO Oy JaTrgt SR e he. || ke
and each QZffisierdydgde fiﬂa&tivftthdmg cesf ahg®8, infploved b rsh?’@dtiﬁ oindsecondary
al kyl, phenyl, C(:’? C? Eal oaI Kk 1 %@ hydrcﬁ)))gar bonoxy Y 3gV\D 03/ 014191

PCT/ US02/ 1572sking amotoehie paly fﬂWFDerF@P present| g dag pqlmerbzap%waamns

separat e t hgixfat 0geRIcAhd m&%&ﬁrhp?ﬁ&'ﬁl% to d}(ﬂ?lehé léﬁuer)ﬁfo%ic%b@hie)’s, af@ach QL is
al kyl or phenyl, especially Cl4 a eac rogen or nethyl.

[0014] In £OpPMEISy Eds diFBisalar mseiul If@ w(ywpwéwgz ‘(‘étpﬁb’ﬂ)ef is¥nthesisolol yner of
a fi st MORALY Hd MoBHBROL.ARK1RNS 8¢ I (ERBRBY HeliC RN p¥heraLR t he
IS
ether), and the insoluble poly(arylene ether) may differ from each other.
[0013] There is no particular limitation on the monohydric phenol used in the

poly(arylene ether) synthesis. Suitable monohydric phenols include those having the

formula:

Q? Q'

Q* Q'
wherein each Q' is independently halogen, C;-C; primary or secondary alkyl, phenyl,
Ci-C;  haloalkyl, C;-C;  aminoalkyl, C;-C;  hydrocarbonoxy, Ci-C;
halohydrocarbonoxy wherein at least two carbon atoms separate the halogen and
oxygen atoms, or the like; and each Q? is independently hydrogen, halogen, C;-C;
primary or secondary alkyl, phenyl, C;-C; haloalkyl, C;-C; hydrocarbonoxy, C>-C;
3



nmonohydri c phenol and the second nonohydric phenol are different from each
other and each has the formula: Q@ Q HOH @@ Q wherein each QL is

i ndependewOlog/osabect ed from the group consisting of hal og@aT/US@L13276 pri mary
or secondary al kyl, phenyl, Cl1-C7 hal oal kyl, Cl1-C7 am noal kyl, C1-C7

hydr ocar bo - : rel (g car bon

at ons sepglrgfg%{}édr?%gboﬁéfg&aﬁr%%rggyg%%g{lfpg?g&n%;a wgﬁd&ggg% %fel?azégle{l\gggendent |y
sel ect ed f oeygentatrensypotlip likenBiesribhy cath @id rligyker, phbml,cegperiallgCicalkyhi mary or
secondary al kyl h - al oal kyl, Cl1-C7 hydrocarbonoxy, and C2-C7
hal ohydr ocaa?%%ar%x lﬁﬁyédrr%eﬂgéfn%ﬁygast two carbon atons separate the hal ogen
and oxygen atons. [0015] In a highly preferred enbodi nent, the poly(aryl ene
ether) is a cop¥ilyhbra pfefered-etbadintept, Hrecnodi(arylsas etherd fis @ copobivret pf and
2,3,6-tri y . reinafter " t hi j , e

copol ymer %J} ]([:nglrj]r(gg'i(aég ﬁl%%gle ?@eé h{?Fan\% pﬁrglrcll?/ilce e&g?@?@ﬁﬁ??% {%’%ri ved
from DVP) amchohyriris, ghetoliansd ttieydecdndmphahyytie pienet #re rdifferent Srond each\oglter f r om TMP)
in any propo tig?‘ fhr?m \fvei ght ratios of 1:99 to 99:1. It may be preferred
that the \A@P%Fﬁc 81 P8 1913 5 di net hyl - 1, 4- phenyl ene ether units to
2,3,6-trinethyl -1, 4- phenyl ene ether units is at |east about 1:10, nore
preferably at |east about 1:5, yegp’nore pgéferably at least about 2:5, in
order to inprove conpatibility witR procgdures and apparatuses useful 4 WO
03/ 014191 PCT/ US02/ 15726 for the p)ed i
pol y(2, 6-dinethyl -1, 4- phenyl ene et It may also be
preferred that the weight ratHe—e ipet-AQH- 1, 4- phenyl ene ether units
to 2,3,6-trinmethyl-1,4-phenyl ene & Anits is up to about 10:1, nore
preferably up to about 5:1, yet nDje—ptr so t hat
t he heat resistance of the copolyder is\sufficient. [0016] The oxidative
coupling of the nonohydric phenoIQﬁses anQ oxygen-cont ai ni ng gas, which is
typically oxygen (02) or air, with oxygen being

wherein each Q' is independently selected from the group consisting of halogen,
C,-C; primary or secondary alkyl, phenyl, C;-C; haloalkyl, C;-C; aminoalkyl, C;-C;
hydrocarbonoxy, and C,-C; halohydrocarbonoxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; and each Q? is independently selected from
the group consisting of hydrogen, halogen, C,-C; primary or secondary alkyl, phenyl,
C;-C; haloalkyl, C;-C; hydrocarbonoxy, and C,-C; halohydrocarbonoxy wherein at

least two carbon atoms separate the halogen and oxygen atoms.

[0015] In a highly preferred embodiment, the poly(arylene ether) is a
copolymer of 2,6-dimethylphenol (hereinafter “DMP”) and 2,3,6-trimethylphenol
(hereinafter “TMP”). In this embodiment, the copolymer may comprise
2,6-dimethyl-1,4-phenylene  ether  units  (derived from DMP)  and
2,3,6-trimethyl-1,4-phenylene ether units (derived from TMP) in any proportion, from
weight ratios of 1:99 to 99:1. It may be preferred that the weight ratio of
2,6-dimethyl-1,4-phenylene ether units to 2,3,6-trimethyl-1,4-phenylene ether units is
at least about 1:10, more preferably at least about 1:5, yet more preferably at least

about 2:5, in order to improve compatibility with procedures and apparatuses useful



preferred. [0017] The nonohydric phenol is oxidatively coupled in the
presence of a solvent and a conplex netal catalyst. Suitable organic
sol vent s woaBda9nl i phatic al cohol s, ketones, aliphatic &od/tuson¥Ré C
hydrocarbons chIorohydrocarbons ni t rohydr ocar bons, ethers esters

am des, ed_ et este S5 | f.0x). d nd.the | ik an trons
conpri si ng o th Fé’é%c{uc W@& 4 g‘égf’ﬁé’%@y&e&ﬁle heD) fRrasne pr ovr 8 t hey
do not i nt Qrsb&feepréfetrbd @at el @eighthiatio tofe, dintbetyl-0/4- p‘neayléneoenherlumta ter ef erred
enbodi nent,_ the so] ven onprises a.Ca- iC dr ocar | ncI udi ng,
for exarrplzé6 trippathyld; ‘}R@ﬂ“@lﬁ%%etﬁﬁrnwlﬁsHéuprtRégogﬁh nﬂ%‘h?? crg %PB&

hi ghl'y prefgsiexi c?ie@|n\{&@tprérﬁra'élfyluj)en)eabo[uﬁ(é128]soTlitﬁ tﬁ@lhua&n’emmeccﬂmél se in
addition to a aromatic “hydrocarbon, a C3-C8 aliphatic al cohol 'that

is a poor §@PQ}§H?“$ PHfieipd. sol ubl e and i nsol ubl e pol y(aryl ene et her)
resins, such as, for exanple, n-propanol, isopropanol, n-butanol,

t-butanol, n- pe[ﬂOﬁGPThe aoﬂdath@ |coliflingang memaﬂduyene pmprlssemgamt | east
one of the foregoi ng. C3-C8 al.i phatic al cohol s ed C3- al i phatic
dp:behik: 5

al cohol i s OXYEeBOBIRBINEG §3fe VUIh, BNPIRRNY PYYEER &é PAEFHAF ¥ on to a
C6- C] 8 ar onpdeifed. hydrocarbon and a C3-C8 aliphatic al cohol, nethanol or
et hanol , Ich act as an anti-solvent for the sol uble and insqubIe

pol y(aryl ene ether) resins. The C6-C18 ar tic ro arbon, th

al i phatic al cohll0} )7la hioe F}‘i’éo}%‘flﬁé%lré'lmd? Oé{dﬁa{‘%f Pr‘ﬁ&}‘g/dd JHBTEREO) ?\ any
proporti ong, Lt dnH dTe¥mprex Qﬁ&éled'afaﬁﬁt t attadl O @rgatlcvRMNen&ONFILES eligHatic | east
about 50 wei ght percent of the C6-Cl8 aronmatic hydrocar ban. 19] The

conpl ex meeksPhdlat deipaes, maliphediap prd earamizte ahydresarbopp.e febjorelyd Wé?rgfm ’j ons

i ncl ude iong, oﬁug@r%a%&ﬂgetmr?rest\é}sl Bnidé ﬁlﬁe@éthért@tef%e%tl%d\est@l@tﬁe li)d
conbi nati ons 4191 PCY/ USO2Z/ 15726 thereof. O these, .ions of

chr oni um MQ}HN@B@OH&Gmmsmgﬁrb‘iﬁé‘roméﬁéﬁecf@r?ﬂi)lﬁ&ﬂ&?ﬁ@ So’é’é?ffrrﬂr%‘il‘i’igg at | east
one of the ylyr &0GD iy 4 »gg%te@ FRI B oMidddnCRARRR. | B9 HiSfreq and. Que+)

bei ng highl'y”preferre he conplex netal catalyst may further
conpri se aembbdlmgetn-tb@mlmnmmglprIBngaaﬁ?d-Cril' aeonkitic rygeearbont iafluding for gand may

i ncl ude, f%{(amﬁian@lu%ne a)!)}féﬁleg, na%gltﬁénhﬂg, and mixtures thereof. A highly preferred

solvent is toluene.

[0018] The solvent may comprise, in addition to a Ce-Cis aromatic
hydrocarbon, a C3-Cs aliphatic alcohol that is a poor solvent for the soluble and
insoluble poly(arylene ether) resins, such as, for example, n-propanol, isopropanol,
n-butanol, t-butanol, n-pentanol, and the like, and combinations comprising at least
one of the foregoing Cs-Cg aliphatic alcohols. A preferred C;-Cg aliphatic alcohol is
n-butanol. The solvent may further comprise, in addition to a C¢-Cig aromatic
hydrocarbon and a C;-Cg aliphatic alcohol, methanol or ethanol, which act as an
anti-solvent for the soluble and insoluble poly(arylene ether) resins. The Cg-Cis
aromatic hydrocarbon, the C3-Cs aliphatic alcohol, and the methanol or ethanol may
be combined in any proportion, but it may be preferred that the solvent comprise at

least about 50 weight percent of the C¢-C;3 aromatic hydrocarbon.

[0019] The complex metal catalyst may comprise a metal ion. Preferred metal

ions include ions from Group VIB, VIIB, or IB of the periodic table, and combinations

5



| i gands, prinmary nonoam nes, secondary nonoam nes, , tertiary nonoam nes,
am noal cohol s, oxines, conbinations conprising at |east one of the

f or egoi ngwomBr4agen- cont ai ni ng |igands, or the like. [002PCTSs02/85be

al kyl enedi am ne |igands include those havi ng the formula (Rb)2NRa-N(R)2

wherein Ra tihgre f. SBP%e'sé l{&% of dhr i ?}ﬁb%a %’H}te? cgéaYtaL@f)%{{ g&'cgllﬁgm% EI n two

or three I'phat rc "carbon At ons T Gsast etween t t wo
di am ne ni tafomgﬁmmgtaofmst onanﬂtheeimhgdmg iogs imag eperedered)] yithyehpegiens (Qu Cl-C8

al kyl . Preferr K dla | i gands include those in which Ra is
et hyl ene ( é‘?ﬂié%f é#’l%%? Hy ene (-CH2CH2CH2-), and each Rb is

i ndependent |y hydrogen, isopropyl, or a C4-C8 alpha-tertiary al kyl group.
Hi ghl'y pref er r ed0@20} yilhe nedplaxinetl bzitgas’taiﬁyifmdieud@nprise anitrogen -containing

N, N - d|-t utyl e am ne

NN N, bl \legni}%ﬂnrageg cai]tglrwnlg Olgg,agg ey mflt}%% é'j)r &amP alkylenedlami/ne

monoar nes ligaﬁdis,ldgnﬁiaryCJ:aormamﬁms,y sabdmdh@mnmamms;oherasxy fromoexary)| e,

n- propyl am ne, pyl am ne, n-butylam ne, sec t t but yl
n- pent yl am%noqlnccl%gyloé?ﬂeﬁeco ?/‘B?tif’ﬁéxiﬂn}fr‘i’iswg atcé)eﬁ% ﬁ%et |°(§2 fowses #‘iggl ﬁg] gte

| east one afitrbdea-coptaR@g MGndy, bNMRE Ykéronoam nes, and the like. A h| ghly
preferred primary nonoam ne is n-butylam ne. [0023] Sui t abl e secondary

nonoam nes i ncl C oam havi n struct R ) (Rd) NH,
wherein R and mig g&’g ]iéﬂffbea 3a§)dsamﬁd%ﬁs I"15‘§Lghgllré ']blg WI) gh %he
proviso that R and Rd coll ecti ve!a?:/mhave a total of four to twelve carbon

atons. Exanpl es of secondary nono&ALNRE-N@E),ude di - n- propyl am ne,
n- pr opyl - n- butyI am ne, -n-butyl am ne, d-t-butyl anm ne,

Be?ﬁtgy:or efert éyn ﬁ‘? ]\S/\% 8@?‘1 M%E&T%%geg/ (?gegg%r}g?%%&ifergnﬁ?’aod? e&{%rji ?/131?;“ "

nonoani nes alipbdtisdertos ratqnasrfymrdmmnémk Ihatwierny thetwo sliaming nitregnREYIORS ) ( Rg) N,

wherein R € a? hegg and dent a@br&(’%ﬁ ?Cﬁge%li(ylhal\)/rggerr%}% kﬁn@' Lu?‘nglreOUp’ with

the provisd” our to
ei ght een cadigdands amahutk: tEsarrpi e;shlcif Raermlahxdenmt(ﬁi{amhs) ionctrimkghylene

triethylam |.agene, . tri i i - s i
di et hgl prlglﬂ;((%)# g:[ﬂzﬁe nd Rk rﬁb 15 mdependen%mled?‘oné'eH,eisogfog}%E t3)¥|a %4%'[ yl am ne,
alpha-tertiary alkyl group. Highly preferred alkylenediamine ligands include

N,N’-di-t-butylethylenediamine and N,N,N’,N’-tetramethyl-1,3-diaminopropane.

