V\D 03/014191 0 7 FEB 2006 PCT/ US02/ 15726 PROCESS AND APPARATUS FOR

PREPARI NG A POLY( ARYLENE ETHER) BACKGROUND [0001] Poly(aryl ene ether)
resins are well known and widely used thernoplastics vall&8 Hibr properties
i ncl udi ng h¥2O3%P¥¥st ance, stiffness, and high inpact BEWEswytme The desire
for thernoplastic conpositions with i ncreased heat resistance has fuel ed

t he di scovery RROGESSYNID $PPARABISEOR PREFARING W POLYRRYLENBETNER)ght s and/ or
nononer comnposition that enable inproved heat resistance as nanifested in
properties including glass transition tenperature, heat distortion

t enperat ure, BACGKGROENDsOftening tenperature. [0002] Various methods of
preparing poly(aryl ene ether) honopol ymers and copolyners are known. U.S.

Patent No. 3,306, f5601]tra1 1id € BRE UMéjea?&r»{réi’le%m | 93t WRiyOfseghenol s to
pQl yphenyl ene et &) ) we enor§1 nones.. U. S, g‘?'gngBNomyjuso 1,200 to

rs an
Yoneni tsu et é?ﬂ%’r Xilyeg g ROPG RS dnalushing) heatetesistanspmpttifiassh pad dighg ol e
percent of 2 zﬁnpa‘ht seéngihl p TR Gésirendoromierimoplistit Tompelitfols gntlimﬁc@aé’é@fh@ﬁnt

2,3,6-trinet unl ts. Pat. ent 463,164 to
Dal ton et al rmmgaﬁg{lg |y 5‘32%? B °6L’8@§Qi°"efe 1) p'F%‘lfum gile ‘6“?
pol yphenyl enevmhlsearsilorcmwpmeswmgpmmahan \eaibje mmp#adnlyatrmamh;cdrasc phenol s

n the preseneaimbeadin pplis Hbahy Slasd Bhelddn ehbdithl HBLIRAT ch Ts a

solvent for the nononer _and catal yst” and a non-s

pol ypheny| end BReFBye: ang %‘Fﬁf?f&“‘&g‘ﬂna‘i"r?‘y“‘of particul ate solids containing the
pol yphenyl ene .ether precipitate, and washing the slurry wth an aqueous
solution of a cheﬂoa‘iﬂﬁ) Ngﬁagemhoﬂmfrmm pobyargbnesither)d@mdprdymeishaad pr ocess may

utilize sol VQBﬁolﬁ&EsyﬁJeu&gm[Q@Q%w:&t SNO @%@9&5 N Haf, fgéﬁﬁa@%@scﬁ&s Bialy et al.

general |y descr.i bes oces ducti on of pol yphenyl ene ethers

by neans of tﬁ’gatﬁ’ﬂfﬁgl?eg?} ?)?ﬂ@?’:é?a"tﬂfeﬁ%gé’ﬁ’h‘i“°%‘“9&ﬁse of- ﬂg(ﬁl“t% ei t her

oxygen or a ¢dd1.28no onimigu eicil. eenckally demylgecmomer% henpriarngsmmzﬁolef a

catal yst, by i RHOYgG! n ti S nd with the
pEOHE | BHOUS deé?ﬂﬁ’Jh@ﬁo‘l gﬂ [ qU| r eal"}%l oﬁrybrreésu rpe[f%l

preC|p|tat|on of t he pol yme |nthe
preci pi t at ed ,a rt?ﬁ;étpylphenol monomer units.

[0003] U.S. Patent No. 4,463,164 to Dalton et al. generally describes a 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 sharry 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.
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is continuously recovered, and part of it nmay be recycled to the

pol yneri zation reactor. WO 03/014191 0 7 FEB 2006 PCT/ US02/ 15726 [0005]
U S. Patent No. 4,906,700 to Banevicius generally descrifpsrggsocess for
reducti on OVO B3P er ous pol y(aryl ene et her) by- productBCT/EUIH724S
2,3,6-trinethylani sole, by continuously distilling and recycling the
aromati ¢ hydr ocdp@ShUsSoPatenn NoLks%08,700 tame@ms;gemayay dexeritet B progess

pol yrrer i zat | 6. LAOAE) HNSLEAEIR! P9 @ RSO B RRkRT WS, ot her)

production process t zePrav hmierials to form
pol y(aryl ene2éi6ﬁ§¥‘?th¥1@sﬁ°hs tyh gentigpausly | ﬁlstdlulﬁ)laed i oycling gl rematizat i on

reaction ni th&&arbéfm@rvemfuwdtnmep& jeRsetiRr)PeRMedAfiond POl y(aryl ene ether)
production process that efficient utilizes sol ubl e pol y(aryl ene et her)

ol y(arylane ot A ?ﬁ%‘iﬁf"ﬁ"gﬁnﬁfeﬁ@*°§%%@x%v%rb%€% HRSIBREL L P hed am
ot her dr awba®Res ffcendy sititizea mvagateriglt tq frem pehiagylengrethedrnesingl hatvarat ed by a

process for praghiCinnge ,fblmhya&laﬁ Yeh 8138 nBLIE! Yherl R héhal'a ne@o AL | Vel y
coupling a nmonohydric phenol .in a reactor u5|ng‘an oxygen- cont ai ni ng gas
1

in the pres e%ga%?neae‘%%] pragetiopprogess, Bty sflsienths uljlizes sply 1§/§?1Y({a’@!1°b‘i' oduce a
sol ubl e pol Mﬁam&weatmataee Jorm&dSih fhepRdenddlofl thesdekiktalisoRblk pélxaylesne et her)
- resin; separ gfing. the sol ubl e poly(aryl ene ether) resin and the insoluble
pol y(aryl ene” ethery resin; and recycling a portion of the soluble
pol y(aryl ene e re5| nto the reactor. [0008] O her enbodi nents,
i ncl udi ng an %%5 ¥Yor forni ng a poly(arylene ether) resin, are
descri bed bel ow. . BRI EF DESCRI PTI ON OF THE DRAW NG 5}0009] FIG 1is a
sinplified di agr 4% The apperegstibednand ther drawbacky pnd disagvanipees of b y(aryl ene
ether) resi npnoEQlQlQ)anEh&d s d ;&o@sssmmoa&ingd pelyQgicAB e, Compraigof a
pr ef err ed ap&?‘& tlvellly couﬁmg amoncr)gygrgc pqlexpo?mya cac Oll‘ I?S?neg ag E))rc])reglé -cgn?alsnlmg gas4

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 DRAW]NG

[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.



2 0 7 FEB 2006 WD 03/014191 PCTI US02/ 15726 DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS [ 0011] One enbodinent is a process for producing a
poly(aryl ene et herg conprising: oxidatively coupling a hiitlr i ¢ phenol
in a react o™USPH#lan oxygen-containing gas in the pre®EhU8028572@ sol vent
and a conplex netal catalyst to produce a soluble poly(arylene ether)

resin and an DBSAILEDIRESORINIGNYIFETHE FRERERREDEMBODIVERNIA! at i ng t he sol ubl e
poly(aryl ene ether) resin and the insoluble poly(arylene ether) resin; and

recycling a porti qm19fosdheninth & pQ}d&éffM'pgrun dﬁ% Qe@y(&ﬁaie%ﬁ the

reactor. [0012] The present _inventors have rocess to
produce a pof%fEFH¥ ‘er@etyR youpling g pepohydrs pherabinm eafter t‘% an
pol yneri zat i ooxyp@aobthining EaxinUhiepredehie ofefs'éllvedt anty ccaxmlexnﬁadléamyg( kdy of the

b b t b
el yCaryl ene EpoEPh SoESe sobes BR Bl MY g AT me e BB it ure.
Wil e the rreti’f?m!alins ﬂlfﬁplﬂb’@&)bb’@r)ﬂ@e p@)b@(@m)phéﬁe isphble polp@ryizpottharer s and
copol ymers, ifesih; Sﬂnmé)rchﬁéug pftloY Of"@@gd*“blécp?fy apﬁénlé%@&#e?ﬂ‘?o il J@?c{o}. copol ymer

synthesis in which the nononer conpositions o e nononer teed, the

sol ubl e pol y(aryl th and th sol ubl e, pol ar yl ene et her) may

di ffer from each g({aﬁig The Efzfg]mvleﬁgfseﬁﬁvg gd ?tt‘i“c‘hPé 5§ {9 PRSYE I on t he

monohydri c ph@imrylﬁmedwer)nestmat ipinboh(bde mltﬁmlﬂehmn)m aeyaiohmnﬁe Ui t abl e

nmonohydric p i rein each QL
k@f@énéy ahlf (lgl'bqﬁctxivﬁp 3F tlﬂaﬁglg&gs be ig{ g;g %1' ﬁpafgtmgpﬁnds

IS mdependently hal og or’ secon enyl, d-C7
hal oal kyl, CIFe®? %ﬁm%?%moly(@efeﬂbﬁ)d?sabm%nmw polgpenizption reaction

hal ohydr ocar hnirmey Whﬁd’ﬂhb Fincétiod seaplicabto ﬁ@ﬁ(&@l&n@&tﬂ&ﬁh&ﬂ@a&ﬂé&aﬁdﬁe hal ogen

and oxygen Stk ndent hydr ogen,
hal ogen, %8 %I’I r’rar ormg%r g@?ﬁ% &S?%“e ﬁg‘ﬁf I°° ° °&‘7y“4’§7 é’i kyl, G-C7
hydr ocar bonoW“ChO?‘f @pngng cpnquglozg@ the monomer feed, the soluble poly(arylene

ether), and the insoluble poly(arylene ether) may differ from each other.

{0013] There is no particular limitation on the monohydric phenoi 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, C-Cy
halohydrocarbonoxy wherein at least two carbon atoms separate the halogen and
oxygen atoms, or the like; and each Q? is independently hydrogen, halogen, Ci-Cy
primary or secondary alkyl, phenyl, C;-C; haloalkyl, C;-C; hydrocarbonoxy, C-C;
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WO 03/ 014191 PCT/ US02/ 15726 hal ohydr ocar bonoxy wheréin at |east two carbon
atons separate the hal ogen and oxygen atons, or the |i TEEQﬁﬁerably, each
QL is al kyl or phenyl, especially-Cl4 alkyl, and each i ydr ogen or
met hyl . [ 00N@P3/1#98 preferred enbodi ment, the poly(aryl meusiisess) is a
copol ymer of a first nonohydric phenol and a second nonohydric phenol,

wherein the ﬁdlmarocmn@dyyﬂnejr@n @h&aﬁlmamﬁkb&maoﬁﬁ%b&dterm@m fiagg phenol are

different fr n1ea h ot a a forml a: erein each Q is
|ndependentl38/ 5 (c’fqgerl ?’ﬁg”% fi@’@ §§%lt°fﬂlj“36’fesfi‘?5’la%%r1a]kylcl C7 primary
or secondar yMIeWIQ iptydregén or @eth7 hal oal kyl , C1-C7 ami noal kyl, Cl1-C7

hydr ocar bonoxy, and C2-C7 halohydrocarbonoxy wherein at | east two carbon

atons separate Q¢m4mla®gﬂarealadnb&ﬁﬁi@ﬂ,ﬂh@ﬁ lexé@d;e&?sqko@y;héofydependent |y
sel ected frogk %Qg hg€£5| t|n 4 halogen A -C7 primary or
secondary al Kyl , nﬁ pae 8% °Y ehennly dvhsesin fsn &Y, and C2-C7
hal ohydr ocarmmvayicwheuobm tbdsecdxﬂamdno}iydﬁc p‘l&ﬁd@@ft diffedén fisMEeadhalter t he hal ogen
and oxygen 18] a highly preferred enbodi nent, the poly(aryl ene
ether) is aa&@gggﬁyne -&% 6- di met hyl phenol (hereinafter "DW") and

2,3, 6-trinethyl phenol (herelnafter "TMP"). In this enbodi nent, the
copolyner-nay conprise 2, 6- dlneﬁhyl 1, 4Qphenyl ene ether units (derived
from DVP) and 2,3,6-tr|nethyl 1, A\phenyl ene ether units (derived from TMP)
in any proportion, from weight ra of 1:99 to 99:1. It may be preferred
that the weight ratio of 2, 6gding henyl ene ether units to
2,3,6-trimethyl-1,4 phenyl ene et h&) /S is at |east about 1:10, nore
preferably at | east about 1:5, yet\ & preferably at |east about 2:5, in
order to inprove conpatibility w \edures and appar atuses useful A 4 0
7 FEB 2006 WD 03/014191 PCT/ usolef5726 Q'

wherein each Q' is independently selected from the group consisting 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 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 (hereinafier “DMP”) and 2,3,6-trimethylphenol
(bereinafter “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




for the production of poly(2,6-dinethyl-], 4-phenyl ene ether) honopol yner.-
It may also be preferred that the weight ratio of 2, 6-dymgtfysel, 4

phenyl ene ether units to 2,3,6-trinmethyl-I,4- phenylene ether units is up
to about 10VQ03/4He9e preferably up to about 5:1, yet norernpogisesably up to
about 5:2, so that the heat resistance of the copolyner is sufficient.