[0022] Suitable primary monoamines include C;-Cj; primary alkylamines,
such as, for example, n-propylamine, i-propylamine, n-butylamine, sec-butylamine,
t-butylamine, n-pentylamine, n-hexylamine, cyclohexylamine, combinations
comprising at least one of the foregoing primary monoamines, and the like. A highly

preferred primary monoamine is n-butylamine.

[0023] Suitable secondary monoamines include secondary monoamines
having the structure (R®)(RYNH, wherein R® and R are each independently a C1-C;
alkyl group, with the proviso that R and RY collectively have a total of four to twelve
carbon atoms. FExamples of secondary monoamines include di-n-propylamine,
n-propyl-n-butylamine, di-n-butylamine, d-t-butylamine, n-butyl-n-pentylamine,

di-n-hexylamine, and the like, with di-n-butylamine being preferred.



di et hyl -n-butyl am ne, triycycl ohexylam ne, and the like. In addition,
cyclic tertiary am nes, such as pyridine, al pha-collidine, ganma-picoline,
and the Iwbe3zocanm be used. Highly preferred tertiary non@amiusey1i7ec! ude

di et hyl - n-butyl am ne. Additional primary, secondary, and tertiary am nes
are described i ; : , tQ . [ 0025]
Suitable am noaﬂg%éﬁglsu’?ﬁg%ﬁp Eﬁn%iggg%ﬁjﬁz"ﬁlgfg%ﬂ%&ﬁ%%\??%nges gl%élhgxl?et rogen

at om and arstath®)(BXRFEN, whiten R randt R amd RE sresadainderend¢miys €e0ar at e t he

amno nitr |.cohol en.,fEX I f ;am noal cohpls jnclude .
NN i ot hy on SR o OUR R R R R e B R o o
di et hanol arrightsent cartenhaooisanExenpléd pheeridry ehtieoaolimsi indndamdethlenine ke, and
conbi nati ons .conmprising, at .l east. ong of the foregoin i noal gohol s. Highly
pref erred gnrﬁnﬁgg }é%rﬂlélf:’stri'ﬂ'@}lggﬂg’"ﬁi é‘?’ﬁ%ﬁ%ﬁ'ﬁ‘l‘?yﬁ@“&n&“ﬁﬁtgﬂl WA RS0l ani ne.
[ 0026] Sui tdidahg-neixityleminenatyagdoteR glamineaundi het lite. f Br 48ditibn, BliR4edBeryRS | R
N/ R6 OH wherei Fﬂ R Rg ar e each. . ndependent l_y hydr.ogen, hal ogen,
hydroxyl , AEPS:; SushiaR §yridipe, afghaseollidine, gamms-prsgling, jgpd {he likey gapdreadsedi oxi nes
i ncl ude oxiHighly Sprefirey li€ishiyemondantiydd! DI idiBethA=MbithMidee, AJdRGhiloXi ne,
2-met hyl oxine, and the like, and conbinations conprising at |east one of
the foregoiPREaBkiSHEEdary sl lrtispeBineeare dssgrived in He -l])ééenbg‘iohe?:%ﬂ%em
S-met hyl oxiap@ 3,306,983 R34H14191 PCT/ US02/ 15726 [0027] The al kyl enedi ani ne
| i gands, primary nonoam nes, secondary nonoam nes, am noal cohols, and

ut _0.01 to _about 25 noles per 100

oxi nes, when pr ) be.used, at. ab )

mol es of m)nohygfoﬁg]t ﬁ‘ﬁ‘@é .am\*"r?éﬁf)h‘?lﬁiléf’lygerr&ﬂo%m %OWOI%@aﬂgéd’n&t about

0.1 to abouitrobedni@dem Neholl OB co®|Aferdh aMRAR Y6 EdrBorP 8RR separagetigCt i ons  of

appropriate concentrations within these ranges may be made by those of
amino nitrogen and the alcohol oxygen. Examples of aminoalcohols include
N,N-diethylethanolamine, 4-butanolamine, N-methyl-4-butanolamine,
diethanolamine, triethanolamine, N-phenyl-ethanolamine, and the like, and
combinations comprising at least one of the foregoing aminoalcohols. Highly

preferred aminoalcohols include triethanolamine and N-phenyl-ethanolamine.

[0026] Suitable oxines include those having the formula

R3 R*
R2 RS
AN
1 F 6
R N R
OH

wherein R'-R® are each independently hydrogen, halogen, hydroxyl, nitro, amino,
C1-Cs alkyl, or Cy-Cs alkoxyl. Examples of oxines include oxine, 5-methyloxine,
5-hydroxyoxine, S5-nitroxine, S5-aminoxine, 2-methyloxine, and the like, and
combinations comprising at least one of the foregoing oxines. Highly preferred

oxines include oxine and 5-methyloxine.



ordinary skill in the art w thout undue experinentation, and sel ected
concentrations nmay reflect the presence of other reaction conponents or
product s,weuwshi14a91 wat er, that nay affect catal yst effici @eEusoXxzeét abl e
nolar ratio of conplex netal catalyst (neasured as noles of netal) to

phenol is about gib;ziﬁﬁ@ qul;n@ﬁediahﬁ{?@, ng\dnfdlb, hettry 1 nbBBamines, ak@ishdaky 200 bei ng

preferred. [002 e conplex netal catal'yst may, optionally, further

i ncl ude a hwinbejeines, amirnsidehels, ank|ozinesjevhes Patseiiemay pe pesdiad @bouhBA tenpl oyed,
hal i de ion | ﬁﬁﬁt' 1MPRE WeBard, Pndrdemings Mapf an

al kali met gﬁ@é?ﬁ%ﬁ%ﬁ@%@ﬁ%ﬁ@% r%tg% _nggfzt a%ﬂygn con(_:é]ntra?i on of
about 0.1 beluwed at atmamtt0. 11 50 abmit ds50panolgPemilemolss of phenblyilic plsnoher .
[0029] In pref erred enbodi nent., ..t he taly ARkl ses
copper i on,gelgc%oélé8&8%?%%%%%%‘3?%%‘?’1@8 i gegér(lﬁggéégql%a conrglééle;gyélﬁ)noa?ﬁ ne, and
a terti aryrdimmpakilrie.thé art avithioghindup reepeimeachtionbodi seleated cohentaimpbex net al

catal yst conprises copper i.on, NN -di-t-butylethyl enedi am

di - n- but yl 5% ﬁ%‘?“ ha Pr%?’%?&ﬂﬁyﬁ‘%r-eﬁﬁ{"§7|°8W%%?“¥S[%€§%ﬁ(‘°$hse“°iﬁ AOwAEL that |
reaction cepsidffeensathi9st éfficiepol y AeEnizdlel mblar sativh ofsompleaahétancdtilyse,
tenperature, oxygen flow_rate, apd the |ike may. be npdified based.on the
target nol @Eﬁﬁsalieg\ﬂépﬁif’@ OéﬁﬁtaﬁdﬂBH@‘ﬁ bgci’rt?ﬁ‘ﬂ}él%q 1gRbYH lgﬁ)g’ WHE&?W@?SHO

pol y(aryl epeapoft N800 beiddprefmd@oi nt of the pol ynerization may conveniently
be determ ned by naking nol ecul ar wei ght neasurenents, running to a

predeterm ned r ion tine, controlling to.a specified [
concentration, ﬁlﬁ)ﬁ%in'gheoﬁ F* E‘EF?&éﬁtla{yétt e cipHonaj]&r ﬁ'ﬁh&ﬁ l’}?g@ga?lg}éagﬁge
utilized. [R03kh Fhenlbeda)esramhides of Godidd. I Wikdit ethpleyqao hatigs ii@atman bst age i s

generally about O0C to about 95C. Wthin_this range, it be preferred to
use a tenp&Rpligd to thereaghion mirdyre ihth dorsi et anglili Wt?'tﬁaﬁc’fﬁ?”g% lﬁﬁgepél,rtﬁit may be

preferred LS8t & a EonbQR0R bt A8kt BGTMbISA2 AB&uf 460 nické¥pes abum@lespft o 45C.

At tenperatures substantially higher than about 95C, side reactions can
occur | eadPhgpoligmopemer. on by- products, and at tenperatures substantially
| ower than about OC, ice crystals may formin the solution.

[0029] In a preferred embodiment, the complex metal catalyst comprises
copper ion, a secondary alkylenediamine ligand, a secondary monoamine, and a
tertiary monoamine. In a highly preferred embodiment, the complex metal catalyst
comprises copper ion, N,N’-di-t-butylethylenediamine, di-n-butylamine, and

dimethyl-n-butylamine.

[0030] The process and reaction conditions for the polymerization, such as
reaction time, temperature, oxygen flow rate, and the like may be modified based on
the target molecular weight and monomer composition of the insoluble poly(arylene
ether). The endpoint of the polymerization may conveniently be determined by
making molecular weight measurements, running to a predetermined reaction time,
controlling to a specified end group concentration, or the oxygen concentration in

solution may also be utilized.

[0031] The temperature to carry out the polymerization stage is generally
about 0°C to about 95°C. Within this range, it may be preferred to use a temperature

of at least about 35°C. Also within this range, it may be preferred to use a
8



[ 0032] The nethod may, optionally, further conprise recovering the conpl ex
nmetal catalyst with an aqueous sol ution. Many diverse extractants or

chel at i ngwegent&a91 nay be used to conplex with the catal ystcaftser1i7be end of
t he polynerization reaction. For exanple, sulfuric acid, acetic acid,

ammoni um saj i a rd . ' SRS be used.
When t heseatﬁ%@ %rra ?‘5 {gl}L goﬁlhe@)gﬂdé{jépg&gm\é%l%}] %%];]Iaggzd%%}h@rg? retgétclﬂgﬁdesol ution,
t he conpl exreaeicas caadabhykidihe warssiop blypordadispnd bt wervfeerturex subatanially does not

take place. Many different materials may be used but it is preferred to
enpl oy t hosl@8VEN %ﬁ‘?%oggéfmcgs{aﬂfamaya@gnm@8?@&%@4 n U.S. Patent No.
3,838,102 to Bennett et al. Useful chelating agents include pol yfunctional

carboxylic acid [Ogm]fmieﬁﬁdﬂlgad%@p@fn&dﬁ]ly,sﬂiﬁ}ﬁerSmpﬁw re€o6@ARE the complex
pol yal kyl enepol yami ne . gol ycarboxyljic _acids, am noiaagrlﬁglcar b}%xyl i C acids,
ani nocar boxystrkcatalys with 2piaae9Bs S B0 Ny digied ractanis rodseHB& 8t aci ds,

pol ycar boxyhirbegdeo ab1&NRIth Rl ckRlyist RE 8les endlok &lel paBmRAZAL LN roREigh. Or m xed
al kali metal -"al kaline earth metal salts. Specific éxanples of chelating

agent s i nclipaexample. altiwg|asid, aesdr ardpanEeaIhialisy bisdlia salisiapd vatieusacet i ¢
aci d (NTA) ’cheﬁ{i%é éééné%glzbegllsé’cf'\ﬁﬁen BLRYhLHEN ATLNRE €S 4 %9@?91&1(:%%#3 (EDTA),

hydr oxyet hyl enedi am netriacetic acid, diethylenetriamnepentaacetic acid,
sal ts of t HeactippselyBomghectvaniax mejalaegealiss becopeb poisericd iad futhst Pxifidignat | east

one of the c{o% %gp.iaﬂg plljéézg.el Ig%lhg?iﬁ%ga Phﬁier@tﬂdma}h%e llf.sgcﬁbutEﬁ g?%&@éﬁeﬁ bl ef er r ed

chel ati ng agents 1 nclhude enedi am net et raaceti c acl r a nono-, di-,
tri- and t etmpdeotiosenchelhtingt gentechat Fhalisclosedifit hl Rasppa¥o.chsdd ¥R tean be
referred taq,as opper, boxyl. R%§| |t al

cat al yst C(;.Br%ger’ltgnet? aﬁi sslg)sgsﬁedc(?lfa%{u?%gag%?g#&g%ea%g mg}gﬂgp{aﬂ%gﬁ{ﬁ be

separ at ed fooowirtipecimmswhdd sechps), fraxynpleepaydlkylynepniyamine mdicabbeylic

poly(aryl ene. ether)/tol uene.solution. For exa . ! l,ution of a
Chel at1 no. et s B RRAS i Ko Cor b BT R Rba R BSRe Ak,

(i ncl udi ng aadhatatbexpid yeidy, , poljcabokyliel aidspady their, alkdl werd,, alkalthensthl conpl ex

catalyst) to form.a m xture t.. may be el.d f.or .about two r.s _before
t he aqueouémﬁﬂa?§é‘“f“‘s‘{nﬂgﬁh??f’tétlg??]%eg%mﬁ vt gPeCtl Ceexafngﬁﬁ?.(’f%ezatgléueous
sol ution nMagemonRludegfa dxample, sdduan Qotasfion texatep nitriloariacetid aie (WNTA),wat er and

\6/1\?) gg}(g?_zaggg\élc-?? @%{Slg/mlé'ﬁ g:in%,b out etﬁy]%ger 1a?nr}ne gt?arg%éticee negc% 'y f(l-'EB'?.'AibOUt 9

hydroxyethylenediaminetriacetic acid, diethylenetriaminepentaacetic acid, salts of the
foregoing chelating agents, combinations comprising at least one of the foregoing
chelating agents, and the like. Especially preferred chelating agents include
ethylenediaminetetraacetic acid or a mono-, di-, tri- and tetrasodium salt thereof. The

resulting copper complex can be referred to as a copper carboxylate complex.

[0033] The complex metal catalyst component dissolved in the water phase
may, optionally, be separated from the insoluble poly(arylene ether) and the soluble
poly(arylene ether)/toluene solution. For example, an aqueous solution of a chelating
agent may be added with stirring to the reactor effluent (including soluble polymer,
insoluble polymer, solvent, and metal complex catalyst) to form a mixture that may be
held for about two hours before the aqueous phase is decanted from the bottom of the
tank. The aqueous solution may comprise a lower alkanol, for example, a mixture of

water and an alkanol having from 1 to about 4 carbon atoms. Generally from about

9



1% to about 80% by vol une of the al kanol may be enpl oyed, based on the
total volune of the agueous solution of |ower alkanol. The volune ratio of
t he agueowe 03loi4qai d extractant to di screte organi c phase mway/usar/y¥e©m about
0.01:1to about 10: 1. [0034] The reaction nmedi um nmay conpri se an agueous

envi r onment (%]t%%l%vgft\/%]u ofat'hé%u&ﬁol%Hr ‘bé%ﬂ@c@g@%@%d‘%ﬁ 1%,“ ot h the

'0
agueous meoll reciprta speci es.
The sel ect |v©hmm‘ ofathe apnmoopscbl%cm aﬁﬂbwesaikmmht The szohlas:etdth»af theadqugousn t he

solubility.co ce f th I i
preci pi ta%/el]& %'I“ﬁif i t‘%lgécrgﬁgg’rg%fqul?%sei(“ﬁ%'o%&gﬁé ROUQ toérl to agg;‘?&gp) val ues at
25C are -4.49, -8. 23 and -11.96 for Cud, CuBr, and Cul, respectively.

Solubility i n wid0BH] The iengiveasediuny mmhe EmeazBsacen otiquemtsessvim‘nnmn de ions
due to the f ti 13 c143 an her
conpl exi ng en?VGEPS cﬁ&ﬁlﬁﬁﬁegmgfdé{] ?Om%ma(t)éf’\yvéﬁt@e? u%] BIEFE n@y e%l ar
}Neikght v\/ﬁl i ﬁllih’:qﬁrbﬁpwdnﬂn@fﬂfé&bppbr [y sppeoizar Dhnselecket ofwsapprapriawhtisolvend t he

i ke, iC sol ubi it aqueous sol ution. skilled in
Lhe art o BREE PRRLY £B Wereiityedeiniiean it B8 comps, h saftes.in oo
anti - sol ve@}emﬁnfateanymeafahuésl ark 2881y 10836k i mtepoiog@@sr)l vahleh @N25€agki on
produces a sol ub poly(aryl ene ether) and an i nSol ubl e pol y(aryl ene

et her), and4 ﬂ?be%ﬁo@é‘sé %ﬁq;rGlsf:ésCIsIérpamdaﬁphgespWéwslm @B]"éﬂl%m Yetars| ene
et her) reS'nﬁb ?ar y?‘?hé BRQ del@'o? ROLs (3 eh 1@9?or%téli%f?o {h%%ﬂnatﬁgt& ggl,ubl e and

i nsol ubl e po ene” et resins may formed because th
pol ymer i zatGUth Cue’.iand Cbl@du@e@ bmcﬂtlgqraspmpbmge&ph@m Esanples hfa%ﬂthg a wde

di stributi ating the
soi ubl o porvat s PREE dh R AlsE NV un AR A PP R, 1RRRBESL L OF)
resin may biopeas,f o ltky: ahychnigtvh cdme appatbiley infthe hqueons sejutomphsiecal
separati on a firs t t he

sol ubl e pol b’?ggyl et];l]e e P{Veoruffp'rsoa lljecggpsfiﬁgt 4 %émgﬁ?%nryg%%“ﬁomn%@g tfhan about
20 of t he ahthsder) i€ agokys(wiligedene et her), and a second fraction conprising
at | east about 80 of the insoluble poly(arylene ether) produced in the

ray be_prof er r ol Ve RGT i AP o Ractn friic By 1He POYECARY SRR T
wei ght per caerins,oh;bﬂ@belryaabylwel etbe),t drdntha lpoedesss comeprifias seraratiogtthe seiubleer abl y
=2, e SRS Pl BB BB MR SRS, Oeocd
t he second ifdsphublei puly(arylene ether) resins may be formed because the polymerization

reaction produces poly(arylene ether) resins having a wide distribution of molecular

weights and monomer compositions. Separating the soluble poly(arylene ether) resin

and the insoluble poly(arylene ether) resin may be performed by any method capable

of effecting a physical separation into a first fraction comprising at least about 80 of

the soluble poly(arylene ether) produced in the reaction and no more than about 20 of

the insoluble poly(arylene ether), and a second fraction comprising at least about 80 of

the insoluble poly(arylene ether) produced in the reaction and no more than about 20

of the soluble poly(arylene ether). It may be preferred that the first fraction comprise

less than about 10 weight percent, preferably less than about 5 weight percent,

preferably less than about 1 weight percent, of insoluble poly(arylene ether), based on

the total weight of the first fraction. It may also be preferred that the second fraction

comprise less than about 20 weight percent, preferably less than about 10 weight
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conprise |l ess than about 20 wei ght percent, preferably |less than about 10
wei ght 10 WD 03/014191 PCT/ US02/ 15726 percent, preferably | ess than about
5 wei ght werisent191 of sol ubl e poly(arylene ether), based @®@oTtuse21e@l

wei ght of the second fraction. Suitable separation nethods include, for

exanpl e, ;lér%g ﬁ'tpﬁléqublg%és thiﬁ’&?o%‘t%”welgﬁl é%%e{jp%? sblubi9RY n&é fiylent %Ih ) ”9

filtration, I NnUous rotary vacuum on, conti S m)V| bed
filtrati on,baset ahtht itdtslredighdof theaacbnﬂrfﬁichoﬂ(eSumahld sepndvion anditlonls umdudprl sing at

| east one of the f 0 S. .. Pr nt | eferred atl on net hods
o dar® o B S B SitRarofe BERR PR gy 3B R Lant on.
andht ge I |[ kentifinghs mm’glvlaaimoﬂgraﬁggmghtﬁimgs ﬁlb;/]mgﬂbéé‘ﬁ]tﬁtien mbtclhrmraftmn,egm ng
met hods 006Ina rred enbodi.nent, .the in 0l y :
T hors'; oniMals MRl Sormtihdiin EPoPURBE Gh Aoyt Bie it 1 Jageba methdiss G/
nore pref ergbdentipt prefasdd adepathtiéh Smetholld, intRideOfR Rr&hSE ALY dAlquidast

about 0.4 dL/ as neasured in a 74:15 wej ght/vvm ht m xture qf chloroform
and chl or obféRTEgetigR, basket canigidieatipn Andpthe dkgyand ¢ gbl??é%wwan% Phtrinsic

vi scosity IIQasTt b dhhoforpmldmgsobenzene sol vent systemis provided bel ow
in Exanple 2. The present inventors have found that this

chl or of orm chl orobeTzene procedyre. is S'.]JI tabl e fOi’ a w degeﬁ an e of

pol y(aryl ene et HEPO] Ebapadetadsrodimr i e tsp able Reivirylens {eémtrﬂaev nor e

comon  pr aGeelus Sitrisid wgdogugj @tfhlt a&fa86u0 (B 81V8; mAYelprdei@blylahRE® abSut 03
particul ar upper limt on he intrinsic viscosity of the insoluble

pol y(aryl erf&/&t her )norq tpri=f§raWp?tca\Wsy abalts Otdh a2, afsodieasiredl dp/ gy, 74k e
typically I|g ye?%ht;\{k?%}x re 1010 ciibfForn] %Qﬁﬂmérebe%za{ee&@rz’s@ erbqeifignt, the

sol ubl e pol er) resin nay ave an intrinsic viscosity |ess
t han about mo&duie/ fpr mmatssnpg @hemms}c [véssesityh & tlzh ehlorof@miclderbbenzgmet  nor e

pref erably LR35 SR RNtk Badlh i 1mIRAR UTRE bl b il Vel o

m xture of Chiorarorm di of obenzene ere’ s  no
parti cul ar thaweiis Ichlordfomrclilvebenzené nsocdwiessosuitapleofort inemsleﬂ udige of

pol y(aryl ene i s t.ypical t least.about.0.05 dL/ nor e
typically d° hf? gf'g SBISUtCOG’pfS%E Sgarﬁ;sxmﬁﬁléghwgﬁhfs t(ﬁ%n 4thf§n9/\§|"§ﬁjt’7%\el ght

m xture of pebdedirefudiliding redloedfommi aloaaz atthowndh tABE.is nd pertisdhinper folitydnar yl ene
ether) Shalti)e E)netmlljs?cd %fsgcgs?t(})/do tge msolu%?e pgloéa r](t'asne eztherﬂ 1{1 is typically less than

about 1.5 dL/g , more typically less than about 1.0 dL/g.

[0037] In a preferred embodiment, the soluble poly(arylene ether) resin may
have an intrinsic viscosity less than about 0.6 dL/g, more preferably less than about
0.4 dL/g, yet more preferably less than about 0.3 dL/g as measured in a 74:15
weight/weight mixture of chloroform and chlorobenzene at 25°C. Although there is
no particular lower limit on the intrinsic viscosity of the soluble poly(arylene ether), it
is typically at least about 0.05 dL/g, more typically at least about 0.1 dL/g as
measured in a 74:15 weight/weight mixture of chloroform and chlorobenzene at 25°C.
The soluble poly(arylene ether) shall be understood to include polymerization
products including at least three phenylene ether units; conversely, the soluble
poly(arylene ether) shall be understood to exclude monomers (i.c., monohydric

phenols) and dimers.
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products including at |east three phenyl ene ether units; conversely, the
sol ubl e poly(arylene ether) shall be understood to exclude nononers (i.e.,
nonohydr iwo opleniel s) and dinmers. 11 WO 03/014191 PCT/ USO2/p,TFAR62/1{70038] | n
anot her preferred enbodi nent, the insoluble poly(arylene ether) may

conprise at |ea i east -about 30

wei ght percent, ﬁbﬁ?%?%ﬁ%ﬁ%%dae?ﬁog%hé %ﬁ%oqﬁlgpkélyghflénﬁeer%ggﬁﬁgpyet nor e
pref er abl y eamprsasttlezbebaut 30 weighi pértempgrefenably abfeast about 30 weight percent,
2,3,6-trine | - h l.ene her. .units. based on.the total .weight of
Che Fnsol ubr g bEeBuF e S B0 et REFBe Bttt bl Al

sur plri E : ngl vyeiglmp&d:lehthaf2,ngariﬁmthyb!l,d-php@l%t(e&[mgﬁ}iﬁ?, Bidate bh theatsiahwaigtt t he

i nsol ubl e p arylene ether) resin may have different nonomer

conposi ti on¥.! é@?éﬁéﬁﬁﬁﬁw rﬁ?’?‘? elﬂﬁz)‘synt hesi s of poly(arylene ether)

copolynmers from 2, 6-di met hyl phenol and 2, 3, 6-tri nethyl phenol, the nole
fraction of 2, 30@9] Mhaepreydnt linderpbre nkdven eurptifiegly ufouhé ihat tthe sshibldl e

ol y(aryl ene.et her esin.na be |.ess than the | e fraction,.

DY 6o V1 o Ende bR TG tag e SRR b G B b e Uieeat 1 ene
gt gel’6) r ?Sirﬁ%no;ﬁﬁbeS?nﬁjﬁfsﬂ’tieﬁﬁnCEﬁr Eihrﬁiﬂé,?inf I’d&CTsj'rglﬁbsi%f of po]y(ary]tc):ne eth(;ar)o5 g
, 3,6-trinet -1, 4- nyl.en er units na at | east about O. an
are commo n‘loi?gli{“e‘isefﬁg’f' Se%%ﬁ’teﬁ’@ﬁ’%?m[l @838}3’6rﬁ’é’¥%1?y§ﬂ@§%1’ fhgrpele ragitmet ses

recycling & petiiheRylof 4 Hhenykak lébie?upiMhMﬁ@Mhlxtﬁ@Fol?@aﬂﬂéﬁe_ dIRS) Rsibndyhe
reactor. The recycling step is particularly useful to increase the
ef fici ency ¥f leﬁsné’aﬁrtb%é%@e Hescters of %%Vé??tgbé’ltﬁéh@&e%le@ebﬁpw # Weene

ether) resiifsdnblOrN R RyIAET Be tRiN aRtde- AGTYEREs A OHEESHAtRGESHS abl y
high levels of so-called fines gsol id pol yﬁ??r yl ene et heré@r esin particles

havi ng a pahi.pdrmetbylbdpbenylonpaptheraypilt m® be citolestepbut &85 ande ako| ubl e

pol y(aryl engnelddf ar 1d85d0dui @1 ef ficiently used by recycling it to the
reactor for further polynerization leading to its precipitation in the

reactor. [0041] Recycling a portion of the soluble poly(arylene ether) may
conprise, for dX4RpITES Rretcsy AITHyT atommelass Tnding 2000Myef thersebible,
preferably @iyd9Red e@BYUELsiP% (HEIeSbr. PERC RBolinfRIp PHeiRURAY Xisdhl {oeast
about 80 weight "percent, yet nore preferably

increase the efficiency of the process because recovering the soluble poly(arylene

ether) resin by precipitation with an anti-solvent produces undesirably high levels of

so-called fines (solid poly(arylene ether) resin particles having a particle size less than

about 38 micrometers). So, the soluble poly(arylene ether) resin is efficiently used by

recycling it to the reactor for further polymerization leading to its precipitation in the

reactor.