[0016] The omrq@tﬂra&c@&tmlpu}@ QbimtBa- ﬂ%@:ﬁ%ﬁé letﬁerpgcgg@kw&e%t Wi th oxygen

oxygen- cont ai ni

t
bei ng pref e?‘F%Qe P’%ﬁi@}ha*ﬁﬁ% I Sh‘oﬂ%{})‘uﬁ 26 B‘HE%‘H,‘! -Rhepyleng e Bl tcoupl ed i n

t he presence2 &,S-tﬂmctB)OJl)Aquny@dﬂd etaeramnpiseqs torebodd 105R tndrd/ préferabiviing @l € organi c
sol vent s |ncL% | i.phati c an I’OTTB.'[IC

h
hydr ocar bons; cthf e grﬁfeffgﬁom’ mrfPW %t One@’@é&ﬁd’ﬁ@ TesistRee & eest ers,

am des, m xeebpelb'hgrlsséﬁmns sul f oxi des, and the 1ike, and conbl nati ons
corrprl sing at | east one of the foregoing organic solvents, providing they

dd not interfereQasITIRN RRbE Icmpﬁné he Qnd dRinbiRMri€ eﬂﬁl&éxoﬂses lg, a preferred

enbodi ment, the solvepnt co i.Ses g8 aromatic drocar bon, i ncl uding,
for exanpl e°xy§?5'r‘i9€‘ﬁ'8mgx%7f’er%€‘§‘ ‘Saﬁ‘iﬁc @xmexp(éOz) QA @rniR GRS PHRE eof . A

hi ghly pref eprefegled. sol vent is toluene. [0018] The sol vent may conprise, in
addition to a C6-Cr8 aromati ¢ hydrocarbon, a C3-C8 aliphatic al cohol that

is a poor sol venr{oofmrmehson%g,mblpsenang oxxdmiy%l,ﬁeml Mé @ereln £t her)

resins, SUCh r opanol i Sopriopanol ut anol

r exa
t - but anol , E’é‘?ﬁaé‘acﬁ co ﬁg ot ‘1"’{)11/\%" S&ﬁ@’%ﬁ’ﬁﬁ‘%%ﬁ%ﬁé"‘%‘@ﬁﬁ*‘ﬁhﬁ%g at | east
one of the fakobgal rkgtofif3; CBipladtic pal iaconatic ohydloBarbohs,preblbmhyddtabasCa al i phatic

al cohol i's B O4ERDOlons, 'g{},grs’sge}ég&tgdggy};éy& h_g{]acglrﬁp dgsehm*ﬂlela}(ddl tion to a

C6- C1B ar omatl ¢~ hydrocarboh an 6t hanol or
et hanol , whi ¥ cepinationsGempHsing at ot geapfl ﬂicdwezom orgshig isdteentsrptovidiam| ubl e

pol y(ar yI enehet B@Ih))t fﬁfeﬁsthﬂ_he ehier Qﬂ@meadxﬂﬁ@&n' féaﬁﬁégr %34 pefamed he C3-C8
al i phatic al c%h any

proportion, Bur quhg’y Be' g“‘”%%“@‘?{éga (?T?é'c a‘f’ﬂ%‘ws%'gﬁ%éﬂ’?m igb%(} oo nI east
about 50 weiehmplpetplvenst xrdénes,md @8- 1Beaand mainwmtes cheteptr Gclaglﬁy)p'gfe{rﬁﬁlg] The
conpl ex net alovemtabisie, My conprise a netal ion. Preferred netal ions
include ions fromGoup VIB, VIIB, or IB of the periodic table, and
combi nati ons [0018] The solvent may comprise, in addition to a C¢-Cis aromatic
hydrocarbon, a C;-Cg 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 C;-Cs aliphatic alcohols. A preferred C;-Cs aliphatic alcohol is
n-butanol. The solvent may further comprise, in addition to a C¢-C;g aromatic
hydrocarbon and a C;-Cy aliphatic alcohol, methanol or ethanol, which act as an
anti-solvent for the soluble and insoluble poly(arylene ether) resins. The C¢-Cig
aromatic hydrocarbon, the C3-Cg 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 Cs-C,5 aromatic hydrocarbon.

o

[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
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5 WO 03/014191 0 7 FEB 2006 PCT/ US02/ 15726 thereof. O these, ions of
chrom um mnanganese, cobalt, copper, and conbi nations conprising at |east
one of the foregoing ions nmay be preferred, wth copper § pmgg 0ggy” and Cup)
bei ng hi ghl YO8#®&#¥tred. [0020] The conpl ex netal catal yscrmswisee t her
conprise a nitrogen-containing Iigand. The nitrogen-containing |igand may
include, for tho@fipIO€ thesel kopt eNeslomitin) Manghricfin Bebak, dappeffRAY coEbRREHMs Nes,

secondary no naamn ne ohol.s %i nes,

conbi nat i ons@@ﬁ@gf least é’fe ﬁtf %’re%"rg of "faﬁ%é?refa’éﬁdr(’;f@“ °°pﬁf“?”8§ h- cont ai ni ng

| i gands, or tWECH|Hbeing m@zmr]efese‘itabl e al kyl enedi ani ne |i gands ‘i ncl ude -t hose
having the formula (Rb)2N-R-N(Rb)2 wherein R8 is a substituted or
unsubstituted di v[atm)mtrwmwumeWat@ysnnamtﬁfcoh:pﬁﬁa mtﬁJghxp&ﬁtfainﬁlgcar bon at-ons
formthe clog @?”t I,llhnmtpegnwee V\(f ani n e nltro al one, . and each Rb
i s i ndependentty 'COP Ef"g 1?’3’)1 Ine °érgf‘aé18’°alal¥y B S ne

| i gands i ncl l!ld@ds,hoslaalb'nnmaaimeﬁi |sgcoedahylzmnmn(me@:]—|2&hﬁly) nmnoamixies;ret hyl ene *

(- CH2CH2CH2- C i wf 180 or a C4-Cg
al pha-terti a%alfnglm%}/l% ?"015{Q chT%’ﬁgﬁ gﬁg{rsirn ﬁg%glggér}ggltgem%ngg%#gands
include N, N'mt?fl’rge”t°°’3t?ﬁ“§f‘$ B%*ﬁ‘?% é’rfé%l m ne and

N,N N ,N-tetranethyl -1, 3-di am nopropane. [0022] Suitable primry

monoani nes i ncl udeo2tBSweble plkylenedigminke ligdndninelet thosshasing &s forfioke  exanpl e,

n- propyl am ne, i-propylam ne, n-butylam ne, sec-butylamne, t-butylam ne,
n- pentyl am ne, n-hexyl am ne, cycl@haxptmtpe, conbinations conprising at

| east one of the foregoing primary nonoam nes, and the Iike. A highly

preferred priyBey m@@@msa@teh Sr mnéaugtmhmlmm £e991?e311vhe$éﬂx &@@Lﬁmﬁfcondar y
nonoani nes | chl ude econdary nonpam nes having the structure (R ) (Rd)NH,

wherein R a @ AR te Slosribink bptwaenctie ‘Z‘l’ff‘amé’FW‘Pg@‘f‘ﬁﬁfbi with the
proviso that afd eaanﬁ" dindeptridentlyl hydifogern@\®&-G ali@l. aPrefeired elipledetiabinel ve car bon

atoms. ExamphesOfnRAc Ontar Yo TRARAR: NESed Gk Y08, BY QRNLANLDS:

(-CH,CH,CH,-), and each R® is independently hydrogen, isopropyl, or a C4-Cg

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 C3;-C;; 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°)R%)NH, wherein R¢ and RY are each independently a C;-Cyy
alkyl group, with the proviso that R® and R¢ collectively have a total of four to twelve
carbon atoms. Examples 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.




n- pr opyl - n- butyl am ne, di-n-butylam ne, d-t-butylam ne,

n: butyl - n-pentyl am ne, di-n-hexylam ne, and the |iKke, \A%Effftﬂﬂg but yl am ne
being preferred. 6 WO 03/014191 0 7 FEB 2006 PCT/ US02/ 15 4] Suitable
tertiary nmdHO8MIHES i nclude tertiary nonoanmi nes havi ng REESOEBIct ur e
(Re(Rf)(Rg)N, wherein Re and Rf and Rg are each independently a Cl-Cl6

al kyl group, wit H0824kSyitablgitertiary ngnoaRines indlul tegtiac) Rgroaninksdintiny ¢ty have a

Lot al (o {OUkylehre GOBNRSR, GAEPR: 4o ey RAFPLEP L BIS PE VGO nes

include triethylamne,” tri- qﬁ
di et hyl - n- bﬁng&WPﬁ’é‘m the PreYipgthe }B@‘H[(ylr’éﬁf eadlectively bwqylmtﬂof)fsmlyb am ne,

triycycl Ohexyﬂgﬁtlnnﬁ:boﬁ%nﬁsheEkdnﬁﬂas dfﬂeﬁ@'rﬁdn@ﬁmné&yﬁélh& Ligdhj ifihe/-  am nes,
stich as pyri 91 1’032 ha col | I‘S?IFG’ ﬁ‘t‘}ﬁ&? co ine, and the |ikeé, can be
used. Hi ghl V" BPEPEFTEY T e ThRRYIpmint. shraethyi-rweniyjamine butyl ani ne.
Addi tional pgethpariotylascs ndaygoheatanite nid i yikaninagiton coytdreatiiped in U S.
Patent Nos. g6 4. otk JugiSom IR | BubRiical:0025L LI able, g noal cohol s

i nclude C4-Cl2 am noa avi ng rogen om’and an al cohol
oxygen, wher 8igflyagre Fréﬂ&steﬂtambmemms inchyde disesiahmbetylamige. aAddditionahi t r ogen and
the al cohol puigfRecoleaTRhERrtify AAiThdd AR RQABLSI UG PalBt Nos. 3,306,874

N, N- di et hyl et t&%’}%@'ﬁ't gl 4- but anol ami ne, N net hyl -4-but anol am ne,

di et hanol ami fie, TPt et'hafdl ani ne, N phenyl - et hanol am ne, and the |ike, and
conbi nati ons corrprl sing at | east one of the foregoi ng am noal cohols. Highly
preferred ani noal®8Hofutable amirpalcelolse inghifro Cartiin emmpzicaliols Hemipt -t hanol ani ne.

[ 0026] Sui t afilrépen ¥oMesd hmmkaﬁﬁoiyg&swhé;@vhtn&simc&%{m&rﬁs hrbhgeei n R1- R6
are each i nde end ntI hc}/%g r}{g hal ogen ’@gypﬁj . hitrq, amno, Cl-C6
al kyl , " or Cc12"¢8° af Oge An %%? L oFyeehyi f uﬂ’é‘“‘?ﬂ‘?ﬁ‘és meldet hyl oxi ne,
5- hydr oxyoxi N&-dighykthianolainive, 5- aditmexélasine,2- net Nyh@wl-n&mammhmehe li ke, and
coni bi nat i Onﬁetﬁé?nm'hlné' NGedfinolRAR! ﬂr}ﬁen%s Llﬁ]atlﬁarixﬁg eRk NeheO D ESng H GNIY

preferred OXI es_incl ude oxi ne and
mbinations comprising at least one of the oregomg aminoalcohols. Highly

preferred aminoalcohols include triethanolamine and N-phenyl-ethanolamine.