[0041] Recycling a portion of the soluble poly(arylene ether) may comprise,
for example, returning at least about 20 weight percent, preferably at least about 50
weight percent, more preferably at least about 80 weight percent, yet more preferably
at least about 90 weight percent, of the soluble poly(arylene ether) to the reactor. For
example, all or a part of the first fraction described above may be returned to the

reactor.

[0042] In one embodiment, the monomer composition of the monomer feed

(i.e., the monohydric phenol), the recycled soluble poly(arylene ether), and the
12



at | east about 90 wei ght percent, of the soluble poly(arylene ether) to the
reactor. For exanple, all or a part of the first fraction described above
may be rewormp@ttibp the reactor. [0042] In one enbodi ment PCTHEOMOITR6TEN
conposition of the nmononer feed (i.e., the nonohydric phenol) t he

| ed 1

ecTeL e SO aTRlYLH Eae) sk A0 1dd 48 L0 R
each ot her. inFthe eyuthepis eqf p@lm(aryﬂmlesgtImhespdmérs rﬁndny(z;«ﬁ ylimbylp&tehelr 3nd

I t.-h I th | ar
rarioor 2, 3ol B W o Rt b LR RS iRt cea
may be gr eainethe flngmer ﬁtd eade gadamnl(e &, &9eqgrt elatueopstgh@n:r} ﬂ?n gmhﬁﬁlar Ir ati o of
2,3,6-t tI-I4-h I ts.t di pet - nyl ene
ciner un ¢ 608 o7 b0 ERRVER Enfisy FrarPrimi & Aerme iR CieheivieaR Aoy be
greater (e.gnits 1ﬁtthd ﬁ@(ﬂﬁble @b@(ﬁry]@neﬂ&h@)’ &ﬂil(ﬂf 1)n ttnlﬁhf'ﬂ\rﬂa)t B@gﬁ@ﬂeﬁ(e g 2dt i1ensOf
2,3,6-trimeth I ﬁ g § K Eher |ts nmet hyl - | 4- phenyl ene
ether uni t sBolt 9-A% gegienls BBW 2 Fafjoe @- 36t ngﬂt)thylilg’oa@pyheﬁe ghereftetq ed

enbodi ment, 26131Qnaﬁirlylrﬂibhé@rteh98thérﬁlﬁﬁt§ irOthe SORIBIE p6ly ?a?ﬁéﬂére't}%'rﬁg a solvent, a
sol ubl e poly(arylene ether), and an insoluble poly(arylene ether) is

treated to reno cat al yst (accqrding to. nethods
described bel ov@? %‘Eg" ;ﬁ?é?@‘geﬁ"ﬁ%ogln?“f’l ¥}§t PPRYHIEHFAN C BRRFHATS imdﬁt“fehe
sol vent andcdntjgismgl deéleentp@|SM(uBrey1£&ﬂ@ry%9 Qfher)2RAd An SiRSoMWle HOBEY

COITpI’ISII’IgthEII’ISO|%Ib|e é yl ene et her The first fractlon i s then
recycl ed t o°RFRLISEAET By remppe, eCPIHP]FI‘IP‘setaéﬁH Itmwrdn}géemh%d%ﬁcnb@ru on of

the sol ubl eseldp) HPEPaRRRY RENIET first’ Bidn CRIRILHE Shé %sweﬁtlm feRBfubicon of the
solvent to the reactor. It may be preferred to reC}/c e at |east about 25

wei ght per coh(arylenp e and a pegeny fragtiop samprising e imsolupls pefiy(amyleng ether). yet nor e
preferably Al dgasdcti&PRUben/Rcyc B O rOLIFEMhys Hlftgfs lerl])&?ih'}éﬁptrecgﬁmgél vent

reactor, wherein the weight percentages are ase
enpl oyed i rportia efothg ﬁ@lmblzaqudmk@géthprdrxesn[ ogupfseT Insygingcepertios of thiet abl e f or

use a5, 1 Orsof ARl bR 6 D OGRSy G RS Dol 95 SRl Bt | U0

process, or t he or co I ons O oregol n
[ 0045] | n anqye@faderakdy aémdbmﬁﬂ ,wetghewcmestsmmrprp%muhfcat Iﬂgstaabpm?ss( aryl ene

weight percent, of the solvent to the reactor, wherein the weight percentages are based

on the total solvent employed in the polymerization reaction.

[0044] The process is suitable for use as, for example, a batch process, a
semi-batch process, a continuous process, or the like, or combinations of the foregoing

process types.

[0045] In a preferred embodiment, the process for producing a poly(arylene
ether) copolymer, comprises: oxidatively coupling a first monohydric phenol and a
second monohydric phenol in a reactor using an oxygen-containing gas in the presence
of a solvent and a complex metal catalyst to produce a soluble poly(arylene ether)
copolymer and an insoluble poly(arylene ether) copolymer; wherein the first
monohydric phenol and the second monohydric phenol are different from each other

and each has the formula
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et her) copol ynmer, conprises: oxidatively coupling a first nonohydric phenol
and a second nonohydric phenol in a reactor using an oxygen-contai ning gas
in the preoaoe19pf a sol vent and a conpl ex netal catal ysPCraspr/aitiece a

sol ubl e poly(aryl ene ether) copolyner and an insol uble poly(aryl ene ether)
copol ynmer; wherein the first nongphydric egenol and the second nonohydric
phenol are different from each ot It ach has the forrmula 13 WO
03/014191 PCT/ US02/ 15726 @ Q @ Q wherein each QL is

i ndependently selected fromthe grodp coNsisting of halogen, Cl1-C7 primary
or secondary al kyl, phenyl, -G g}-CV am noal kyl, C -C7

hydr ocar bonoxy, and C2- C7 hal chydr¥ OXYy &%erein at |l east two carbon
atons separate the hal ogen and oxy ons; and each Q2 is independently
sel ected from the group consisting/of hydrogen, halogen, C1-C7 prinmary or
secondary al kyl, phenyl, Cl1-C7 héboalkyl 1C1- C7 hydrocar bonoxy, and C2-C7
hal ohydr ocar bonoxy wherein at |east two carbon atons separate the hal ogen
and oxygen at ons; sep§rating t he sol uble poly(arylene ether) copol yner and
t he i nsol ubthergiolegqhally lie nedeperdent])y sdeséd, frem; thargtour eensisting pfehatngen.i on of

t he sol ubl I I I ret reagt or n a

hi ghly pr ef% égge%gnggr%gg?%gﬁ{lmf] ﬁ‘éﬁgg‘% ésr@;"?701%16;)4?@311%-%6g}z;anm%%gg?é'rdi | ene

et her) copdaygwenrboroappands€sC; axlokiatrooadiopoxgowpereimgat deBt dworedrbyn ptoersol  and

2,3,6-trinmethylphenol in a,reacto Sing . a ygen-cont ai ni.n inth

o osence  aToARiE BevetaeR i RS REhlon nif s QAT SRR Bt B b ¢
pol yl( aryl ene @bﬁ;ﬁfc}nsisﬁﬂgﬁof lyymggla,ridﬂ@a?,i ©s0} plﬁlhﬁyﬂ?ls@t(oﬁdgty elkigl, ehérsi,) i h
copol yner; r n ol uble po e er), copol ymer an e
MR T S 2 i e g R g i
sol ub: e p0|]e}aét6tmy5!0@fb©nf%tdm?’s)epﬁlﬁmg?eyﬁmgleh @nd h)leygéﬁ?atbhﬁr sephmatihgihe splambﬂzli ment ,
recycling a portion t he sol ubl e ne et her) m tion

com);ri segnﬁPﬁfaéYlﬁ‘?enﬁg?rhéo%WTﬂ aéldﬁhé)glt%@{%@@ffémﬁ%@ %?%Pg(ﬁﬁﬁraéﬁurg T

accordi ng t&yclidpe R¥MILSIhObluble poly(arylene ether) copolymer to the reactor.

[0046] In a highly preferred embodiment, the process for producing a
poly(arylene ether) copolymer, comprises: oxidatively coupling 2,6-dimethylphenol
and 2,3,6-trimethylphenol in a reactor using an oxygen-containing gas in the presence
of a solvent and a complex metal catalyst to produce a soluble poly(arylene ether)
copolymer and an insoluble poly(arylene ether) copolymer; separating the soluble
poly(arylene ether) copolymer and the insoluble poly(arylene ether) copolymer; and
recycling a portion of the soluble poly(arylene ether) copolymer to the reactor. In this
embodiment, recycling a portion of the soluble poly(arylene ether) may optionally
comprise maintaining the soluble poly(arylene ether) at a témperature T according to

the expression

@, —(0.296 x IV +1.27 x TMP - 35.7)
1.97(1-0.00795 x IV —0.0249 x TMP )

where ¢, is the soluble poly(arylene ether) concentration in toluene, expressed in

weight percent; IV is the intrinsic viscosity of the soluble poly(arylene ether)
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T>0,, - (0.296 x IV + 1.27 x TMP - 35.7) 1.97(1-0.00795xI V-0. 0249xTWP)
where 0Os is the soluble poly(arylene ether) concentration in tol uene,

expr essedwDrmeilght percent; [V is the intrinsic viscosityCofusnties7eol ubl e
poly(arylene ether) 14 WO 03/014191 PCT/US02/15726 copolyner in a 74:15

wei ght / wei ght xt ure and chl zen essed in
n/g; and TW YO HE % c2%8§%GIWW51 gnf“rulrerrgfﬁﬁ?rorf r§1 s dﬁcm ’?é%g"zeg{ﬁ{ units
in tEe sol ujlpjc’e r@ﬁiﬁméﬁ?yﬂl Exﬂfzg,ezltﬂdg{/\)deePhﬂ yordnt oe&p}r%&ﬁﬁdhyln Arglieghiendy  based
on the total wei totesoueoyary ene et her Ter .

Mai nt ai ni ngetb?rlgms i1ethp &plublg pel NCRERET ebreéeﬁebﬁe%aw%ﬁiﬂw %% sol ubl e
pol y(aryl eng, afch@fa) v&i:'xlgﬂtfw thd §ﬁMﬁé b@@farﬁé&oethé}) tpolyerD adbiBiing tHie

concentration of the soluble poly(arylene ether) in the recycled portion
may be gi velgmpyrapse.abcisfeiengny orecipiiaborp pk g winbls pely(Eylgm) (rtbqr) dyringzy TV -
(35.7) + (lreggc?h-ﬂ% Alséq Qﬁggf'n lb¥aindeflt, %493nc&ll\(¥)a}10n‘@?%@s<9§blb%oﬁ%ﬁ&l@x?esed in

wei ght percen Vis the so e poly(arylene ether) copolyner intrinsic
vi scosity ietha) Mh&&cyﬂe@pmﬁwemghbe giveat byr ¢, aicoditigap dfecxpreasioh  chl or obenzene
at 25C (expressed in ni/ g) TMP i s wei ght percent of

2,3,6-trinethyl - nyl ene ether_units in the sol uble erne
ether) copol y#e& (0(38§ eégézhmifp \ﬁ%ﬁ@h"t(lpgéil)z(ém(j)ooé(ﬂg/‘l’(qQf4t9bf’)e/7(”(e)rrperature
of the recycled portion (expressed in C). The expressions above for the T
and Os are b sed,on_ ex ment r

pol y(aryl en‘g et h‘éfr )ls ‘%ﬁ Sf;(rirelr s“sl?lﬁﬁtt B?rgeél?feﬂeggéﬁ%]g?\@@ﬂgﬁd&%& eeiﬂF )rmnorrer

ConMposi ti ONgopbidek @%ﬁswlv@sféesﬁfytm a amdst\@émﬂfwaeﬁgm enixtlRE BE chiBXd¥ehd BNt s are
described in det ail in US Application Serial . 09/681,895, filed June

21, 2001. [@maraper@w eatb 3A1Gre frpiessedn imppd/at uZWf’orlS prwewht:u mgcealt of
p0| y(aryl e”’f‘ E’tpl 1 1‘&%@5;118%%%&{1#% i PLorBi g‘% ﬁﬁérﬁ ee?l%boéogg'lgg@ro ta

monohydri c p eno |ng an ’ oxygen-contalning g pres _
sol vent and(eapxessﬁqbl1exwaghtapermt)alayétT tio thepteodl@wra <8°otlhgt1be'0bdllgﬂ(rmryl ene

Cepar At i ng. EKECSS Bbl S O EE N O B oo 8P iE CEHE THEBT IBIL

Bg: z% 2; z: ent% &t eplﬁfn)e tﬁ@?dlﬁ‘ﬁili@qg pmexﬁ@&h&?gyﬁl}hﬁ&s th foRIché 292 @nclidle sol ubl e
of their monomer composition, intrinsic viscosity, and temperature.  These
experiments are described in detail in U.S. Application Serial No. 09/681,895, filed

June 21, 2001.

[0047] One embodiment is an apparatus for producing a poly(arylene ether),
comprising: means for oxidatively coupling a monohydric phenol using an
oxygen-containing gas in the presence of a solvent and a complex metal catalyst to
produce a soluble poly(arylene ether) resin and an insoluble poly(arylene ether) resin;
means for separating the soluble poly(arylene ether) resin and the insoluble
poly(arylene ether) resin; and means for recycling a portion of the soluble poly(arylene

ether) resin to the reactor.

[0048] Another embodiment, illustrated in the simplified diagram of FIG. 1, is
a poly(arylene ether) plant 10, comprising: a reactor 40 for oxidatively coupling a
monohydric phenol using an oxygen-containing gas in the presence of a solvent and a
complex metal catalyst to produce a soluble poly(arylene ether) resin and an insoluble
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ether) resin to the reactor. [0048] Another enbodinent, illustrated in the
sinplified diagramof FIG 1, is a poly(arylene ether) plant 10,
conpri si yoO oaoract or 40 for oxidatively coupling a nonolrgadnise2/pitesol
usi ng an oxygen-containing gas in the presence of a solvent and a conplex

Mmool ubl e PEGBTR) OTHSor e B IR SR80 B kS RIET

sol i d-1i qui golyCplemxt dher&()eaﬁmrandsdmamacﬂubig pb}y(aarglethbther) reuid; yendray badulde et her)
dth | t h d | ubl
pol y(ary! endoBiaR)® i) RGBS 8 B Rtk afRidhios I soBeReab P e

sol ubl e pol ythar)yéstmomehdilii-ligexl sapdratontotiteeresadr d- |1 i qui d separator to the
reactor. [0049] Still another enbodi rrent illustrated in the si rrpl i fi ed

di agram of FI G LO%&%& §tl]? OQh%(errllﬁ)Xél% Frat%;'d Plt%Q tsi 1 fleﬁ A refrxin;é)

reactor 40 for o ng a meno SHENG

oxygen- cont aj miar;g;lgasrlena enhhxe pllllhE$@§ reompofingt sodameﬂuo ﬁnd)xlcam«)yrpcb@hn@et al
catal yst to prod a.sol.ubl e Iene ether) resin a n _.insoluble
ol y( aryl ond RerrRrricERol bt By Srep R T UnTStr OF & SANGK A gt he
conpl ex net alco@rqﬂaad yfetal fda@iyst he pseduddlaesqrably (pRIyArgREe QRO Jesinesidannd t he

i nsol ubl e %%éaryl ene ether) resin; a first solid-lig | d separ gk}or 80 for

separating t5eiubls) RFBY(éryleﬁ‘Sl?l(eé)r IRSEnG EAlASt yreqoNEw aﬁlﬁao ESPH?%’IHE

pol y(aryl eneorﬁlg]eﬁm)etm Q&ialyist ﬁoﬁqhybblableﬁfalw@reué efer) etdMe bnd BRCMEIHE | i ne 90
for recycllngl portlon of . the_sol ubl e poly(arylene ether) resin fromthe
¢

first soli dPPlyGvlenesethra} ssey 2t fyst sdidrliogid %fﬁ)ara%fr B8<for, sepgrating khey spiuble)

di sperse thsoly{aaqédebkﬁe@qlemﬁaﬁﬁal ae iRbhsk) p 6]§(Eﬁfy'1leﬂenetﬁé}) aRlihs 90018t : @
second sol1d: ngw d separator 110 for separa t he insoluble

pol y(ar yl eneolgtardene ethes) racyclipgring ?%foafﬂcyd% |a\p@mon of the salublemy(@"zbn? or
drying the Ljsglun Froxfa%é/ G tlébl fiqfid Eﬁia}atér%'tﬁle reactB aF}Qél J&y’# a}ﬁk%@ t@t her)

plant 10 may, optiona urt her "conprise a nonomer |ne
del i ver nnn@lhp}mq dhq)hewdjlbht cpoly{eryleaa cather) %Slnalncanahlylssolvmk 339309@% VI ng as

| { t 40,
2 dl but 1 on (oUaSpRaTE 15, B PRl BeXibnlih R, GOAGE dit:) B8y RAFL 20 |
with any di tleemgegalvantnend prdszent20 fandryingcthelingoluble a@e@ryletrarﬂthe@):)r%mr ving as
a reservoirof or ieheh Akl dgeAARH 10'58Y, dftiondIR HrukP TRhEXseCAtRhY L, feEEOVerY-

line 20 to deliver monohydric phenol to the reactor 40, a catalyst tank 30 serving as a
reservoir for the complex metal catalyst to be added to the reactor 40, a dilution tank
50 to equilibrate the soluble poly(arylene ether) resin with any diphenoquinone
present, and a chelating agent tank 60 serving as a reservoir for chelating agent used in

metal complex catalyst recovery.

[0050] The invention is further illustrated by the following non-limiting

examples.
EXAMPLE 1

[0051] This example illustrates the synthesis and isolation of a poly(arylene
ether) copolymer having 50 weight - percent of repeating units derived from
2,3,6-trimethylphenol and 50 weight percent of wunits derived from
2,6-dimethylphenol. In a reactor were combined cuprous oxide (CuyO; 0.014 kg,
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[0050] The invention is further illustrated by the followi ng non-limting
exanpl es. EXAMPLE 1 [0051] This exanple illustrates the synthesis and

i sol ati orwofo3aiqiel y(aryl ene ether) copol yner having 50 wecghisoz/139e¢ cent of
repeating units derived from 2,3,6-trinethyl phenol and 50 wei ght percent

cuprous” oxi JoTE Ao CYERRMDIGHR cophih DR0KL A RGESRRIADST
from Am;r i céﬂhﬂ?ﬂ@mﬂt/ 488 amﬂom olgimppEAS Rigs Mol V3 5+19-6; phtapied dvinc Geeat g f

0. 222 a 9 u rom
Groat . Lakobt kR BRERpObAeBon  0.458 ke DBER O AR A R
No. 4062- 60oBtamedbﬁann@ejariase)theblayhsm)e (Odﬂl;z rkngBw ANRed N2121-R22, DBA, CAS
B L I
tgi raal kyl amm-emmmheﬂ froe ce;alunew,tzeamtrgz_(lmﬁﬁﬁafmﬁ@, cfﬂ%ﬁleRﬁﬁactM(O B387-55-3,

t : t , 6- t ]

Fol uene. sol FBrrct 1. B8 Yoy & Bbhl s eaivR Khopotdroemrudfhan!
reaction, agditkgnald t%llﬁndbmérhxlmpg) (B0erOBe kegdrsd@s tiROSIPmerdhafey W th
2,3,6-trinet hyI phenol] (11 t he pal }/rrerl zation, the nij trogen

flow rate ¥astiemy . additiqnal 57, %dmﬁtéylp}iel‘iélgo&9é’én ke oWt atddednstlong with
li ters/nmnupg,c-@nkiyiiendQTPE n@? umngg%eew%egiﬁéﬁadhlexmidgemﬂ%% fife LO

55. 0C. After the conpl eti on of | yneri zation reacti on, a two-phase

m xture (solpY 66!1"’a§‘83r s, cthe onpr?ils @P""wﬁ%e Wasc 3V-45 difemsimpviehand dagt or .
This t h d
T - DRGNS 580 G OIS 41050140 PORRR: PR Erer

super nat ant p¢lyinepidatiop hwewn M$wcmcp]md mvctdme rﬁmlildapmbe and iligewl plewst) wes
precipi tat eretc 1@%%%[%%&?{0; q’?lhs O?RI]‘J%S %ﬁuéé was cenpnq"uf ! aCt Itgel_ﬁoﬁf sol ubl e

copol ynmer was re copol yier uce &' xture
of super nat piaise (Mas qpeodergph sy fandof aredliiacake. mnnéghgm\l'yes:gzm fra@ioh @fwizs
centrifuged _an portion.of. the co reco vered in the

th
formof a sﬁpela’atgﬁﬁgl.qmpﬁghaisﬁtWsnglfxc?d Wil gt 113981 ?TXIt sr?iveggfouB et 2H‘Brﬂi“’i on of
t he copol ynsilublaportion rod tlieocdpelythed.5 Tt dractiorflofl do1dtie \wepalirhérvweasglss iyt ur e

wt.) of the entire copolymer produced. The mixture of supernatant (liquid phase) and
methanol in 1:2 weight ratio was centrifuged and the soluble portion of the copolymer
was recovered in the form of a solid cake. The intrinsic viscosity of the soluble
portion of the copolymer was found to be 0.15 dl/g in a 74:15 weight/weight mixture
of chloroform and chlorobenzene (25°C) and the 2,3,6-trimethylphenol content was
39.6% by weight as analyzed by proton nuclear magnetic resonance (NMR)
spectroscopy. The number average molecular weight was 3,650 atomic mass units
and the weight average molecular weight was 10,600 atomic mass units as determined

by gel permeation chromatography (GPC) using polystyrene standards.

[0052] The combined liquid and solid phases from the reaction were mixed
with methanol anti-solvent in 1:2 weight ratio and the mixture was centrifuged. The
entire copolymer (combined insoluble and soluble poly(arylene ether) resins) was
recovered in the form of a solid cake. The intrinsic viscosity was 0.335 dl/g and the

2,3,6-trimethylphenol content was 49.4% by weight.
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of chl orof orm and chl orobenzene (25C) and the 2,3, 6-trimethyl phenol content
was 39.6% by wei ght as anal yzed by proton nucl ear nagnetic resonance (NVR)
spect r oscwpy3/oTiel nunber average nol ecul ar wei ght was 3, 6B0TASOMIIT260MBSS
units and the wei ght average nol ecul ar wei ght was 10,600 atom ¢ nmass units
as determ ned byogsl FBES th g ng . p rene

st andar ds. [0052%]0 %ﬁe cont)lﬁl%rf;leciﬁgf| &an h& En(illll?lﬂ}\{tic vgggeltsyu?)rkoﬁqet (Saéiﬁ%léctl on
wer e mi xed. Politarylenst ﬁbmblwaamalwmdenbe 0368 : cn/gwemyhlhe P At 6-winaticyphéxel ni xt ur e
was centrifuge in S and sol ubl e

pol y(aryl ene et he @g?nggﬂkie)p%veg%%%%gé svééd)c Cu}%qﬁd O%S%r]n%g/ea solid cake. The
intrinsic viscosi was 0.335 dl/g and the 2,3,6-trinethyl phenol content
was 49. 4% b‘@X%M 2 17 WD 03/014191 PCT/ US02/ 15726 [0053] From the mass
bal ance, the intrinsic viscosity of the Insoluble poly(arylene ether) was
cal cul ated (0 belgfs 6kl ShpiaBthciibe 2pricd BeRkion G0 BRk O  Lhe

i nsol ubl e pol y(arylgnele rp Waé: cal c Igt é]} f?"ﬂ%é"&% 1508 %()?{K 1£]:L2 [ 0054]
This exanpl @isepsiypf b‘éx(aa'lwecﬁtﬂ@dmtwofymer&t thet It dowrisolabilipninodhldroformmsi c

Vi scosity of.pol 1e,8L her 0 t have. | | ubi y | n
chl orof orm % e ééag )%12 assl\fla aas e‘é/?bg%;i%&&aggamooﬁﬁ%ﬁ(a@g eg?g
pol y(aryl enepetyher jnd tH® R Iof amdrobén&ﬁe.g'md”ﬁﬁn@ire edheRted RNz ORer baT}he

m xture is heaﬁ‘Fa Wg t31%\/\%ter bath to at |east about 93C to forma clear
sol uti on. $iFEPulA3at 19 forarpyelgarsel Uilenngar%ﬁoth@fwelHﬁ afdsttd sapnEh i s

heated to afyfioreffm, \Wu{cﬂ ﬁﬁéa‘ieﬁ% & 5@@ W%gﬂt%n? kisn c%ﬂoqg to the
pol y(aryl ene et her)/chl or obenzene so ution I's a |od ou

per forned iadded ﬁ@ﬁﬂ!ﬁ hapGrylérehethdrycldawherzsnd solutien. p Ghisi dnidmdmeslmuhiebé he

t enper at ur [ et .her)/chl oro ene tion is greater
han 1 e borriommbd s HKBo S el o6 e SR R ERGse T B demag it o

vi gor ousl| y.th& HOIyldarylgnqabﬁncsﬁthh)muehmnmsalunon\Ahlgﬂalater ghdnhehe lﬁﬁﬁdgepmgeaf ly. The

lid is |oosg] e ssure en ti a The S¢ nple is
allowed to coogfobg ‘r?l]éion}%%terfgg%g?ﬁ@' P%E PG )F‘f/:“c\/?lﬂ G5 on ﬂ’ﬁn t he
vi scosi ty iwshideisthen ﬂlmkemgernty Uﬂtaelxd)indleosteam td ﬁhyveV}brSS'sﬁfé'?th%ﬁ tighRARAri ng to

gf bl ank sar’rBJ © ’ﬁq%nssah% e Jsgallowe& ?o cool cl;?orgsm ?Jmp%paltl?rg ?Ep%rr]gx?rrr]laete yn‘}:zI hZ)ﬂr),l 6 grams

'LD

and the viscosity is determined using Ubbelohde capillary viscometer, comparing to a
blank sample consisting of 15.00 grams of chlorobenzene and 74.16 grams of

chloroform. The sample should appear clear when the viscosity is determined.