[0026] Suitable oxines include those having the formula

wherein R*-R® are each independently hydrogen, halogen, hydroxyl, nitro, amino,
Ci-Cs alkyl, or C,-Cg 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

s oxines include oxine and 5-methyloxine.



7 WD 03/014191 0 7 FEB 2006 PCT/ US02/ 15726 [0027] The al kyl enedi ani ne

| i gands, prinmary nonoam nes, secondary nonoan nes, am noal cohols, and

oxi nes, when present, may be used.at about 0.01 to abou7 2EB p@fes per 100
nol es of noWBHYe#HI%t phenol . The tertiary nonoani nes nayrcihbesouses at about
0.1 to about 1,500 noles per 100 nol es of nonohydric phenol. Sel ections of
appropri at e concdf@ihTheordkylwntdidnring hiépamis) gmigasy nmyxoMnﬁadeEcdﬂyary hose of

ordi nary ski lnlonézﬂnntegI %m?{oglccy}foish&utoxﬂ&durﬁen%g txﬁ%%% fseiQ aboﬁrbq)ﬁel ect ed

concentrations resénce reacti on corrponents or
products, sudtoub® W?Sd?ef 1Q0rmagles Qfmﬂﬂdeﬂmhe@ét Theytertiarg frfonesminee yiay A sui t abl e

ol ar ratio gf uk@APhRN U'@ttélab&ﬁtl%b(y%les ﬁa@feﬂﬁ%ﬁg (ﬁ‘SmJHBL}%ﬁc Bhenfet @l ) to
phenol is ab about 1:400,-w fh about to about 1:200 being

preferred. g%’z‘é‘f’“fﬁ@"’&%ﬁfﬂa é?(“ché‘ia%?“s @ﬁ?‘é@éﬁ%&mayoﬁ?tmaéﬁax figse of yr t her

i nclude a habrldd;ery skithrin shecit Withoothdrdtd e@erinith@tiondend Rlected Sond@tratdhien enpl oyed,
halideions e eaction m X i.n the formof an
al kali netal ?&t the &ln alolgh(rglre'te%gl? ?‘lomponeptsfr%m#uf{s stuchaasevgr?fféhr?grat i on of
about 0.1 m)iﬂéy F@“ﬁb%ﬂh’“ zéfmem ed pipblel polanpstie 9f ¢émplghenstsl Fatalysbnoner .

[0029] In a meeéuew@eﬂoxeﬂtmbumabhensxhgaw&mo%amtladoo%hﬁdb&ﬁt: :16@NPr i ses

copper ion, nedi am ne |igand, a secondary nonoani ne, and
a tertlary ﬁ?‘ﬁ’g’ X‘F eg%‘?gghl y preferred enbodi nent, the conplex netal

catal yst . corrprl ses copper ion, NN -di-t-butyl ethyl enedl am ne,
di - n-butyl anmi ne, [WAY Tae vewpigr m‘?‘abm@ﬁamﬁh@mm[n@m%ihmclp@cﬁc@éc and reaction

conditions figh shdneasmio)ﬁaer&raﬁfdw& io8id& N VARn chip édl QRidel 1R mhyepPer at ur e,
oxygen flow ra ased on he target

t.e

mol ecul ar weT"gHitd é°a"B° %°H8Wx%f?p%%{%{’? ggf”ﬁL‘ﬂE Pretal sl g1 ‘ﬁ‘balu‘éﬁ BSPW ar yl ene
ether). The lendps@it atta coficentirtiop of shoet(. 2 able taboetyl 5¢ oroles perel®d mplebef det er mi ned
by meking nplegfidbdfoiel ght nmeasurements, running to a predetermned -
reaction tine, controlllng to a speC|f|ed end group concentration, or the
oxygen concentr aEdOQé] i 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 predctermin.ed 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




solution may al so be utilized. [0031] The tenperature to carry out the
pol yneri zation stage is generally about OC to about 95C th| n this
range, it may be preferred to use a tenperature of at But 35C.

Al so wit hi nWOHB814t%nge, it nmay be preferred to use a 8PWNS])3//19164191 07
FEB 2006 PCT/ US02/ 15726 tenperature up to 45C. At tenperatures

subst anti al | ytelhpgiree up hamseeb Qi tenPeftures Lsﬂs@tantfaﬂjrlﬁigh@ﬁlﬁn @Edint 9RCcWidel eading. to
reaction by-pro ure sut%?t anti al | ower. t han about

0C, ice cryst&f" gmr?é’ a ?%P%F‘?aatﬂ’gt‘%ér@?’(?? Eﬁ( Pr8 pets; and hisppergiyes HharEd Y may
optional ly, flawérhiean au@mmc ke ctyedomayr foigin tHecoloionpl ex netal catal yst with an
aquequs solution. Many diverse extractants or chel ating agents may be used

L0 coMpl ex i th ¢ Rssatelokios et Spuda, RilesUmble BNCATE L G T 2Ct T On.

For exanpl e, sulfurlc acid, acetic_ ,aci'd, amoni um sa ate salts
and various TBHECHINHFIAFoSUES oA U‘é‘@b"“’%éﬁ‘rﬁcﬁ@é@ %ﬁ?%law@ are added

to a pol y(ar yhsrte ugithetomplexadhitheatayalafiéritiend bitGe p‘&mneaﬁoma@bn cat al yst
beconmes pois t.her..oxi.dat.i.on ace. .Many different
mat eri al s rrag}i% gg’fa%@gd%&f’ © fiid, dgetC agifhea "é°d'"’1"bsaﬂ%r}’bsf’@§ faﬁ% W Vet i ng agents
that are di schejating agantsignag be prgd. eWheN)ese BatBr34as atdRIdeddo a Baly(amlete aditer)al . Usef ul

chel ati 19 a09Bkfo] ekl ecnBh)ELAEL ARl 16 ng Hohét A8 nthne ORI NG

conpounds, such for exanp pol y yam ne pol ycarboxylic

aci ds, ani norS’BFsy’t“ar“B‘GWcF c Néi’(‘i‘}’ dgferea?ﬁ“ peed g igds preferred to

am nopol ycar tzmpwmosaehaamg agemsruaaadi@ew&sw nlaglsd?atemqw@wsbmgyzbl c acids and
their al kali tal,-al kal i ne

I | he

earth netal ﬂgﬁ?eﬁ étS%em |r{(;:ll gg?gamﬁ &e°" fmﬁlﬁgq Q‘E?Vﬁ&‘%maaéecﬁbg yﬁmc?fnﬂde f or
exanpl e, soducarmxp‘es semyjoyrdst Sch pspfas example; phlyalinilcaepslyawing pobicafhd®lic, citric
aci d, glyci necids bhiinbgiRebaiiiit fli®t ixﬁﬁ&@%b)@h@-ﬁ'dx& &%)ycarbmyhc acids, _
hydroxyet hyl enedi nletr cetic.acid, ﬁ‘sl Jgﬁll enﬁ\gﬁl am n?g nt aacetic acid,
salts of the W“S?aglﬁ’(’)‘?' ifg* eP%{i’“W@"Yéf@é‘ g an lg’ﬁ?fr ng at | east
one of the f ortyoimyged aikvélnaetal-algalmgemsnetaasmkstmcilﬁc kamples pibelatingy pref erred
chel ating aggphs ihdideURE example, sodium potassium tarirate, nitrilotriacetic acid (NTA),

citric acid, glycine, ethylenediaminetetraacetic acid (EDTA),

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



thereof. The resulting copper conplex can be referred to as a copper
carboxyl ate conpl ex. [0033] The conplex netal catalyst cbhpbhéjif di ssol ved
in the wat eWOIRBYE! npy, optionally, be separated from PEBRUSIETRWUDI e
poly(arylene ether) and the soluble poly(arylene ether)/toluene solution.
For exanpl e, l&ntoahongB0% ®OVdkireof the alkamh elag bt BEiploRgChked @y thb®tadded with
stirring to fl t £includi ng.sol ybl e pol r i nsol ubl e.

pol ymer, sol %ﬁ?’g %g{ril%%rlg? ‘gsl so}égzr;rkb?f(elﬁwecraatﬁkéf'@‘s tTjs’e ycgurqseoﬁaﬁq 8%/‘%?%“6?"8 that may be
hel d for abodiavi grapient tesdigseetearganicipbasg gup v frgmatwat 0.03: 1de stant . f r om t he
bottom of the tank. The aqueous solution may conprise a |ower al kanol, for
exanpl e, a m xt ur[@03d] Therataetom mbdim ahdyabahprsd vinngquehd Medvirbi@neahout 4 car-bon

atoms.  Gene abllé. T A wlil o E5RA00%,0 100/ 14101, BETLLSO2/ 15726 1 %

to about 80% by volunme of the al kanol may OR the total
vol ume of t héeRmgpisaion ettheioppar (1 speriosndihe sdldctionoif an Fipwpriat amisolvertti 0 of t he

aqueous | i quy @s&éﬁ?ﬁﬁ;{ %8{:32 )E&aaﬂii&%éfﬁ&,@Bﬂﬁeg&pmga%gecﬁmhavﬁrb\émgr om about

0.01:1 to about, 10: : The reaction medium conpri se an agueous
envi r onment . Prepip¥gteds gihg bplidss erg hishlygiasolblen waten dag(Kop) velbab#tRatG &m with t he

aqueous nedi a4.490-828] ddr1.9650r CITS, CUERCnR ICuR bdspde Ry, (SBRLARGAR fhtelid) - SPECI es.
The sel ection of B ﬁl?eprosm' atfe ant | gl vent is hased partjally on the
solubility c&éﬁﬁe‘gi Ete BPoRYe BpR P ? e I e o thg dproedon,gh fg-

preci pi t at ed CuClieCiiglh’, deb Cefle, hind) hy ythemaoipleking spetiesnaF@imples of éri- ) val ues at
25C are 4. _4'901ve'n§ 'ix%ﬁl,de ﬁ%élg&laga @aif ali G!: and%aﬁc ﬁ%l:?oc%l)ns ﬁe?c‘)?l?se ctively.

Solubility in water is _increase y e presence excess of "halide ions
due to the f8FHRE; Y Bf like Which hayejsdme solybijty fzthe agyegusciplutias' Ongnd by ot her
conpl exi ng spdiadein. thEeanpbud befablentd selecs @h \6pjitbFiatcnGpeidei baventrecul ar

wei ght al i phatd &;,804s g[;gé' ydr ocar bons, ketones, alcohols, and the
| i ke, which have vgrg’negé/ol u t?’%? 'y in the agueous solution. One skilled in

anti -sol vent . i1 GRS Miedo TRt Bbas Aot Yoo F Phact | on
produces a sl mbtheblppdly(frylend ethe), eindhdire) pracesk comuprisen sglamtigethpgblyklar yl ene
ether), and LAiR.DRCRRS r&HIRE HRIRRERBEHEHMTe i) 8l WliPsotuble and

insoluble poly(arylene ether) resins may be formed because the polyxnei'ization

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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poly(arylene ether) resin and the insoluble poly(arylene ether) resin. Both
sol ubl e and insoluble poly(arylene ether) resins may be fornmed because the
pol yneri zation reaction produces poly(arylene ether) r@$iFaB 260vi ng a wi de
di stributi JYO&¥O1#8t ecul ar wei ghts and nonomer conposi tRAAS2EEB6ar at i ng t he
sol ubl e poly(arylene ether) resin and the insoluble poly(arylene ether)
resin nmay be ppesnt,grafeeblblessathyn sethbocighpaies, ofo;blublfefpely(a'rymge athphysi cal

separation i E;Qd Bn i fodd wt:x Q)'thg 9&;}?&{1% r&nzﬁ%‘ic s ]?aga%{m n\‘.g&is m%Rldé) f the

sol ubl e pol y(aryl ene et he I on a more than about
20 of the i A¥of*amPle f?&if’;"@‘&ﬂyﬂe@ﬁ@g&%eP?Skefa%emﬁlgéﬁ%oﬁ@tm ddwation conpri si ng