EXAMPLES 3-6

[0055] Following the general procedure of Example 1, five syntheses of
DMP-TMP copolymer were conducted. The syntheses varied in the monomer charge
(i.e., the weight percent of total monomer in the total reaction mixture), copper to
phenol weight ratio, weight percent of TMP relative to the total of DMP and TMP. At
the end of each reaction, the insoluble poly(arylene ether) was separated by
centrifugation, and the soluble poly(arylene ether) was precipitated with methanol.
Total copolymer was obtained by the precipitation of a representative sample of the
reactor effluent (including both soluble and insoluble poly(arylene ether) resins) with

methanol and separation of the resulting precipitate using the centrifuge. The
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chl oroform The sanpl e shoul d appear clear when the viscosity is

determ ned. EXAMPLES 3-6 [0055] Follow ng the general procedure of Exanple
1, five swyotohesast of DMP-TMP copol ymer were conduct ed. TiR€TABNY/I3ES
varied in the nmononmer charge (i.e., the weight percent of total nonomer in

the total reactj XL ure Q r.to., phenol ight. ratio | ght percent
of TMP rela nlsglébggh ogkléﬁjtef)f‘)gf OgtF h yaand re%kﬁn?rﬂ’gﬁioﬁec’feth% I%Ffoé\gﬁ?gpteact I on,

t he i nsol ublTee pahbi¢ avpydlgne wishehtginetklsy sppating e sbybleqaitidn dfpakdactor and t he
sol ubl e pol ryl ene ether) was precipitated . with nethanol, _Total

copol ymer wééﬁ]?)%tt & ”Eﬂlget HE“pP’g%‘P ﬁt{?‘ﬁt ISBrPO@f%IXEF%ﬁF@ﬁ?SH‘t from g‘éﬁpl e of
the react osoleflé | poetiin by nedmtdhing ibatith sethabbietadeni S pletiPltee D@ty ¢as y| ene

ether) resins) wi.th nethanol and separatj] of the resulting precjipitate
usi ng the c&Ferd Ryethergsatiiugs. \pymgep P4 polblocend imisybis polgtaryfacoetht)

copol ymer WasingRead expebshad adize!ig}ﬁg)efé&ﬂbgei druBRotaP hoRbmb énd 8REGAFingE f | uent .
The sol ubl e copol ymer was obtained by separating the soluble portion of the
react or ef visepsiites KyI\C@ nvere frogpsured s 2 el pi HMatS migightieeigbt yifisugd efie et her)
resin from |.on ki i ' | orma
precipitat e&?ﬁrgtforémggu%g%%%g%égg Eﬁxﬁ‘%@ggﬁ t&gfoggg%kﬁno%@%ogh eélg\%ﬂ | e and

i nsol ubl e pehe(wnity lie pachatopelyiner wes deismimadebyeprpioe SEdH. Reaatimesalitioper cent age

of the tota r their intrinsi vi sepsities ("IV" re measured
at 25Cin aénfﬁ?)%@&&gcﬁﬂ ] \?\/ealregﬁ{mnﬁ?rizteﬂrué T%Ple lCh ?6?8&%%%%8”%@3%%2%&
The wei ght intrasicivistosity &hd3h62 86+ tnetetiyl-1 % ; phepyiar)dilen eontait o€ thelindgohible N each
copol yner was fiet erm ne %?/ R{Pot ogt NI\/RjIl 1React I on conditions and product
properties SPSVTIThARSIEFIG tan hosh P solpplg CPRUVIF's show t hat both t he
intrinsic viscosity and the 2,3,6-trinmethyl-1I, 4-phenyl ene ether content of
t he i nsol ubTable topol ymer are greater than those of the sol ubl € copol yner.

Table | Ex{ 3 Ex. 4 EX. 5 Ex. 6 'Reacti|d@x. @ondiBd.dns [Mxnener| Bxharge 20 14
14 14 [ pheReidibh Qohdi(ivhsy) 900 900 450 |300
monomer charge 20 14 14 14
[phenol]/[Cu] (w/w) 900 900 450 300
%TMP in monomer (wt%) 45 47.5 50 50
Product Properties ‘
soluble copolymer as percentage of 8.7 15.9 17.8 10.3
total monomer (%)
soluble copolymer concentration in_ 2.84 2.58 2.88 1.68
solution (wWt%)
IV of total copolymer (dL/g) 0.32 0.32 0.32 0.43
IV of soluble copolymer (dL/g) 0.11 0.11 0.14 0.16
IV of insoluble copolymer (dL/g) 0.33 0.37 0.39 0.54
EXAMPLE 7

[0056] Using the reaction conditions of Example 6, a pilot plant run was
conducted. The reaction was run for four hours, and the intrinsic viscosity and the
glass transition temperature (Tg) of the total copolymer were determined at the end of
reaction, after 5, 24, and 120 hours of equilibration, and after final drying. The
intrinsic viscosities of the soluble and insoluble copolymers were characterized after
120 hours equilibration, as was the weight percentage  of

2,3,6-trimethyl-1,4-phenylene ether units in the insoluble product. Results are
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%IMP in nononer (W% 45 47.5 50 50 Product Properties sol uble copol yner
as percentage of 8.7 15.9 17.8 10.3 total nononer sol ubl e copol yner
concent r aWD®/014191 2. 84 2.58. 2.88 1.68 solution (W% | VPofi/userai726

copol yner (dL/) 0.32 0.32 0.32 0.43 1V of soluble copolynmer (dL/ g) 0 11
0.11 0.14 e

EXAVPLE 7 [6%%% et ?{ﬁbl {%gk%ggﬁsﬁgsg%%‘?ﬁogﬁég%%ﬁtxé%an’%ﬁ%Qbé’?ce Tot plant
run was covtibit @WOIYTWETM@!U@L the lwa%ubﬂmwpbbmef mnnrlhmdrm TMHdelmee fontrinsic
vi scosity Syl ARsid u T copol yner
wer e deter%g%éﬁ § e’?he%a anc(l1 Fmsrog%%t%g) § &%’%e({ (gﬁ' %ﬁ%gtrtfguhres 8f Y
equi | i br at imomonamndeedf t er fi nal drying. The intrinsic VI scosities of the
sol ubl e and insol uble copolymers were characterized after 120 hours

equi li br atl_f)aB] 2313 was t he wei ght per cent age of -

2,3,6-tri .,LIIyI'J.,‘-i- phcuylcuc ther—untts—+n LIIF illaUI tbte pt oduct Resul ts
are 19 03/-044191PCH-USO2/-15726 pt-esented SR Fe-e—2 hese r,sul ts
further defronstrate that even | BR4%e 4 8rirée gflhogr(gl J@Pé‘OBIBF&
recyc| i ng, he—i-nsol-ubl-e—copol- l{?@?thlns gﬂ?;ch\ ,QQI;IIL TN ot i d %_ t he
mononer T el o5iqiT copolymer Af1(g) LOABL01 ¢ A8 | s (84 ot d P48 V2048 ot ve to
the nonom P@@épluquggp}@l}znqu me~ end of" 5 holyrs 24 HA#s 120 -hours|after:
reaction al {848 a uil a uil drying IV of total copolymer (dl/g) 0.46 0.51
0.47 0.48 Jm?f)somlmoppmrubl b—-copol ymer -- |-~ -- 0.0 -- (dt/g)
g - .

soluble copolymer as -- - -- 11.3 -

percentage of total monomer

(%)

T, (°C) 2323 231.2 -- -- 230.8

% TMP in soluble - - -- - 35

copolymer (%)

% TMP in insoluble - - - - 52

copolymer (%)

EXAMPLE 9

[0057] This example illustrates the synthesis and isolation of a poly(arylene
ether) copolymer having 50 weight percent of repeating units derived from
2,3,6-trimethylphenol and 50 weight percent of units derived from 2,6-dimethylphenol
in a reactor with recycling of soluble copolymer product. In a reactor are combined
cuprous oxide (Cu,0; 0.014 kg) dissolved in hydrobromic acid (0.222 kg as 48%
aqueous  solution), N,N’-di-t-butylethylenediamine (0.062 kg, DBEDA),
di-n-butylamine (0.212 kg, DBA), N,N-dimethylbutylamine (1.449 kg, DMBA), a
tetraalkylammonium chloride surfactant (0.034 kg), 2,6-dimethylphenol (1.8 kg),
toluene solvent (29 kg), and a recycle stream (116 kg recycled toluene and 2.83 kg of
soluble copolymer with an intrinsic viscosity of about 0.15 dl/g in a 74:15
weight/weight mixture of chloroform and chlorobenzene (25°C) and TMP content of
38%). Over the course of the polymerization reaction, additional 2,6-dimethylphenol
(8.6 kg) is added, along with 2,3,6-trimethylphenol (10.4 kg). During the
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|V of soluble copolymer -- -- -- 0.17 -- dL/ soluble copolyner as -- -- --
11.3 -- percentage of total nmonomer (% T (C 232.3 231.2 -- -- 230.8 % TW
i n sol ublwo-03/01419t - -- 35 copolynmer (%9 % TMP in insol ublP€TA’S02/15726 -- 52
copolymer (9% EXAMPLE 9 [0057] This exanple illustrates the synthesis and

| sol at i on QloiandRkRRN SilBeen AP tae FOBRE MBLANENfe 5%1%@'Mra&efsce”t of

repeating units derived from 2,3,6-trinethyl phenal ht percent
of units deéf7iNddefmomte, @ddlensnmatpnsmmcreasefd gaaduehyzfrom AR4°R to éﬁ;?‘&ﬂl ng of

ol uble co r pr ct ...l n eacto nbi i d Cu20;
02014 gy AR TR cheictiRo ol ERRNR e T Sn o R e i ittt ¢

3 ol ut ibO?) | abd Nquidi p}izaié)ﬁbf(mb@.tel’tﬁf\l fﬁﬁ]emeamd&&t ﬁl&rﬁlﬁ% -H@se Wl)lz segarl?ted

i -n-bu am ne . . ut ni ne

et rank kyl amig b EHA e o 40 S BB tatredTh iy okt Sl (L &
kg), tol ueake. Sqfh‘éeé’fﬂu«{nzgthlﬁgbl ,phadeyl contal6 WEé Solbleepdttiérl b6 th@ comiyndred

tol uene and_ 2. 83 copolyner with an intrinsic viscosity of

about 0. 15 deﬂssblge@wtae ‘PA"@PS ng PME? Giile sRPRDREE ISPoRM Sap BY WrightR{d

chl or Obenz%l,eer(t@@&pcﬂ)@ﬂer%&émt R emenﬁ&%c cls?vﬁf th%h@ac&ﬁ%& enedolilihe
pol ymeri zation reaction, additional 2,6-d Tghenol .6, kg) is added,

al ong wi t h cgkesisalried iafier Weshmeavith methanol aktgfolvmﬁr g IntR@sic 2@cwty 05thg14191
PCT/ US02/ 134Rf1e ;Q)?lllc}ﬁn@‘fth@ @(wo%er §& ol 6. ﬁ?gﬁg irf 4 9415 E\‘Je‘?g}ft/%ve%t §uxture

liters/mnute, the oxygen flowrate iIs liters/mnute, and the
t enper at ur ®f |01;lou¢foneatsécbhgxr<dmgednb )(2$°|Cb rangd gha@ Zt@tl‘isﬁlethﬂphem tcententhis

conpl et i on agfutt%{ g(%)l“)én%p %ﬁe gg% {55 E}wgﬁen’ol C nte c& mtso ltelé)ro IO(ISC}J id phase

and |iqui d phas Gvered’ T om Feac ase M xture is
separ at ed the copolymer (dried powder) is about 50%, and the 1ntr1n51c viscosity is about 0.4

dl/g in a 74:15 weight/weight mixture of chloroform and chlorobenzene (25°C).

[0058] While the invention has been described with reference to a preferred
embodiment, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing
from the scope of the invention. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the invention without
departing from essential scope thereof. Therefore, it is intended that the invention not
be limited to the particular embodiment disclosed as the best mode contemplated for
carrying out this invention, but that the invention will include all embodiments falling

within the scope of the appended claims.

[0059] All cited patents, patent applications, and other references are

incorporated herein by reference in their entirety.
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using solid-liquid centrifuge and the solid phase is recovered in the form
of a solid cake. The effluent (liquid phase) contains the soluble portion
of the cowologoerol di ssol ved in the toluene. The fraction @CTasbuid7es
copolynmer is about 15% by weight of the entire copolynmer produced. The
effluent iscygpygl ed to the reactor and the solid cake is dried after
washi ng w t% nmet hanol anti-solvent. The intrinsic viscosity of the soluble
portion of the copolyner is about 0.15 dl/g in a 74:15 wei ght/wei ght

m xture of chl ofrof ofPrRaes &4lpsedysias 20l ({r2B1B) ether)) comprising:

2,3,6-trynet hyl phenol content is about 39% by wei ght. The

2, 3, 6-trimet hyphgneltiveionteeiinef at i - ub rii -copal ymer
(dried powder) is abqu? tgg]gglmgn& thﬁ(e)ﬁdi?lzgﬂrl#ng}%ggei %cg‘;s]i%%/Ct?%h%f)l%tQJOA dl/g
in a 74: 15 QREBYheInENBa Basintha peesercecdd] osadfent anchadowhlen moieratahet {(25C) .

[ 0058] Whil i I I 1 feren 0.4 preferred
enbodi nent ,ﬁ?éﬁ\?\ﬁalsg\é@gyﬁ%e g&ﬁgﬁgﬁﬁggg&gﬁ%@ Olfyﬁarﬁﬁ]ge %ﬁ 6 At various
changes may be made and equival ents may be substituted for el ements

t her eof wit hout SeRgRiEtheysolnble aplytreylercogieerbfesintpadithp/imselilgn polyterdemti t i on,
many nodi figalyeQs. ARy be made to adapt a particular situation or materi al
to the teachings of the invention wthout departing fromessential scope
thereof. Therefore, it is intended that the invention not be limted to
the particul ar &sfySHIE7PRItieN efdheiaieblapoly(aelenesthepyein toothe esaptiont ed f or
carrying out this invention, but that the i.nvention will include all

enbodi nents fal bi ng Thé thibdesd BE &APQ, Whehdd® BPRSHIEAIR! BleiBE nhOGRO] Al
cited pater}ts, pat ent applications, and other references are | ncorporated
herei n by Aef8Ylance in their enti rety. 21 WD 03/014191 PCT/ US02/ 15726
CLAIMS: 1. A process for producing a poly(arylene ether), conprising:

oxi datively coupling a nonohydricgphenol @1 a reactor using an
oxygen-contai ning gas in the presence of Aa solvent and a conpl ex netal
catalyst to produce a sol ubl e pol y\a ene ether) resin and an insol uble
poly(arylene ether) resin; separati ® soluble poly(arylene ether) resin
and the insol uble poly(aryl eng—e Sin; oand

wherein each Q' is independently selected from the group conmsisting of halogen,
Cy-C; primary or secondary alkyl, phenyl, C;-C; haloalkyl, C;-C; aminoalkyl, C;-C;
hydrocarbonoxy, and C,-C; halohydrocarbonoxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; and each Q7 is independently selected from
the group consisting of hydrogen, halogen, C,-C; primary or secondary alkyl, phenyl,
C1-C; haloalkyl, C,-C; hydrocarbonoxy, and C,-C; halohydrocarbonoxy wherein at

least two carbon atoms separate the halogen and oxygen atoms.
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recycling a portion of the soluble poly(arylene ether) resin to the
reactor. 2. The process of Claim1l, wherein the nonohydric phenol has the
formul a QROQ¥01490OH @ QL wherein each QL is independent IPgTashEc726 from
t he group consisting of halogen, C1-C7 primary or secondary al kyl, phenyl,

Cl1- C7 hal oal kyl ,, C1- am noal 1- C7 . hydrocarbpono and C2-C7

hal ohydr ocar bono3x'y vqu,hreel?rﬂceast O“lkéia?g? cr\t er@%%’Sﬁnoé‘PEYfg’C é%ﬁ%!rcgfn@”f%ea hal ogen
and oxygen ftsbneonoapdtie phbndRarids ai mﬁ@nde;ﬁtihwricsqiheﬁdl,edgfef@;mhi I“t?sgr(ﬁup I
consi sting of r.ogen, . h en, Cl-C7 pr.imry. or condary al kyl , phenyl,
Cl- C7 haIod@??ﬁ¥'%ﬁg%?mh?giﬁgé?BB%%??ﬁnﬁﬁﬂP pb?eﬁgﬁﬂﬁyépgfgwﬁﬁﬁg%y wher ei n
at | east tivpmalar bon atons separate the hal ogen and oxygen atonms. 22 WO

03/ 014191 -PCT/ US02/ 15726 3. The process of Caim1l, wherein the nonohydric
phenol conprises a first nmonohydrig phenol jand a second nmonohydric phenol,
wherein the first nonohydric phefAyl and fhe second nonohydric phenol are
different and each has the formula\@ Q/ HOH Q@ QL wherein each Ql is

i ndependently sel ected fromthe grodp—€oxsi sting of hal ogen, C1-C7 prinmary
or secondary al kyl, phenyl, Cl-C7 MRal oal kyl, Cl-C7 am noal kyl, C1-C7

hydr ocar bonoxy, and C2-C7 haléhyor XY WHérein at least two carbon
atons separate the hal ogen and ox ons; and each @ is independently
selected from the group consisting/o drogen, hal ogen, C1-C7 primry or
secondary al kyl, phenyl, C1-C7 haloal kyl).;Cl1-C7 hydrocar bonoxy, and C2-C7
hal ohydr ocar bonoxy wherein at |[|east two rbon atons separate the hal ogen
and oxygen atons. 4. The process of Caim1, wherein the nonohydric phenol
conpri ses wherein each Q' is independently selected from the group consisting of halogen,

C1-Cy primary or secondary alkyl, phenyl, C;-C; haloalkyl, C,-C; aminoalkyl, C;-C;
hydrocarbonoxy, and C,-C; halohydrocarbonoxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; and each Q* is independently selected from
the group consisting of hydrogen, halogen, C;-C; primary or secondary alkyl, phenyl,
C4-Cy haloalkyl, C;-C; hydrocarbonoxy, and C,-C; halohydrocarbonoxy wherein at

least two carbon atoms separate the halogen and oxygen atoms.

4. The process of Claim 1, wherein the monohydric phenol comprises

2,6-dimethylphenol, 2,3,6-trimethylphenol, or a combination thereof.

5. The process of Claim 1, wherein the monohydric phenol comprises
2,6-dimethylphenol and 2,3,6-trimethylphenol in a weight ratio of about 1:99 to about
-99:1.

6. The process of Claim 1, wherein the solvent comprises a Cg-Cis

aromatic hydrocarbon.

7. The process of Claim 6, wherein the solvent further comprises a C;-Cg

aliphatic alcohol.

8. The process of Claim 7, wherein the solvent further comprises

methanol, ethanol, or a mixture comprising at least one of the foregoing solvents.
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2, 6-di net hyl phenol, 2,3, 6-trinmethyl phenol, or a conbination thereof. 5. The
process of Caim1, wherein the nonohydric phenol conprises

2, 6- di nretWwglophenel and 2, 3, 6-trinmethyl phenol in a weight rariusovis7about
1:99 to about 99:1. 6. The process of Claim1, wherein the sol vent

conprises a C6-(J8 apomallc, ?N@E% ir\pl%?é&z' I)Qlife%;)rﬁeg ?ciata&{st CGOII?L-IQCSgi The

wherein the sol vent furgﬁer C rise’s a con
process of Chetahion,roshGreiprivViBhGrep| Widitor GuetptiBrof cleperibdie sableret hanol
ethanol, or a mxture conprising at | east one of the foregoing solvents. 23

WO 03/ 014191 PCT{JSO ey i 0 of Claiml erein the conplex
nmet al cat al yst c()dJr'rpr ﬁ%}zécgﬁse%aﬁ:ll| o}f hregeﬁﬁ eocl?f)n él?etécgﬁlgys{ﬁolnﬂm%sr G oup

| B of the pémrbmiing maapirese, LObali] bepppr, ocessntofiatich@bmpiisingvidest onetdfeheconpl ex
nmet al cat al ¥t cor}}ggtéses chrom um nanganese, cobalt, copper, or a

conbi nati on 50%%115 |nl§ at |least one of the foregoing netals. 11. The
process of Caim1l1, wherein the conplex netal catalyst conprises an

al kyl enedi am ne 1li. ganihetpasdesspitGleint brwheran (HRepRieRandiIRalaRyst solngrisesn Ra is a
substituted_or Yns bsti fut eQP%VEX@#‘gi'@uFSi due wherein two or three

al i phatic c%{]r%kn at oHe" o %ink between the two dianine

nitrogen atons; and each Rb is independently hydrogen or Cl1-C$ al kyl. 12.
The process of O aim 11, wherein @RN-KaN{R).t hyl ene or trinethylene, and
each Rb is independently hydrogen, isopropyl, or a C4-C8 al pha-tertiary

al kyl gro 3. pal; : f ks 1. rel: kyl e i.am ne
ligand is URP?{IéﬁIR l\fgeﬁt g{b?gﬁe%ﬁhé}l qn%%l-ng}ltez]idn‘? ]H%Ygﬁo%glﬁ%% %%glnTﬁ’éo glregfé%ss of
A aim 11, viliphgtiocarton atdrs/fosmélk desesidinkibgavedn itlge two diamine nitrogen atoms;

N, N -di-t- bziﬁtdyela&t IQ‘leS %{b%gén%%t%ydrogen or C;-Cg alkyl.

12.  The process of Claim 11, wherein each R® is ethylene or trimethylene,
and each R® is independently hydrogen, isopropyl, or a C4-Cg alpha-tertiary alkyl
group.

13.  The process of Claim 11, wherein the alkylenediamine ligand is

N,N,N’,N’-tetramethyl-1,3-diaminopropane.

14.  The process of Claim 11, wherein the alkylenediamine ligand is

N,N’-di-t-butylethylenediamine.

15.  The process of Claim 1, wherein the complex metal catalyst comprises

a C4-Cy2 secondary monoamine.

16.  The process of Claim 15, wherein the secondary monoamine comprises

di-n-butylamine.

17.  The process of Claim 1, wherein the complex metal catalyst comprises
a C4-Cy; aminoalcohol, wherein at least two carbon atoms separate the amino nitrogen

and the alcohol oxygen.
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15. The process of Claim1, wherein the conplex netal catalyst conprises a
C4- Cl2 secondary nonoam ne. 16. The process of Caim 15, wherein the
secondar ywompoatthhe conpri ses di-n-butylamne. 17. The proramse2/of2€Cl aim 1,
wherein the conplex netal catalyst conprises a C4-Cl2 am noal cohol,

wherein at |east;gwo f}% t he

al cohol oxygen. fgl ﬁ%éﬁ%@%@fﬁ%‘% %5%%% %%lﬁﬁl lglh%g%gg]g of Claim
17, wher ei norti@henyl-pibanaddohiok. i s tri et hanol amine or N phenyl et hanol am ne.
19. The process of Claim1l, wherein the conplex netal catalyst conprises
an oxi ne having e 9L are
each mdependenttgc sg?]eW%Ssﬁ%&%fg%@%ﬂ%{ﬂgg%?g&%low §{aérog1 grsles

hal ogen, hyairaxd havigttheformwieno, C1- C6 al kyl, and Cl-C6 al koxyl. 20. The
process of Claim 1, wherein the conplex net aI catal yst conprises a
tertiary monoami ne having the structure (Re)(Rf)(RP, )N, wherein Re and Rf
and RO are each independently a Cl-|C16 kyl group, wth the proviso that
Re and Rf and RF collectiveljy have la total of gsour to eighteen carbon
atonms. 21. The process of Claim ; e tertiary nonoam ne
conprises dinethyl-n-butylam ne. pbcess of Claim1l, wherein the
conpl ex netal catal yst conpri Ses imary al kyl am ne. 23. The
process of Claim 22, wherein kRfie privdary Yl kyl &fine is n-butyl ami ne. 24.

The process of Claim1, wherein the insol ible poly(arylene ether) resin
OH

wherein R!-R° are each independently selected from the group consisting of hydrogen,

halogen, hydroxyl, nitro, amino, C;-Cg alkyl, and C;-Cs alkoxyl.

20.  The process of Claim 1, wherein the complex metal catalyst comprises
a tertiary monoamine having the structure (R9)(RH(RE)N, wherein R® and Rf and R®
are each independently a C;-Cj¢ alkyl group, with the proviso that R® and Rf and R®

collectively have a total of four to eighteen carbon atoms.

21.  The process of Claim 20, wherein the tertiary monoamine comprises

dimethyl-n-butylamine.

22.  The process of Claim 1, wherein the complex metal catalyst comprises

a C3-Cy2 primary alkylamine.

23.  The process of Claim 22, wherein the primary alkylamine is

n-butylamine.

24.  The process of Claim 1, wherein the insoluble poly(arylene ether) resin

has an intrinsic viscosity of at least about 0.2 dL/g as measured in a 74:15

weight/weight mixture of chloroform and chlorobenzene at 25°C.
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has an intrinsic viscosity of at |east about 0.2 dL/g as neasured in a

74: 15 wei ght/wei ght m xture of chloroform and chl orobenzene at 25C. 25 WD
03/ 01419IWB@3hUsOR/ 15726 25. The process of Claim 1, wherermushohes7gol ubl e
poly(arylene ether) resin and the insol uble poI y(arylene ether) resin are
each copol yners ,of a h nohydri c
phenol, and the 2gol ub epgoo y(ar y%glf’]é \élpﬁrgl{r%;}ge So&lnﬁ Poﬁ'faéﬁe%e %Fergﬁ%%/l ene

et her unit sandehd ineclulfle poiy({drgedd etbdr) nmincdny dachaopbigmers of @ fizktengtoapdric et her

units deriv d f.romthe secon I‘IC hen differs by at, | eqst about
0.05 from# ﬁléO] aﬁg]g SGBTE PIiQ g(@%’yﬁa’e‘%g &?%@F)Smg’klﬁcﬂobr(a fﬁf‘? g"hﬁ"b Sﬁﬁ@?{w ene

et her uni t satieof piedylefi¢ ethert wisits fdetiedd mnd’myﬁiﬁi moﬁmgﬂﬁ& plﬁeﬁjopqumehﬁélﬁ: ?t rc]jer
units derived fromthe secopd m) en 26, The cess. .0 aim
1, wherein “?‘Wéuggﬁ 91361"8‘13' thg,s%og %‘Ph&% ° Rhseg rfﬁffeéﬁhytah]éa*fﬁ H e

pol y(aryl erfeongtiiciyolits ipBlyedrHeAd RerP® Rt af YRS opﬁheaylénaetﬁatmtls g  and
2,3,6-trinmethylp elfen%)l and the nmple fraction of

2,3, 6- t ri meteyiter it poappidain dheral e Phemiang dilier pps desivedifomp dieyeatnd ene
et her) resiforofy (ﬁ{c measit about 0.05 less than the nole fraction of
2,3,6-trinethyl - - phenyl ene et her unlts in the insoluble poly(arylene
et her) resin. 27 The process of Caim1, wherein separating the soluble

pol y(aryl ene et?'ﬁer) P%Qf%esérﬂf (Ipa il’n‘gléefrﬂﬁlﬂée f%‘l‘ti}? asaly{aéxl%n cetira} 535%9 n
conpri ses an efelinidiitie OL@FIGR etel)QBih BR MEPSHPoRRARS 112 A@inRfhyhHehdl- | 1 qui d

centrifugation, basket centrifugation rotatlb(gg filtration, continuous
rotary vac@ith%3 ﬁ‘ttrr“a?t?%]ﬁhe@bni‘qdn@@u@ox?offﬁ%@n d2pi6rtiimgthyb b4 ihgnene

filtrati on,et}@pqm@somh@ealmsaespolffy@agqéﬁéétﬁa) flsirl 828 feaQ B0l 0.6 R s @EF AR NY
techni ques. 28. The process o aim1, wherein separating the soluble

pol y(aryl emeole efrh@m;l 1965 23 Griimathd- I hplsmyllsne ety (vaity | énethet Inselpbleesi n

conpri ses ehdhd reSENt ri fugati on, basket centrifugation, or a
conbi nat i o }Jk(lg¥eof %re The process of daim 1, wherein recycl ing a

portion of the soluble pol y(ar | ene ether) resin conprises returning at
| east about 20 #éi ghth ?)@’foééﬁﬁto laiyd, W§6qeub$e@ar}§811%/(@r%ﬂ@#ﬁap@v@@fh}ner esin to

t hF rbIeaCt OfethedQesid BRI e AERRDIO ol fthRAeNk LiheWIEEEESMPIREY £ tcRPqhe RRctdgon of the
SOl upl e

from the group consisting of solid-liquid centrifugation, basket centrifugation, rotating

filtration, continuous rotary vacuum filtration, continuous moving bed filtration, batch

filtration, and combinations comprising at least one of the foregoing techniques.