at | east abou&mﬁﬁbu@fotar} PRuind) RG] &nﬂﬂioﬁ&ﬁé&lg%@ﬁﬁ&mr aatd%rml@uﬁsxed in the
réaction and np,m bout 20 of the sol uble aryl ene ether). It
may be prefef? b e {li%tt {‘Jﬁgm f’?qé’f’s fompzising gt P§ g'é‘he If‘é’%“\gﬁ’éﬁﬂh“gﬁouﬁ 10

wei ght per ceBtesengly epefeartd ysepastiont haethodb o itkclulle, Witr g Rkanfple; C €dlid;liquigr ef er abl y

| ess than ab | p. o] .aryl ene.et her), based
on the tot aP Endl aﬁ?‘l gl};gkfthceeh%ﬁg& onf Ir“};(lilc ?glﬁe’ af“f (ﬁﬁqﬁ’/’ygfn’g c‘)lt’)jgnsmrgez?erred t hat
t he second fiea%mmfﬂwé@mngs@etﬂoéss t han- about 20 wei ght percent,

preferably | ess than about 10 weight I 10 Wt WD 03/014191 07 FEB 2006
PCTf US02/ 15726 pe0a36in,a gi¢ferfedreaBbbdimb Sthe ﬁzmkqm@ylé.ewb@ Reinpeiycent, of

sol ubl e poly 1 her e total second
fraction. Su%atq'aé‘{’ glt"sflglc ara s‘%ﬁatrr]g?sa 83‘%%1?%818’6” Wvﬁ%gé‘??f)t %m’ttggl i d-1i quid
centrifugati Sdg Bﬁskﬂelle prefarablyf aiglenst oaboutr B4 adli/ggasf mmeasnzd jipna 74d6nt i nuous
rotary vacuumlfgm}v&ergm hﬁfhnrec&nEﬂlé}UﬁHx? B Vo fighblRhe! bl 34081 1 ANy Tt!ai%hch

filtration, and the like, and conmbinations conprising at- |east one of the
f oregoi ng mePRERIEe f°P|“§=§%‘HP$ Vi pREINgF (visqosits i rthe FHW°FP§M%‘G@"‘?“H?§‘F ude, - for
exanpl e, sol édivehi gyited is povited tfewgaﬁnlmlamplbas ket pfefdat invéitgahivedounand the i ke,

"o prof or r 1 By SBRloR B Rhersorf GRbei® F oplel, K R APFE rohai 1y

poly(arylene ether) compositions and molecular weights than is the more common
procedure utilizing chloroform alone. Although there is no particular upper limit on
the intrinsic visco;i_ty of the insoluble poly(arylene ether), it 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 polﬂaw]ene 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
1is 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.e., monohydric

phenols) and dimers.
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have an intrinsic viscosity of at |east about 0.2 dug, nore preferably at

| east about 0.3 dlJg, yet nore preferably at |east about 0.4 dlJg, as
measured in a 74:15 -weight/wei ght mixture of chl orof orbd &b 2BhI or obenzene
at 250C. AWeP¥i#18H procedure for nmeasuring an int Ansi BCU/USR@SRGy in the
chl or of onn/ chl or obenzene solvent systemis provided below in Exanmple 2.
I'le present invenipodss ifawvthef pefred cibadimeh, the xﬁsfblubre(pfapmvmdhk ahapanzene

procedure is §Mgﬁs@9tl 1Easf Emtaho\%e %E %Jr%ﬁgﬁref%;abltyﬁe a\rértf)a%gl}/t C3§ WEi tPQl%

conposi tions and nol ec wel 5Fcedur e
utilizing chIW?)Eréf?fﬁ‘i’laPﬂP@ abppti4R Gieéght porenteyet morn@re&aablmatlchapbqup@er linit on

the intrinsi Gwei@hﬁ&fb%ﬂxt}éfﬁ&ﬁiﬂ%tﬂyﬂﬁ Aoy B @eY b:E, %&aﬁn fle iR i hweight 1S
typically Ies? tha /'y, nore typically less than about 1.0 -

di Jg. [0037) “ eé{’” %‘R?’é’&““e‘ﬁl{? di ment, the sol ubl e poly(aryl ene et her)
resin may have an |ntr| nsic viscosity Iess t han "about 0.6 dUg, nore
preferably | ess t[AG39] o yreser@Aindéndays haest swrprisingfyr édved atbity theegdublehan about’

0.3 dlJg as eﬁgethé]‘) Rsid ﬁ’nd]tﬁe Jn%@wm}%%&% éEIHFn y %veﬁmef%fxp form and

chl or obenzené at "250C. ‘Al t hou e’1S no imt on the
intrinsic vi SOBYPY yCoRPOLiRRSs-s oF efb P mpls: 4 é’i“’yF)@H’eﬁ%tOﬁéWO)Y(afﬂ%ne ethed) t ypical |y

at )east abouapo@nﬁﬁ frbkrd B6-dfimutiiphyrol el 4 ysﬁimeh@@ﬁénoﬁhﬁuﬁowﬁ&cusﬂ bfg as
oo ThesErtard AR e R s P e e G. {ncl ude.
pol ymeri zat i &n lespithanl g molendction nf) 2316-timethyl-114tphergleph ety enite iettheer units;

conver sel y ndaauﬁplwﬁyle&olemégrﬁkﬁne ﬁk&}ee)ﬁeémél bﬁ.oién%%aﬁkom to_exci ude
nononer s 623,ém henﬁi‘ﬁSt and diners. WO 03/014191 0 7 FEB

2066 PCT/ Us HaE B et éﬁf“‘eﬁb%‘&l(?@ma” #ffe i nsol ubl e
pol y(aryl en6cemhﬁﬂ)batimgtabm0£ﬂ).rl se at | east about 20 wei ght percent,
preferably at |east about 30 weight percent, nore preferably at | east

about 40 wei ght q@mpme ﬁb@éss mr %ﬁfneseabéc clih o RGdn BD@L soRfdie Wei ght
per cent, .of hen ne ether units, based on t he total

|
wei ght of t Hquﬂpﬂgm ffg‘%i %’8% ("Er TCéOﬁe ¢ FrSycjing step is particularly usefu

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 efﬁcfently 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



[ 0039] The present inventors have surprisingly found that the sol uble,.
poly(aryl ene ether) resin and the insol uble poly(aryl enef2Fpgnpjisresi n may
have different nononer conpositions. For exanple, in the synthesis of

pol y(aryl en¥O&Ha¥Y  copol ymers from 2, 6=di net hyl phenol PEFES02/15726
2,3,6-trinethyl phenol, the nole fraction of 2,3,6-trinethyl -1, 4- phenyl ene
ether units imsoitke pobfanéns ethot) ynfagdiffee substarttiakly from esh pthemyFor bﬁmblass t han the

mol e fracti onj;ohe Zyndheis tor 'Wwém %tér)pﬁbg%gp i Qg-rdu#&ﬂy r{)%eno

i nsol ubl e pol %ary ene ether) resin er ences i ract i on of
2,3, 6-tri met hybetrimethyiphensl, él??én@%rﬁetro ofi 33t6strimpetlylphencl to Z,Qésnetbabwpl 0. 05 and
are f:ommnl Yin a}:e rh@aﬁz&r ﬁmﬁiy 103 gleatei @:%4(!] l(eQQﬂ%loQ{ %tér%’tﬁ&nl tfrd msltgxrm[ Ihses
recycling a PQLL y(aryl ene er) resin_to the
reactor. The f cg/’o? & g ‘{t&@'b?aﬁ EP‘?@EW&’NS %éémhylrb‘*-weﬁﬂwea@e t he

ef ficiency ofuithi tpcrmamme Idy(ayisee diegpwhich mgmhh.eysyegub:gxe(e@pwéagf yl engI
ether) resin f roduces undesirably

hi gh | evels o%‘wm@og%a%’zgﬁ# ?{%éﬁgla?pan O{j?%olmnze%ﬁijlfgﬁle nelf?fe%enf‘"é%f % particles
havi ng a par t3&fimedylled-phendenelsher unithio the seigblapdy(ometestis}). So, the sol ubl e

poly(arylene ether) resin is efficiently used by recycling it to the
reactor for furthi043)d yampreferad i enbolimand) g bd]yrhérﬁatibheféhdﬁbﬁ ahik@re i n the

eactor. (00 BRIELIAG, 3 BN A Bk WL RN RG0S ot ) T

conprise, for exa réturnin ea
preferably ateﬂﬁe@éss‘f“‘&‘bﬁﬁfm% the\gampj mpsalcatelpt (aCMQtpmﬂledsabscyb@t | east

about 80 wei g:blbwpeﬁcc&ﬁsrate&%o RSt PAcBECEANiYing #e dofemtand BRUORBR Wei ght
percent, of th]e ub+ % ygar *rﬁne ether) to the reactaor. For exanple,
all or a part®d ?"“’f?ﬁ%e 71?%[ s cé’B% °’U@§¥,’Pf‘ ¢ inpalible Roly(arylene fBERr ned to t he
react or. [ 0042¢% fitshfragtien ie temrtcyvied tq the feectarD ThREH ﬂﬁﬁfﬂw&nkmgacyaingtahe monomner
feed (1. bik6n P bl aryl ene

et her), and tpg " mQQMQIIéEEOlg(%gQQA éthe&%%’lﬁ%%%%égﬁy %/ pfghfg }/h(r?sol ubl e

pol y(aryl ene Y?’n‘e?") TP Fimy be prsterredhioirasyeigatiqagisbas @h weight @ercentor  exanyl e,
i n the synt he®repratralgphtyaarapbeise welghtgerert, Gphotepreferably@eat fosti73et hyl phenol

and 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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2,3,6-trinmethyl phenol, the nolar ratio of 2,3,6-trinethy|pheno| to

2, 6-di met hyl phenol in the nononer feed nay be greater E & | east
about 0. 05‘g§§3ter than the nolar ratio of 2,3,6-trine %?Fﬁﬂ - phenyl ene
ether units Y38t di net hyl - 1, 4=phenyl ene ether units PEIESEIS7¥sol ubl e
poly(arylene ether), which in turn may be greater (e.g., at least about
0.05 greater) than the nol ar ratiQ’of 2, R'6- trimethyl-1,4-phenyl ene ether
units to 2,6-dinethyl-1,4-phenyleNe etlfer units in the sol uble
poly(aryl ene ether). [0043] In a prf ed enbodi nent, the pol ynerization
reaction mxture conprising % sol 3 bl e poly(aryl ene ether), and
an i nsol ubl e poly(aryl ene er) o.renove the conplex neta
catal yst (according to nethods des\ bel ow) and separated into a first
fraction conprising the sol vent ang t he\sol ubl e pol y(aryl éne ether) and a
second fraction conprising the |n§blubIeQbon(arerne ether). The first,
fraction is then recycled to the reactor Thus, in this enbodi nent,
recycling a [ en' e et srn conpri ses
recycling a Wgérpttrurs S%Ho(?f ln&p&%}? st%]eftgé){ré reﬁrr?t'%r‘;"“sts{’]‘"gné@ﬂ #&“breferred to
recycle at | E’a@tpr%ﬂi%?f soeondasy gliyl, phenydebitCr halvalid, Gr&f eviatdllyl, £-Gheast about

50 wei ght pelkyapgirbony, aﬁH)C?CPBﬁ&@Ex%QJr%n@ﬁy \l/}%?eﬂ atal@agyltwo7érbo¥\@togtlsﬁ't percent,
of the solvent to.t erein the weig per cent ages are based on

the total solWBHE "8 'ﬁ%’r @aé Prrgfmtorawwr 515 ’B?FPF’é’S’?}{Y sslected Biom4] The
process is sthé graty @nfiging ofkydagen, halogedx@PQ] eimasy daaécaﬁua@r@m%enyn sem' -bat ch

process, a C@D(th' IQH)QH?I @r-@C Pg ﬁeﬁlweand ('é]‘fc h?if 8ycfr)o gnabgcl ﬁr}lgre{rjlf

foregorng process rerérre K& process for
produci ng a gt '3‘}’(’&?’?‘{’%“5 SEpamate eé@iwnwb%yg@@wprs: sepagating thiedaltbleel y coupl i ng
a first mongheyinlee ?hﬂf)&bp(ﬂﬁ&rand aeqmﬂm@%%wnh @m&'?%&lfthyrde!tﬂ afid geaCt or |
usi ng an ox cont ai ni sence sol vent and a conpl ex
met aIg cat al zg?&t ﬂﬁe s%@% °€81Y§“§%’F§z‘§%r} Sﬂp%lﬁ’@e’é? WEFSECIOL opol yrer an:jrp an

i nsol ubl e poly(a ene ether) copol ynmer, wherein the first nonohydric
phenol and the s@ﬁ‘tﬁl &n 7o Aty aPreferresh embediragns, B f fretessn forf preducimach ot her  and
each has t hepolyGarylank &thds3 chifolybkdr, kbdpfsks:Obkidatively 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

[ _#.— (0296 x 1V +1.27x 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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07 FEB 2006 PCT/ US02/ 15726 wherein each QL is independently selected from
the group consisting of halogen, CJ-C7 primary or secondary al kyl, phenyl,
Cl- C7 hal oal kyl , Cl1-C7 aminoal kyl, C-C7 hydrocarbonoxy,] FEBQ(§E2- C7
hal ohydr ocaVBd#B¥PIwherei n at | east two carbon atons segupsiesmhe hal ogen
and oxygen atons; and each 2 is independently selected from the group
G &7 hal ol Kyl G 0T bt oo b e o s ot oy oaar bonoxy. wher ¢

- al oa 5 - : car X an - alo r ocar bonoxy erein
at |east t\/\okégcg’r Bt 6’?vrﬂﬁée 'é“lr)@{}g ’%/ fhe °H’5F‘B@€ﬁ’3éﬂa‘“ﬁ§’§‘ééﬁhﬁky’(ﬁ%;
separ ati ng t hethes ohitsbh the sgatile/foly(arilareties) bego)ynien pLirassanin welght U)Bastd1sol ubl e
poly(aryl ene et ' recycli a porti .0f. the.sol uble
pol y(aryl ene (glt ﬁgﬁgmgg& wﬁrr@% ’S?]gbqgﬂoe]yéggg 8‘8‘%{) foﬁ@ﬁngr' ﬁﬂal ta‘ﬂ‘i”éﬁﬁ/ preferred
embodi ment , tEEPHHWEcETeduses a3y aekgipitetipn ol thro$ohbler polyéangdenet etier))dudgugpol yner ,
canprises: 0oxedlafiigy eho GOMR! dniBditeft; He BARYRAEDOhe sARFe poly(arylene
2,3,6-trinmethyl phenol in a reactor using an oxygen-cont arn?'% gas in the
presence of SheDdP hereycsdponion Baybeatvenby 4 accerdia ipdke pressionduce a sol ubl e
poly(aryl ene ether) copolyner and an insol uble poly(aryl ene ether)
copol yner; sepagat ongyy he1. 30 mbLess HPV 4B L]NGos8irre(0.096PRlpyer and the
i nsol ubl e poly(aryl ene ether) copolynmer, "and recycling a portion of the

sol ubl e poly(arylene ether) copolymer to the reactor. In this enbodinent,
recycling a puets én iorxrreseedsiyl Veiehs psesent( 4 \i§ digesobiblsepojy(ardgneogheonal | y

conprise mai 19 : : . . ne. et her {,,a te ature T
accordi ng to%ﬁdﬁgﬁegg%%%gcs?%ﬁk@ lﬁ-a?g‘!.' %@%Mﬁ&&%&ﬁﬁ%o % lof?f%ml'n’g"%rl 97(1-
0. 00795 x |V chlopbemas st T3HC) (axpressed oin imd./$)h TR | isbweightolpyrcent ybfene et her)

concentrati om,3,gurinRiyENLphelNBlcRHREshits b thEIBRpoRBIFER ke YopbBmbe | Ntrinsic
w003 1y of Che S e Do LR, W e ot 50 STALELD 7 FEB 2005

(expressed in °C). The expressions above for the Tand @, are based on experiments

to determine the solubility of poly(arylene ether) copolymers in toluene as a function
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 cther) 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
15




copol ymer in a 74:15 wei ght/vve| ght m xture of chloroform and chi or obenzene
at 25C, expressed inm,/g; and TW is the content of

2,3,6-trinethyl -I phenyl ene ether units in the sol ubl &76(55)2@U§ryl ene

et her) copolV@¥P1419%yxpressed in weight % based on the PEFESRANERGht of the
sol ubl e poly(aryl ene ether) copolyner. Maintaining this tenperature, T,
reduces any pp@ypplenatethen redin;t 4 eolisidiquidl eppaby @My @peatiighdé solghlé | Ng

recycling. Al 5q @gle?@%tﬁer ﬂ;gigdalnmtm%?tl por’%%@a'ﬁe’;[er"gﬁlé%g?‘gf éheolsﬁl ubl e

pol y(aryl ene cle accordi ng
to the expresB? z{ﬁryl@ne ether) reryding |11‘3°r9(( for RGyFlingR portioB 61 t7g soluble Ippwyyk(li-

(0.0080) I V- ( &n&P4S frddVile s¥iiRlRidGepakator ORE Rased 1 N wei ght percent, [V is
t he sol ubl e poly(aryl ene ether copolymer intrinsic viscosity in a 74:15

ht / ht i h b t 25 d
\An’teJ'g)g TV\NIBDI ?S wei Sﬁéﬂhgj Qlfll a?xmhg glfbgﬁlgkrg,qriuwgteci Or sixg f{%ﬁ‘ﬁgﬁ%‘aﬂ'&’g )I‘(IEII: eﬁ?\?t SI n
in the solubl® ’%P%}!((W@’Feeqﬁl@f)é’ﬂ%eﬂ} mgnereact‘(reﬂﬁ for@sBlativelymonpting ht v

percent), andarhoidhydrid @hén@ﬂ%ﬁfg%ﬁ Uf)%em:ontahﬁlgrggﬁx%e%ﬁﬁé bf Plivedt@yPr €ssed in

O . The expressmras above for the T and 0O, are based on experinents to
det ermi ne t he® SSTRIBT ML caayshde Prodrsn & jeiulle IR@’WW@G?)GP’?%F%" A &bl uene as a
function of indvbible poiyoylere ebmpesing b @atalydt édoveds tak VD F6:0Spirting Rl

Sertal No- ooPRERE mefX BEERU AL SUIERTINER ot SR Ping SO BNt i 5 an
apparat us forPo %ﬂ%lWf)aeﬁ@ﬂiIayi(r&rsylléh@l@me‘myr 80 foo mqpriating e saiwidens f or
oxi dati vel y qfamlrym @he?})%fﬂymdl fhe PlgNBle bkﬁy(s}gle&nem&w%ﬁ CQiiiy Ni ng gas in

t he presence o | ex petal .catalyst td produce a

sol ubl e pol y( é{ry)(ﬂ‘%?{‘é °§f’ﬂ€?¥°§l??e@'l°r?8g$f cyf{ing ﬁgm‘mf@eﬁﬂr’?}e BolyfprleRe ot her )
resin; nean@ﬂfedlresye@m theifmg) sbIWehqmllaqjmlraeorpmmys@abtyfaﬁéshﬁtyhﬁﬂc)looesl n and the
i nsol ubl.e Bt e TR0 Yol GBI 0B 4P S| Qe RS, Loy PO L1 N f

t he sol ubl e po %‘é | ene ether) resin e reac ot her
enbodi ment , i *PYGUEIdseRARRter ! 10 Her sepasaime ﬁeé’éﬁf’bﬂ"&g?'éﬁﬁ%fpe RheD) regin flom g
pol y(aryl ene tmm“)ﬂvpit,aanﬂ aldiyer ARONori dsyinpOthe a;sblaﬂsbay(aﬁﬁné etherPiesidat i vel 'y

coupling a i g contalnln n the
presence of g‘ﬁ E‘g{ﬁ%@meﬁe thsggiam% 'P%xgﬂeﬁ ‘)ﬁ?" er co"s”t’“sf 0 '%Or“oxa il a sol ubl e
pol y(aryl ene lig¢ ?\‘eW)deﬁl‘@émﬁnQilﬁ@caﬁeﬂoh@thC@r 49,5 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 units derived from
2,6-dimethylphenol. In a reactor were combined cuprous oxide (Cuy0; 0.014 kg,
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WO 03/014191 0 7 FEB 2006 PCT/ US02/ 15726 poly(aryl ene ether) resin; a
solid-1iquid separator 80 for separating the soluble poly(arylene ether)
resin and the insol uble poly(arylene ether) resin; and &7d&bdtle

pol y(aryl en¥O8¥#41%} recycling line 90 for recycling a pRETUSeNISHH t he

sol ubl e poly(arylene ether) resin fromthe solid-liquid separator to the
reactor. [ 0040htaisdifrdm Amstidse Chemd adipompitt qoppdrj dissolved mchydfbionR #idpl i fi ed

di agram of Fl @22 %%aé @%aquuygcﬁlft%h%'ﬁs ﬁ% %ﬂbts 9“”8 ! S' 0 2

reactor 40 for oxidativel %; noh
oxygen=cont ai H%st) NyNedirtpu H@Y’ﬁ?eé%méo@ﬁ?%m%rﬂﬁm Nca4Q§®fﬁp46ex net al

catalyst to pﬁlﬁdﬁbﬁ@roﬁa Gddntie), Gl-lpmtwdﬁrﬁhé/toe[jgkgt]ﬁ}?ﬁ)cp[sefééén]#@ﬁqllgjlz |?so| uijlhe
Qr_separati ng e

I I t
Dt o et =) SR o oSS Sy (o SN R o 3 B, o o | e
i Rsol ubl e po?z](ﬁérsybléﬂeedétmglanms iangtraglkflarisénieo tlilatidk ingtfabeht $@gsar at or 80 for
Separat] ng |G Akl oo, BoSA) A bl IClhis £ AR ARGl RO ©

poly(aryl ene ether) resin; a so cycling line 90
for recycli nd1d 758t #dgalugre spiyent é’d‘l“ﬁ%lké) p@W(ﬂ@ngpluenef the pblgmyrizatis n f romthe

first solid- |xie£wbrd sm@ﬂatqr&dsrﬁuﬁmeﬁoea@b% kd Was! 44y, t asls 19

di sperse thedi glg) Jr ﬁgrgil e.ether) resin in an anti-so vent; a
second sol i A=Yy 8%‘8 “'?‘@rm%B?JHP%{tZPWg thh gitogea dlopbmte

pol y(aryl ene wash@r3 litegminut, rmenoxygee oo irats Glay X715 madmamdr yﬂ the20 for

ol Znt 10y, ot sE R BRI B S ndR PRl E 20 1o

pl ant 10 may, optiona er conpris
del i ver rronof&?ﬁ’i‘qeﬂzaﬁﬁerf’e?tmthoa trephessamixtre 40lid phasatrd jigtd pasd) B8 servi ng as

a reservoir ré@ber&hﬁorﬂ W&r mehig ws.plaad M%&ur& Q/apgen@ﬁ%%jaﬁdq}lé Bgigr eact or 40,
adilutiont 50 to e ene ether) resin

r at yl
with any dip engd’vﬁls hone < é“ég 0?815 daca‘g‘ﬁef‘é‘ﬁl‘rg&’]yaﬁéﬁtﬁaft}?ﬂlﬁ’ 89 serving as
a reservoir fsapemaiaet (émmfhghai@ems mumtjwnlnmetmtoahntt;@mpﬁtex pecRipidty e I ecovery.