28.  The process of Claim 1, wherein separating the soluble poly(arylene
ether) resin and the insoluble poly(arylene ether) resin comprises solid-liquid

centrifugation, basket centrifugation, or a combination thereof.

29.  The process of Claim 1, wherein recycling a portion of the soluble
poly(arylene ether) resin comprises returning at least about 20 weight percent of the

soluble poly(arylene ether) resin to the reactor.

30.  The process of Claim 1, wherein recycling a portion of the soluble

poly(arylene ether) resin comprises recycling a portion of the solvent to the reactor.

31.  The process of Claim 1, further comprising recovering the complex

metal catalyst with an aqueous solution.
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poly(aryl ene ether) resin conprises recycling a portion of the solvent to
the reactor. 31. The process of Claiml, further conprising recovering the
conpl ex wetoaloiaat al yst with an agueous solution. 26 WO 0BCOABLO15726

PCT/ US02/ 15726 32. The process of. Caim1, wherein the process is a batch
process, a sem -pat chyyp eﬁ?&% > of ©iaifh fOQLérE‘iHOt‘Hé SREERSa birh df?é%EsO%ess for
producing a pol y(arylen copol’ymer, conprising: oxl veél
coupling a sfenmbtatclmpmw}dmacmpﬂnmprxan@s.a second nonohydric phenol in a
reactor using an oxygen-cont ai ni ng gas in the presence of a solvent and a
conpl ex netal cakal yst opol yner
and an insol ub?g po% %%;Fgogg%gt%ﬁﬂ% %?ﬁ?%ﬁyé%%l@ﬂ% %hgﬁgl%lrrlé
nonohydri ¢ phenol and the second nonohydric phenol are different from each

ot her and each xilatiyady fcgpphingaa @St@mnqh}'d]w plgnobyendite pesiond gweriehydric s

i ndependent I 7 primary
o secondary afan f SAtor ok A By Sh RURa GRS b B0 aflsclld A9 Ben{ g oL,

hydr ocar bo W@Wlexam@ia&at@w Halpoedpde @c&@ﬂmwdy(ame@thﬁrhvop@m andencar bon

atons sep endent |y
sel ected f?gsran&%]%@ﬁ@gh&g%@ﬁ?%gP&ﬁ%%&h%}e rogen q%%?g\ﬁdrgzphﬁd 9%%. mary or
secondary aetond mquobydric,pheied aedifiekmetday bach ClheCandaadh basahdfomanly, and C2- C7
hal ohydr ocar bonoxy wherein at |east two carbon atons separate the hal ogen
and oxygen atons; separating the seluble pgly(aryl ene ether) copol yner and
t he insoluble poly(arylene ether er: and recycling a portion of

t he sol ubl e pol y(arytene ether) cop¥l to the reactor. 27 WO 03/014191
PCT/ US02/ 15726 34. A process for pfoducy ng a poI y(aryl ene ether)

copol ymer, conprising: oxi dahl vel
2,3,6-trinmethyl phenol in a

wherein each Q' is independently selected from the group consisting of halogen,
C;-C; primary or secondary alkyl, phenyl, C,-C; haloalkyl, C;-C; aminoalkyl, C;-C;
hydrocarbonoxy, and C,-C; halohydrocarbonoxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; and each Q7 is independently selected from
the group cohsisting of hydrogen, halogen, C,-C; primary or secondary alkyl, phenyl,
C;-C; haloalkyl, C,-C; hydrocarbonoxy, and C,-C7 halohydrocarbonoxy wherein at

least two carbon atoms separate the halogen and oxygen atoms;

separating the soluble poly(arylene ether) copolymer and the insoluble
poly(arylene ether) copolymer; and

recycling a portion of the soluble poly(arylene ether) copolymer to the reactor.
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reactor using an oxygen-containing gas in the presence of toluene and a
conplex netal catalyst to produce a sol uble poly(arylene ether) copolyner
and an i reoloabi4a9l pol y(aryl ene ether) copol yner; separati RgTiuse2/svbabl e

pol y(aryl ene ether) copolynmer and the insoluble poly(arylene ether)

copol ymer; and BgcycCli ' 6l her)

copol ynmer to thg reactﬂ(fl;gc.eés %gﬁid%ﬁgn%%%gg?ﬁ%% %%egicﬁg(g%arﬁﬁ%@%&?ﬁ he

i nsol ubl e poly(aryl ene ether) conprises at |east about 20 wei ght percent
of 2,3, 6-trimet Ryidadvely noupkiige eb-dmetiylphgpnlt and 363,6-acthylpheawl Bf aQ ai m 34,
wher ei n _re(}é’a‘é{drrlﬁin% RObkgeflcRHtaihhg S0k Rhe preRQkY GRAtMLERCarkl N RbhpleRMPT 1 SES
mai nt ai ni ng the solubl e ‘poly(aryl ene ether) at a tenperature T according
to the expresdj@ilypstoomodugepa salgbly poly(arylene gther) Papolymgsang) an msdgple- 0. 00795
x IV- 0.0 is the soluble poly(arylene ether)

concentr at %é%(ﬁlzﬁt%eéw%@%%essed in weight percent; IVis the intrinsic
viscosity of the soluble polgglaryl ene ether) copolyner in a 74:15

wei ght / wei ght nspeistiag othe cslgie fRlxipralene catha) sopelyapre aad thpsmsolellpr essed in
m./g; and ' fonds 3, 6-trimethyl -1, 4-phenyl ene ether units
in the sol E%@ﬁ%@yﬁ%ﬁg&ggﬁgg) copol yner, expressed in weight % based
on the total weight of the soluble poly(arylene ether) copolyner. 28 WO

03/ 014191 PCT/ USgygling 2pgrtiogpof ﬂm@lqbfed@éé@v pe ether) peIRLymeitie hEireactoie
concentration of the soluble poly(arylene ether) in the recycled portion is
gi ven by Os accgsdi Nghd prdcb8 EXORAS SuOWhereimothe Anstfbid/ polylar@énel MBer) (35.7) +
(1.97)Tj"d(1 - (0.0080)1I V- (0.0249)*TWMP) where 0., is expressed in weight
percent, | VOPBriEehat deastiBbaut 79 velahz/p@rﬁrélt &f et §-trimeth s drphenyiang j st ¢
viscosity iygit@ 74: 15 wei ght/weight m xture of chloroformand chlorobenzene
at 25C (expressed in nL/g), TMP is weight percent of

2,3,6-trinmethyl -1, 4-phenyl ene ether_units in the sol uble poly(aryl ene
et her) copol yne?6l- (X Bosesy of lgan heVhisesie Ermy§lingah gorfiop it %S@gﬁﬁerat ure
of the recyelyeeylaRr &ihef) comprises maintaining the soluble poly(arylene ether) at a

temperature T according to the expression

NEAs (0.296 x IV +1.27 x TMP — 35.7)
1.97(1-0.00795x IV — 0.0249 x TMP ) )

where ¢_ is the soluble poly(arylene ether) concentration in toluene, expressed in
weight percent; /V is the intrinsic viscosity of the soluble poly(arylene ether)
copolymer in a 74:15 weight/weight mixture of chloroform and chlorobenzene at
25°C, expressed in mL/g; and TMP is the content of 2,3,6-trimethyl-1,4-phenylene
ether units in the soluble poly(arylene ether) copolymer, expressed in weight %, based

on the total weight of the soluble poly(arylene ether) copolymer.
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(expressed in C). 38. An apparatus for producing a poly(aryl ene ether),
conprising: neans for oxidatively coupling a nonohydric phenol using an
oxygen- cowDaBi41g1l gas i n the presence of a solvent and a ®cmwpaisex13Ted al
catalyst to produce a soluble poly(arylene ether) resin and an insol uble

pol y(aryl ene et ) rﬁ%'ﬁ}oce@?%f]%lgl r3f§e\9ﬁ€r§}1'tﬁg cBJ?(.%nt?ﬁkdﬁb&ethQ%%fbr yl ene

ether) resin and the ‘insol pol y(aryl ene ether) resin; and neans for
recycl i ng apgiy(atylenn ethbr)tiléhe sarlyclbd porpioh is(gaveplbyrg agtdrdmg to thslenprbsmomhe
reactor. 39. An apparatus for produci ng a pol y(aryl ene et her), conpri sing:
a reactor for oxidativel

gcou garmnoyrlcpenol i an

oxygen- cont aPnEAY3 QY +i(h2THY. pT@é Ad 1 87) Taoued QRO HG—40- Q%)‘%N@’)’f)rmt al
catalyst to produce a sol uble pon(arerne ether) resin and an insol uble
pol y(aryl ene resin: .a solli u epar.a for [ at t he
sol ubl e pol V(& é?y‘ﬁe?‘f XRERY P e‘%el%qa%e&&t ]eVslsﬁgho i Pbleppq@%&%y éalﬁl{e%%et her)
resin; and g §BrHéP'uﬁnH§?é AR GRG P4: M8 K)ei greoxednt mxﬂuwsf Emmmﬁmdl ng a
portion of t solubl'e poly(arylene ether) resin fromthe solid-liquid

separ at or t@ldrh@nzmcta@r 2579 mxew@lmgmm / TgB2/id 5weight 4@rceph efppar at us
for produci é;%ﬁ%h]%gtlh¥1(94ry?&1 ?en%teﬁ'lgr erhts §oﬂb?eg%01§(a{y?e%%teﬁlregscgéol%%]dat Fvely

coupling a dsing

presence Of(eﬁprB&Bbd/elmtw&iglﬂ pa:rmt)phmk 7mst t:hle tealpaxlaysd: of ahe pcqydledepoaumol ubl e
poly(arylene et he % kﬁSIn and an insoluble poly(arylene ether) resin; a
cat al yst r d€ 95 for separating the conplex netal catalyst fromthe
sol ubl e poly(arylene ether) resin and the insoluble poly(aryl ene ether)
resin;, a first 8lidAndpphdus dparatueingbeolytaplanadthey cogrising:ubl e
poly(arylene ether) resin and the insoluble poly(arylene ether) resin; a

sol ubl e pol y(aryl ene et her)..recycl ne for re i on of the
sol ubl e pol y(ar yT%éf2 g?rhef’%]d?tggg' ?‘%“%H{’% hé f?’%‘fhyso‘fl é’ﬂ?‘“’zuﬁl gepaglr ator to
t he react oroxygen-emtditiiny ghaiikiht predéepaif aesolveat ambo lcoplex podtyl (catalysetoe et her)

resinin an produce a soluble poly(arylene ether) resin and an insoluble poly(arylene ether) resin;

means for separating the soluble poly(arylene ether) resin and the insoluble

poly(arylene ether) resin; and

means for recycling a portion of the soluble poly(arylene ether) resin to the

reactor.
39. An apparatus for producing a poly(arylene ether), comprising:

a reactor for oxidatively coupling a monohydric phenol using an
oxygen-containing gas in the presence of a solvent and a complex metal catalyst to

produce a soluble poly(arylene ether) resin and an insoluble poly(arylene ether) resin;

a solid-liquid separator for separating the soluble poly(arylene ether) resin and

the insoluble poly(arylene ether) resin; and

a soluble poly(arylene ether) recycling line for recycling a portion of the

soluble poly(arylene ether) resin from the solid-liquid separator to the reactor.
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anti-solvent; a second solid-liquid separator for separating the insol uble
pol y(aryl ene ether) resin fromthe anti-solvent; and a dryer for drying
t he i nsolwblog/opaby(aryl ene ether) resin. 30 PCT/US02/15726

40.  An apparatus for producing a poly(arylene ether), comprising:

a reactor for oxidatively coupling a monohydric phenol using an
oxygen-containing gas in the presence of a solvent and a complex metal catalyst to

produce a soluble poly(arylene ether) resin and an insoluble poly(arylene ether) resin;

a catalyst recovery tank for separating the complex metal catalyst from the

soluble poly(arylene ether) resin and the insoluble poly(arylene ether) resin;

a first solid-liquid separator for separating the soluble poly(arylene ether) resin

and the insoluble poly(arylene ether) resin;

a soluble poly(arylene ether) recycling line for recycling a portion of the

soluble poly(arylene ether) resin from the first solid-liquid separator to the reactor;

a reslurry tank to disperse the insoluble poly(arylene ether) resin in an

anti-solvent;

a second solid-liquid separator for separating the insoluble poly(arylene ether)

resin from the anti-solvent; and

a dryer for drying the insoluble poly(arylene ether) resin.
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