[0050) The | BYGHE b6l 8 hilEdpfhe l'i‘ﬂésf}a[c@t;netﬁ sBibik Ul Riet QY 1%9« pfign-timeing

exanpl es. 0051 I's exanple 11lTustrat di s and
s Olrrgt i on of V\g/g) Iggtlhgl El%}reilcfog ymer produced. rIHue mixture of supernatant (hquxd P ase) 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 dV/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 b.y 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 di/g and the
2,3,6-trimethylphenol content was 49.4% by weight.
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et her) copol yner having 50 wei ght percent of repeating units derived from
2,3,6-trimethyl phenol and 50 wei ght percent of units derived from

2, 6-di met hyl phenol. In a reactor were conbi ned cuprous aX¥i g (@u20C, 0.014
kg, 16 0 MEE®PODE6 WO 03/ 014191 PCT/ US02/ 15726 obt ai ME@SPY¥BR6Aner i can
Chenet as purple copper) dissolved in hydrobromc acid (0.222 kg as 48%
aqueous sol uti on, [0C3%3 FRey . thd\lmasslMSﬁ:e,lﬁ}:eGmtrﬁ;brea@meﬂtyf 610 FBe Gh&sdible Lakes)

NN -di -t - but Kk 4062 60

obt ai ned froﬁaﬁﬁg%&b%n&k%‘tﬁg%%gl)e%%)g d%sz ggg\"mm(é& .
111-92-2, owaFﬂeﬁhfwmmom@@)eewwmwdmﬂa&%ne (1. 449 kg, DIVBA,
CAS Reg. No. 927-62-8, obtained from Cel anese), a tetr.aal kyl ammoni um

chl ori de surflﬁi;AtMHtEI(O.034 kg, CAS Reg. No. 5137-55-3, obtained from
Cognis as Aliquat), 2,6-dinethylphenol (1.77. kg) and tol uene sol vent

(144.93 kg). Over[ob1g TR WksfbIOFestdbes B plo¥dlietel Eothi ferminS@dal df irinsRddi ti onal,
2, 6-di et hyI phenoﬁ o éﬁp as A 90 aeo§1latil fngﬁ%dg tl’ls?T:Et hyl phenol

(11. 8 kg). ﬁ@?ymwe\@aﬁ?@ﬂnﬂ% that hare %Owg%lﬁblktwwfﬂqf’feﬂn flas 61.3

liters/m nut es°a h&‘o@(Mﬂz&Il’lglﬁdSO)MIrzﬁ'fa&iemoaﬂodbg grinises; eﬂylén% etieyd the
tenperature i ner ease%nlgrogdual I ﬁchhggt{ m 29. 4 55.0C. After the conpletion

of the polyeri"Zat it A8 S Hh é“‘ﬁti"i?fﬁ.heé‘e‘(%‘b‘”"ﬁe’dﬁﬁ‘se and
| i qui d phase)o std@st abet 68°€r to dorinranileat kdutioR.aTH erotherVidlSs 408t PHIESLankE Xt Ur € was

centrifuged a SOI oyered in the faorm a solid cake.
A negligibly's Pghl?r © g’dﬁg%??é??l\éﬁugﬁppé‘r ;{@fl’aﬁfrmﬁ GagAng ?f%tfg’@)‘ Bnas m xed

wi t h met hanoladdgdtte ﬂmmémleneoemmwpmnatm toheion. s Ohig kidéitigo sHobldrbeof t he

copol ymer. Tl}l@rfJnB%ﬁ'a%}né)ﬁooﬁ %tﬂ@e%asﬁgpﬁl)v%gggssz‘é@%eclééﬁ‘e? e}l%iﬁe} ©f the

entire copol O\l,% duced he_m xture of Supernatant phase) and
met hanol in 1! ’f"ﬁﬂ’t” ‘?}éff)(ca W?zﬁfé’nﬂ"i“f’%&eﬁeﬁﬁd"@h‘ée §6‘F%P‘én‘p‘lfrt| on of the
copol yrer \/\/&lﬂonoboo,vmable thiorbfiosn ey rbbﬂ)fvxgaross)jvl d Kpis Placddien thBtvidlNSi C

viscosity of 4 Exssﬂéd"&afenlﬁ@ﬁ[yt 1% liﬁfs E nédt rc]% eagr{asvs\{]af-?sﬂ rq tencd be 0.15 dug

in a 74:15 wei ght/ wel orof orm obernizene (25C) and
the 2,3,6-tr P$?B’t hW;fh'ewer aé’swedamwwess roopptegpsryre \(apprphimately $ah)zed by

pr Ft onI nucl easd tnagmmyqs ﬂ@&ﬂﬁé@@ﬁzg(ﬁ%bhde%ﬂﬁ%i AP, cohjRringialer average
ol ecul ar V"ebﬂm e cbns:sgng op ri% 80 ré?a%% &l’l chSorobenzene 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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and the wei ght average nol ecul ar wei ght was 10,600 atom ¢ nmass units as
determ ned by gel perneation chronmatography (GPC) usi nqlrfoﬁéglf@glrene
standards. [0052] The combined |iquid and solid phases f reaction
wer e m xed WRI¥M4Hadt hanol anti-solvent in 1:2 wei ght rakGTUsanes2she ni Xt ure
was centrifuged. The entire copol yner (conbined insoluble and sol uble

pol y(aryl ene bdlatig Cdpelsmé’ls\)éa;\gﬁﬁmed w@\gﬁ&dﬁdcmﬁfugah&l émﬁmesa‘to&ﬁﬁehlﬁ cake. The
intrinsic vis n 1 trlmet eno cont ent
was 49. 4% by %Sgé’ obie i B’é?‘g’ ‘%5%”6"1’?’&@'&95‘%“26’3}3’“’ RSEPP Bgé‘?f‘?fs%es [ 0053]
Fromthe mas sefEa‘?n&ﬁE esentiifyge, i thenr precipitting Seowily(arylenefetifel)eresin fmel dat e

pol y(aryl ene by porideks bﬁ%brﬁ&hxﬂ% ed whif @ﬁhagoﬁﬁsfogﬁ'gi : pl élfalehﬁxat was

236tr|mathg g&i{) cont t he-i nsol ub ene ether) was
calculated to 31%’%“ Lsmounioefsiefublpripd “é%%ﬂi)l’@)’(eré@eﬁr ¢tk a
procedure f orresxiEWdet@feBSemasta Mgmbertdhtagéc ﬁ&h&otaMh&xGﬂ& ind odir ikgthyd ar yl ene

et her) copol yners hg{y,g ve | ow s in chloroformat 25C. To a
Al ded'ets. ’2‘6666 Faﬁ'sadﬁ 15 grejebEy i gt raix e af )

smal | glass via
copol yner andchldiof’&@ apd @hierobénzekl wn@bagmea@amnlihm mxi?ﬁétlfyﬁl @h&?@ﬁ@d on a

e et (Rl 3R 8l e 20 L0l BT A GBS Yot a1

extreme cauti®f PrQS‘H‘f‘(PF%’F'@FW? S‘lm%@éijlnthbbfie Thelrssglesr shbwe ket both the

et hﬁr )/ tcﬂl or qmaﬁﬁﬂ&osgdaua u,emsmnahymdﬂ gﬂemnéggalcgltéa?of&%ﬁéo%mfed 'tg a fure
ood wi e _sash as cause the tenperature o e

pol y(aryl ene e’()%\éme)rfrgﬁf%'r; %@r{g"éﬁ%’l E%ﬁ%’? 6ﬂpqu§‘°breat er thah the boiling

point of chloroform and the chloroformmy boil vigorously. Alidis

pl aced on thé'émed!, which is then shaken gently. he lid is logsened to
r oom t enper afNERIES &:é%nate! y—4/zhour) and the viscokity i4 deternined
usi ng Ubbel opdet y—viseoreter—cdaparidt told4 bl ah¥ saml e
g B A 7 P -
consi sting o Ppeng Dee  at oo L9007 h 4_1485%, 0Qs ¢hl orof orm
g y‘m\anD erc.‘JNt%i.,lll O UU\,III_43 \, T 5 s 03' o
The sanpl e sty mppiRaAL ©f car wher—the—visepsity—hs—det .
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 (wt%) .
TV 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 (T,) 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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EXAMPLES 3-6 [0055] Follow ng the general procedure of Exanple 1, five

synt heses of DIVP TMP copol ynmer were conducted. The synt@p§g§ M@rl ed. in

t he nononer char (i.e., the weight percent of total nononer Tn the total
reaction mi¥YPg¥ 191copper to phenol weight ratio, wei ghCT/psieses of TMP
relative to the total of DVP and TMP. At the end of each reaction, the

i nsol ubl e polpyssentsd iaJable 2h Ghysewersitssfopir deraehstoye tharemen i'nftha}aatsénaemf and the

sol ubl e pol Y(SQJGVIL, %Eﬁlﬁ{ep%))ch}{?%m%s%ﬁb@cg}?o 8%1 ¥¥Iet‘uti'chna3 e'l five gt al

copol ymer was, obt ai ned resentatl ve sanpl e of
the Feactor % PPRPERE eﬁ] ri’EF ﬂ&l‘ﬁiﬁ’“@lﬁtqﬁpwqabﬂ deplsied in ﬁ&@’l Teletive tpdiey (aryl ene

et her) resi nsjonumérdfeednet hanol and separation of the resulting precipitate
using the centrifuge. The 18 WD 03/014191 0 7 FED 2006 PCT/ US02/ 15726

i nsol ubl e copglyper was obtained by a direct 'centri fugation of t he reactor
ef fl uent. he sotubte C()p()i YTTET WS obt al Ilcu th’ﬁle Sepat att g tHey sol ubl e
portion of the reactor —efftuent 4 f aty ng t he

pol y(aryl ene| ether) resin fromi ‘ DL Nihg it with
nmet hanol to [19ToMotal BégRHmel (alles | DA a3t e )Y: ; fuge.
Amount s of  sAVWptgolatélcdpBIsMELD e pol (_aryl eme eth 051 TES[ITS WEf e expressed
as a wei ght |gergent age of t he total noner | and thelr infrinsi
Vi scosi ti es [(IVNFjolutty @poigagur efd--at 29CTn ajZ4. I5 mgiont7 el gnt| m xt ure of
chl or of or m gnidi/ghl or obenzene. [The weijght fracti on jof . i
2, 3, 6-tri met|spluble capobivenasl ene |ether |units 1r each adpol yher was det er mi ned
by proton NN efcRé%GP ol monedier | ons  gnd progluct priopertiep are sunmari zed
in Table 1. ¥ results show that bhotlh the |intrinsic viscosityl and the
2.3, 6-tri mgt,@(ﬂ) 4-phenyl ene p#¥eér ddAt-2nt {of t hel -t nsol upt38-8 copol yner are
greater thar W}f’%’é"ﬁ?“b@%e sol upte cogdot ymer |~ Tablle-1 Ex.[3¥x. 4Ex. 5Ex. 6

Reaction Cor%ﬁifé%ﬁ%mmwﬂ 41414
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 (Cu0; 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 di/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 (104 kg). During the
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-[ phenol ] /[ Cu] (w w)900900450300 %MP i n nononer (w % 4547.55050 Product
Properties sol ubl e copol yner as percentage of 8.715.917. M(ﬁEﬁ Bt al nmonomer
sol ubl e copol yner concentration in. 2.842.58.2.881.68 solution (W% N of

t ot al copolvpré?"“('ﬁll ) 0. 320. 320. 320. 43 N of sol ubl e copoP§HB§02/15726

(dUg) 0.110.110. 140. 16 N of insol uble copol ymer (dL/g)0330.370.390.54
EXAVPLE 7 [ 0@8&Pesation theqiroeenay s s di itbraiminuis thewuygph 80% ratgispi | ot pl ant

run was condugs ﬁférs/nﬁme,&métieﬂfgréft@é isriHé?eaEéafngdQéif(ﬁ*a@%.%vc ﬁ%@l.o‘é‘.e intrinsic
viscosity and . th glass transition tenperature (T.) of the total copolyner
were determ d ’g‘f C‘EWPéc“@P\ﬂ“B?P"bi"@&éat"%Fﬁac‘ﬁ’ﬂiaéPVO*BPa}SQm_}xt‘HﬁGO]m_flﬂﬁpur s of

equi | i brat i band Bquh ;l'g}faiegers r&:{o%’ﬂéd fﬂwihagaact‘&herms{tbvea)ﬁdsgﬁﬁ)ﬁryis%aila%eh'heS of the
sol ubl e and insol e .copolyners werge,.characterized after . _hours

equil i brati o'h’?‘“%%"%aé‘él“‘? ﬁgn eg*ﬂ? ﬂﬁesf’ﬁ‘éﬁgaé"gé”fﬂ”vered in the form of a solid

2.3, 6-tri met kgke- 1The- ¢ffient (lignid pbtsel comtainst the isolubll @ottins of wHel @pgymAguct . Resul ts

are 19 0 7 F 0 . [15.726 .pr.esented in Table 2. These
results furt %&gg%oﬁgoggéeé%ﬁ at ngl\clgelyﬁ&{?ﬁgf#gmgﬁrslg?lb@gﬁg(’ebysw(ﬂgﬂtoqqe copol yrer

recycling, t M cpHssProbImET ioiskd; e afueais ireshrded to theTaotor eddethé soidt 0t he
nmononer  f eedcakaildried @fidrvasingith HARAbYANBolvént. FER!iRHASE VilostyRr 1! ative to
the monomer sgh?b?tg pon-xl:a%bclf %ezco;;oi]yrnr}aer is about 0.15 dl/g in a 74:15 weight/weight mixture

of chloroform and chiorobenzene (25°C) and the 2,3,6-trymethylphenol content is

about 39% by weight. The 2,3,6-trimethyphenol content of the insoluble portion of

the copolymer (dried powder) is about 50%, and the intrinsic 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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end of 5 hours24 hours120 hoursafter reactiona uil.equil.a uil.drying IV of
total copol yner (dU0.460.51-0.470.480.46 1V of insoluble copolyner0.51 (dlJ
| V of sol uble copolynmer0.17 dL/ sol ubl e copol yner as--11. P@;ﬁﬁﬁ;t age of
total nononer_ (0/0) Tit C232.3231.2-230.8 % TMP i n sol ubfe 35" "Copol yner

(% % TNWROI03/014®e! ubl e T-52 copol ymer EXAMPLE 9 [ 0057) Thcaeseensis
Illustrates the synthesis and isolation of a poly(arylene ether) copolyner
havi ng éQAm%ght percent of repeating units derived from

2, 3,6-trinethyl phenol and 50 wei ght percent of units derived from

2, 6-di net hyl phenol in a reactor with recycling of sol uble copol yner
product. In a reactor are conbined cuprous oxide (Cu2G 0.014 kg)

di ssol ved i r}- hydropiosessdomproguqing 2 polykayylgae aBer), cogusising: sol ut i on) |

o, DB . MO REIAE SR nbdhy R, PRl o Zec i Mot RS Lo
chl ori different faerhaind fifs0 n{daéhjdiic phenbl @i ARhétyt GHENNM okyiaeB-doBlaining Asuianke

sol vent (29 kgﬂ)pé; and a recycle stream (116 kg recycled toluene and 2.83 kg
of  solPiBERCCHR PN apdtancampley metal satalxst sepriduce asolublsuroly(anieng fharh a

74: 15 ' ' ] . X benz 3 TP
7451545 9 el sl 0L GLS R WSROI GOS L35, o
addi t i dalC;2 afonditicetyldydqabisongland (heGeik @he sclulbld gotl(aBlaBEtdr)'fimolar ratio of
2,3,6-tri melt hg/l&henoj (,1Q. 4 lf,g). Duri ng the 20 )
phenylene ether umts derived from the first monohydric phenol to phenylene ether units
derived from the second monohydric phenol differs by at least about 0.05 from the insoluble
poly(arylene ether)'s molar ratio of phenylene ether units derived from the first monohydric
phenol to phenylene ether units derived from the second monohydric phenol;
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.

2. The process of claim 1, wherein the first monohydric phenol and the second

monohydric phenol each independently have the formula

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

consisting of hydrogen, halogen, C; —C7 primary or secondary alkyl, phenyl, C; —C7 haloalkyl,
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0 7 FEB 2006 WD 03/014191 PCT/ US02/ 15726 pol ynerization, the nitrogen flow
rate is 61.3 liters/mnute, the oxygen flowrate is 27.15 liters/mnute,
and the tenperature is increased gradually from 29.4C to 55.0C. After the
conpl etion of the polynerization reaction, a two-phase m gy yep 2§jgol i d phase
and |i ogwod3mhade) is recovered fromthe reactor. This twemphsRasmexture is
separated wusing solid-liquid centrifuge and the solid phase is recovered

Co ubl & prt ST ok By BefhudeEari Vel R Bl SFhBeRBda o o

sol ubl eeparpelihdilodes apd oxygchttody, wei ght of the entire copol ynmer produced.
The effluent is recycled to the reactor and the solid cake is dried after

washi ng with net hanol anti-solvent. The intrinsic viscosity of the soluble
portion of the cepal [ u . ' 74 1 5. weigh ' )
e Cor Jin o priike F A %’b‘g%e;rglﬁlgtgg fgg)‘%%%"g]ytdﬁ% préidI ahpAELILG

2, 3, 6- tdimehyiphemiiemdlthesrbad monshydqibiend Lenpyiseved, 3 BitrimEthgIphenol.
2,3,6-trinethyphenol content of the insoluble portion of the copol yner
(dried powder) is about 50% and the intrinsic viscosity.is about 0.4 dug
ina 74:15 i ght ' } %1. I : | Q1.0 .

[ 0058] Whi l \ew'at he T{h\r%@g(%{%%soﬁ@ ﬂ%ﬂlg{ %e‘glﬁ]erggsﬂg%\lg%lggm\?ﬁ?gf ﬁlgffgétexﬁ(ge gﬁ%f)}p%?lg erred
enbodi netie, secdndwhodrohlpériciplikaios iseddubl:99 fosteusdd:1l ed in the art that various
changes may be nmade and equi val ents may be substituted for el enents
thereof without departing fromthe scope of the invention. In addition,
many nodifi cati ong, o i [ ' i erial
to the teachings 019 chpfﬂf\‘/@%ﬁ t(%hw\}/lvlélftél out %mgg%%rrﬁ%{%lg&ft@ %&gg@ggﬁsﬁé g%E:ope

t her eofion frhmr@foup ¥1Bj Gravp VIABeow@rbupHBtoftheeperiodertablon not be linmited to
the particul ar enbodi nent disclosed as the best node contenpl ated for
carrying out this invention, but that the invention will include all

enmbodi nent s ¢ al | iThg ;[)I‘MJEJ%' Bf S §ORMeRdint the ARMABLGHeta] Rafiyst [RARRised |
cited patents, patent applications, and other references are incorporated
her ei n chyomighnsroamgangse, chbalt, eopper,etrya cmbinafioRERANIGnINGE DS0 0dd Of the

foregoing metals.

7. The process of claim 1, wherein the complex metal catalyst comprises an

alkylenediamine ligand having the formula
(R"), N--R?* --N(R"),

wherein R* is a substituted or unsubstituted divalent residue wherein two or three aliphatic
carbon atoms form the closest link between the two diamine nitrogen atoms; and each R” is

independently hydrogen or C--C alkyl.

8. The process of claim 7, wherein each R? is ethylene or trimethylene, and each

R® is independently hydrogen, isopropyl, or a C4 -C8 alpha-tertiary alkyl group.

9. The process of claim 7, wherein the alkylenediamine ligand is N,N,N',N'-

tetramethyl-1,3-diaminopropane.
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PCT/ US02/ 15726 CLAIMS: 1. A process for producing a poly(arylene ether),
conprising: oxidatively coupling a first nonohydric phenol and a second
nonohydri ¢ phenol different fromthe first nonohydric phg2$k i@Ea react or
usi ng an oxygen-containing gas in the presence of a solv B s conpl ex

met al cwioadyak1gio produce a sol ubl e poly(aryl ene ether) paEese/&rth an
i nsol ubl e poly(arylene ether) resin; wherein the solvent consists

essentially -C18 aro ti h dr ocay bon; .and. wher bl e
pol y(aryl eneﬂ)fet hel;})e RIOFEIS,P FE efﬁ‘l‘é% lege @Fmﬁh ngn(% mo‘ﬂftr om
t he flnﬁﬁﬂmmpgh&g&h@cphenol to phenylene ether units derived fromthe

second nonohydric phenol differs by at |east about 0.05 fromthe insoluble
poly(arylene ether)'s nolar ratio of phenylene ether units deri ved fromthe

first nonohygdric noI y. her i erived fro cond
nonohydric p enoITH% epar S{)Pﬂg E’Wﬁdiﬂﬂ Liy’fﬁﬁi’l 8?1%ly§tt(1‘?8}p)ns? ﬁh%é)ihd t he
i nsol uldecordatyihanodndne et her) resin; and recycling a portion of the

sol ubl e poly(arylene ether) resin to the reactor. 2. The process of claim
1, wherein the first nonohydric phenol and the second nonohydric phenol
each i ndepe nt | mher n eac |nd endent |

sel ected frg%et he%é)'r ugeségﬁsc:iés? i ng oerhlgl %8 con%irgl OaB}’lfl ‘?‘§)Pf65res di@ondary
al kyl , tuogayiine. C1 - C7 hal oal kyl, Cl -C7 am noal kyl, Cl -C7 hydrocarbonoxy,
and C2 - C7 hal ohydr ocar bonoxy mherein at | east two carbon atons separate

t he hal ogen and oxygen atons; and each @ is independently selected from

t he group nsi C ry

e A7 OUP, oS, oy BYCRARR IO RE Ty s L B b B

hydr oc ankioomeoghol, avierdi at IEdst hmb olpdn avassepariy thh@hiomitdgeh@ad thet aMohohr bo n
at ons arate the hal ogen and oxygen atons. 3. The process of claiml,
wher ei r?"iygfé‘lfl rst monohydric phenol conprises 2,6- dinethylphenol, and t he
second nonohydric phenol conprises 2,3, 6- trlnethylphenol 4. The process of
claim3, wherein the weight ratio of the first nonohydric phenol to the
second nonohidr i cThshmodssiod cdiout 3, wkgeinotha aminodd@hbl is triethanolamine or N-

phenyl-ethanolamine.

15.  The process of claim 1, wherein the complex metal catalyst comprises an oxine

having the formula:

wherein R! —R® are each independently selected from the group consisting of hydrogen,

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

16.  The process of claim 1, wherein the complex metal catalyst comprises a tertiary
monoamine having the structure (RY)(RH(REN, wherein R® and Rf and R® are each
independently a C; —Ci¢ alkyl group, with the proviso that R® and Rf and R collectively have

a total of four to eighteen carbon atoms.
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5. The process of claim1, wherein the conplex netal catalyst conprises a
metal 1on fromGoup VIB, Goup VIIB, or Goup IB of the periodic table.
6. The process of claim1l, wherein the conplex netal catal ?]SFtB [ﬂ;pri ses

chrom um manganese, cobalt, copper, or a conbination co isEi ﬁzg at | east

one of wia3/hereegoi ng netals. 7. The process of clai m1pineserB7ighe
conpl ex netal catal yst conprises an al kyl enedi am ne |igand having the

formula (RI2 N-Ra --N(R)2 wherein Ra is a substituted or unsubstituted
di val ent residue wherein two or three aliphatic carbon atonms formthe

cl osest |ink7bet vigemprédees bielalth 28] WherRint the §@Hard irRdfoanfidic AR eFRindthyl-
i ndependent]y hydrogen or C-C alkyl. 8. The process of claim?7, wherein

each Ra-pwy -ene or trimethylene, and each Rb is independently
hydr ogen, isopropyl, or a C4 -C8 al pha-tertiary alkyl group. 9. The process
of claim?7, wherein the al kylenediamne ligand is NN NN ,6N -

t et ramet hyl -18, 3- diherprocsss @faftm P,3wheréinfhB cdRipfex MEraD34@KALddmprises a C;
PCT/ US02/ 15726 10. The process of claim 7, wherein the alkyl enedi am ne

| i gand (3 NiReyglklamiggt y| et hyl enedi ani ne. 11. The process of claim 1,
wherein the conplex netal catalyst conprises a 4 -Cl2 secondary

nonoam ne. 12. The process of claim 11, wherein the secondary nonoam ne
conprises dil9n- ik pkaebef cldith 18] hepsin dREintlry elkgiamide isWiBltplamiddie conpl ex
nmetal catalyst conprises a C4 -Cl2 am noal cohol, wherein at |east two
carbon atons separate the am no nitrogen and the al cohol oxygen. 14. The

process of elyai M3 Nel 5 ' ' ' '
phenyl - et hanol ami ne.pr15. %gla{ﬁl?gégggﬁgﬂh%ﬁgélyrlﬁlﬂfp%&ﬁfgﬁgtgﬁg{pggﬁ%%sx%net al
cat al ysutrinsigpriscesity afintdedsnabout 0.2 dL/g as measured in a 74:15 weight/weight mixture of

chloroform and chlorobenzene at 25° C.

21.  The process of claim 1, wherein the soluble poly(arylene ether) resin and the
insoluble poly(arylene ether) resin are each copolymers of 2,6-dimethylphenol and 2,3,6-
trimethylphenol, and the mole fraction of 2,3,6-trimethyl-1,4-phenylene ether units in the
soluble poly(arylene ether) resin is at least about 0.05 less than the mole fraction of 2,3,6-

trimethyl-1,4-phenylene ether units in the insoluble poly(arylene ether) resin.

22.  The process of claim 1, wherein separating the soluble poly(arylene ether) resin
and the insoluble poly(arylene ether) resin comprises a technique selected 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.

23.  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.
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having the forrmula: wherein RL -R6 are each independently selected fromthe
group consisting of hydrogen, hal ogen, hydroxyl, nitro, am no, Cl-C6

al kyl, and C1-C6 al koxyl. 16. The process of claim1l, wherein the conplex
metal catalyst conprises a tertiary nonoam ne having th@7sREBUgasur e

(Re) (RwalosNi4amherein Re and Rf and RO are each i ndepempdantdoe/137561- C16

al kyl group, with the proviso that Re and Rf and RO collectively have a

total of fo to-gi -ho . 24..0 7 FEB 2 03/014191
per Usoz/ 16735 17 T HRAERof BERP T AR rediin A bR e 1ol BPU IR ne
conpr i sseryiediat doyhprises Rogiliingatrieast dBout DewsigRCRTSen® bf eleadolible pM\l‘S}?'rﬂbﬁb the
conpl ex netal, catal yst conprises a C3 -Cl13 primary al kylam ne. 19. The

pr oces $ther) epigitathegtaciier ei n the primary al kyl amine is n-butyl anine. 20.
The process of claim1l, wherein the insoluble poly(arylene ether) resin has
an intrinsic viscosity of at |east about 0.2 dL/g as neasured in a 74:15
wei ght / wei g5, mi Xitherpeoaebs oftdlhiar Df whidreiandcyelihg b pbavacTehasoldle polydityleddre
process of claim1, wherein the soluble poly(arylene ether) resin and the
i nsol usteTER camprigssdeechag ¢ prEionpldhesabyrahiotbpiragiotr s of

2, 6-di et hyl phenol and 2, 3,6- trinethyl phenol, and the nole fraction of
2,3,6-trimethyl -1, 4-phenyl ene ether units in the soluble poly(arylene

et her) resi6i s dthel masdssaifoelbind.10Futtbascimhpisifid eedovbeng e tompleaf metaB, 6-
trinmet hgl - 1, 4-phenyl ene .ether units in the insoluble poly(arylene ether)
resi n. 9BlysTEh R 34URo8s §AIUIPi m 1, wherein separating the sol ubl e
poly(arylene ether) resin and the insoluble poly(arylene ether) resin
conprises a technique selected fromthe group consisting of solid-liquid
centri fugati2dn, Dhskeocesenf claimdatwienginitin ptocesy i ial Hatclt pronessca nemirbascts
rotary vacuum filtration, continuous noving bed filtration, batch

£iltraPfEHSS Shi CUBHBORSRIOEHS  conprising at | east one of the foregoing

techni ques. 23. The process of claiml, wherein separating the soluble
poly(arylene ether) resin and the insoluble poly(arylene ether) resin
conpri ses s@8i d- [Thgwirereseei ¢lpinygawhersin thadisetuble poly(arylene ether) comprises at

least about 20 weight percent of 2,3,6-trimethyl-1,4-phenylene ether units.

29.  The process of claim 3, wherein recycling a portion of the soluble poly(arylene
ether) comprises maintaining the soluble poly(arylene ether) at a temperature T according to

the expression

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) 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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centrifugation, or a conbination thereof. 25 0 7 FEB 2006 WD 03/014191
PCT/ US02/ 15726 24. The process of claim 1, wherein recycling a portion of

t he sol uble poly(arylene ether) resin conprises returning at |east about
20 wei ght percent of the soluble poly(arylene ether) resil/ teB 10§ reactor.

25. Thewpyexaamiof claim 1, wherein recycling a portion Iqugﬁz/ﬁ%fpbl e
poly(arylene ether) resin conprises recycling a portion of the solvent to

t he reactor.,26. The process, of claim.1l, further conprjsi recoverjng the
conpl ex met a%og caflbel FeSHi© flam %dﬂ@&‘i}g ﬂ%"o??]‘LCP’E‘JtFEUO?'P. d‘f%@%@ﬁ@@@éﬂ%i@ﬂ% ai m
1, wherghdt) tohfe RIcOEIES goﬁfonqs Bt by B 8c6Rfng @ REMERIHh process, or a
conti nuous process. 23. The process of cl a%m 3, vb)herel n the insol uble
poly(arylene ether) conprises at |east about 20 wei ght percent of

2,3,6-trimet =1.4- e ther units. 29. The process_of claim 3,

thet i n' teey AL 41 BTN ST AT SRR REREIITNE) conpr ! ses
mai nt ai ni ng the sol uble poly(arylene ether) at a tenperature T according to
t he expression where ~s is the soluble poly(arylene ether) concentration in
t ol uenewhers gk és sepressedvini wight pacesnly ik \the SolubR pdly(arylsnd etherd @opblyynedf t he
soluble poly(aryl ene ether) copolyner in-a 74:15 weight/weight m xture of
chl or of BIFRSERGSORS fbp dfderecight/ weight mixtynsraf shlogoformand ghlosphenzeanvrti28° t he

t ent « 1 i Rt : = . i i I .
ol y( argemested LI, T & AT POCRNS £ 8B A k0 s in o
wei ght thé sbhuble pblyifrylemel sther) ydopotymat (e&bressap @l Wadght pbcéht)y, indBr20Q6e WO
03/ 014191 PCT/ USfOrg/ 157%@ 30.,  The process of claim3, wherein the

concentPRPTENIGP! f ey elrd BPRiopdpXRress¢d BhiC-)-et her) in the recycl ed portion
is given by 0, according to the expression tS
<=(0.30) | V+(1.27) TMP- (35. 7) +(1.97) T, 1 Ud (1- (1-(0.0080) 1 V- (0.0249)* TMP)

31. A process for producing a poly(arylene ether), comprising:

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; wherein the solvent consists of a Cg
—C,3 aromatic hydrocarbon; |

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.

32.  The process of claim 31, wherein the monohydric phenol has the formula

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; —Cy

hydrocarbonoxy, and C, —C; halohydrocarbonoxy wherein at least two carbon atoms separate
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where 4s is expressed in weight percent, IV is the soluble poly(arylene
ether) copolyner intrinsic viscosity in a 74:15 weight/weight m xture of
chl orof orm and chl orobenzene at 25 C. (expressed in nL/g), TMP is weight
percent of 2,3,6-trinethyl-1,4-phenylene ether units in pt7hEEgspdgubl e

pol y(aryybanmigtoher) copol yner (expressed in wei ght perceqgtpus®@ngd7Z i s the
tenperature of the recycled portion (expressed in C) 31. A process for

duci v h issi d
onony A SRk ! 53R SORST bt B 07 Rl Metist gl Y drw
prese n@@ngﬁmag Sy dfy3en, dHatbgan CONPE £xrimiBiyadr s6ebndhry Slkyl GhhyIdOs eCahsoalkl e

poly(arylene ether) resin and an |nsoluble poly(arylene et her) resin;
wher ei C1tHe bsirowronosnsindt& of7 halohydrogarbonoxsherain By agdaOLEMOnsEYES at i ng
t he sol I esin and the insoluble poly(aryl ene ether)
resin; g&%gFE%JSﬁ&%gagggéf oﬁ%g the sol uble poly(arylene ether) resinto
the reactor. 32. The process of claim 31, wherein the nonohydric phenol has
the formul a wherein each Cﬂ i s independently selected fromthe grou
consi sting o8- halldgeprocess afctainy Bil piihgredn theomonebirdyicapheppl compmsas a%ﬁt C7
hal oal
hal ohydr o%oayér gﬁe’%\rﬁg% 4rgf}%l%d ?1]0 ﬁc%r\llxgwgégl(ra 3&1&3 g)rgée ggﬂgrrlgﬁ) hygg} Bhefm,:EB
2006 \apd ey ﬁi&iﬂﬁoﬁﬁ&ﬂhﬁ@ﬁérﬂﬁ&ﬁdlffe&nhaimemh@srtﬁe Gey@en atons; and each Q@
is independently selected fromthe group consisting of hydrogen, hal ogen,
Cl1-C7 primary or secondary al kylgt phepgyl, Cl1-C7 hal oal kyl, Cl1 -C7
hydr ocar bonoxy, and C2 -C7 hal ohydr ogar bonoxy wherein at |east two carbon
atons separate the hal ogen and gXyoen atons. 33. The process of claim 31,
i yes—@ifirst nonohydric phenol and a
second nmonohydric phenol, wherei meth$ first nonohydric phenol and the
second nonohydric phenol are different, and each has the formla wherein
each QL is independently selectéﬁ frofh t he group conS|st|ng of hal ogen, Cl1
-C7 primary or secondary al kyl, phenyl, Cl1 -C7 hal oal kyl, -C7
am noal Y, rein
am noe Sv!tﬂ)’e{r%cégagrrlg 1s*1}{&'ér$§ﬁ I{Sglr‘gét%cte@%%%e §tbup o 8&1&%08%91%@8&‘ civey
primary or secondary alkyl, phenyl, C; —~C; haloalkyl, C; —C; aminoalkyl, C; —C;

hydrocarbonoxy, and C; —C7 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; —C7 primary or secondary alkyl, phenyl, C; —C7 haloalkyl,
C; —C;7 hydrocarbonoxy, and C, —C; halohydrocarbonoxy wherein at least two carbon atoms

separate the halogen and oxygen atoms.

34.  The process of claim 31, wherein the monohydric phenol comprises 2,6-

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

35. A process for producing a poly(arylene ether), comprising:

oxidatively coupling a first monohydric phenol and a second monohydric phenol
different from the first 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; wherein the solvent consists of a C¢ -Cyg

aromatic hydrocarbon; and wherein the soluble poly(arylene ether)'s molar ratio of phenylene
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t he hal ogen and oxygen atons; and each 2 is independently selected from
the group consisting of hydrogen, hal ogen, Cl1-C7 primary or secondary

al kyl, phenyl, C1-C7 hal oal kyl, Cl1 -C7 hydrocarbonoxy, arydrEB22086C7

hal ohydr ocar bonoxy wherein at | east two carbon atons separate the hal ogen
and ox 34. The process of claim 31, wherein ric
phenolxgg?%?%ggz 2, 6- di net hyl phenol, 2, 3, 6- trlnethylphggoﬁﬁﬁggggg

conbi nat.i on t hergeo proce s for produ0|n a pol y( arylene et her)

conpri MsHY eeiafﬁgl @Qrfythegsﬁww %dm¢ pasnobighispaiene cthefatgs deme aff%fééléfhd
monohy dgddnaPieRMydrid ;}I b e arely B a& I'igast lb&dt (B HRNE Qﬁgﬁl %dlg(agylél’?ea(:t or
usi ng an oxygen-contal ni ng gas he™ preserice of a solvent an conpl ex
nmet al ettea) symk)larcrapo @(ﬂlpd:enﬁem)huhbf anmo klyl(i‘aafdyfremethetﬁletr nonolegiric gedohto

i nsol ubl e on en H?{ resin;, wherein the solvent consists of a C6

-c18 & ?4%? 5% GrBisA frozm the seeand; monahadie, phespk pol y(aryl ene ether)'s
| t 4 th
oL ES ot 9SSRl SO Rt GeflER 2005 A8 R4 AR BT RABIche L

deri vededim;amlt he second nnnohydrlc phenol differs by at |east about 0.05
fromthe insoluple on ryl en et )'.s nmolar ratio of phenyl ene ether
units deri ve&eFYf ’Eﬁﬁ‘g Féie Hﬁ\l? Y{ iy lensestan) fesin P HisHGIEHe et her units
derived fromthe second nonohydric phenol; 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. 29
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