HIGH MOLECULAR WEIGHT POLY(2,6-DIMETHYL-1,4-PHENYLENE ETHER) AND PROCESS
THEREFOR BACKGROUND OF THE INVENTION [0001] Polyphenylene ether) resin is a type of
plastic known for its excellent water resistance, dimensional stability, and inherent flame retardancy,
as well as high oxygen permeability and oxygen/nitrogen selectivity. Properties such as strength,
stiffness, ¢ [ [ -and heat resistance can be tailored by blending it with various other
plastics in Qf@ﬁéﬁggﬁﬁéiﬁﬁhﬁﬁi’t@?éﬁ@M?ég b Lo Iplf' g@,{%})eﬁﬁlple,
plumbing fixtures, electrical boxes, autoRROGEPArTIIBRERUIation for wire and cable. [0002] The

most commercially important polyphenylene ether is currently poly(2,6-dimethy1-1,4-phenylene ether),

which is prepared on a large scale by the oxidative polymerization of 2,6-dimethylphenol (also known
as 2,6-xylBASHk EB 8RR idtk ENYEDEEIYNS, notably use in hollow fiber membranes, very high

molecular weighl @3 e chdsPREN Ieas SBrISAIR RSAdeh LoDl Mt fhe average

molecular weight be very high, but the sample must have a small weight percent of low molecular

~ weight polgiisttisafiacttigne Mohilrarand Wrraent fbrpe it dreimatiyall rubjstepiiesie ether)s that
have but adiigh-Buihenavesegmimplecwawaightaageairedussdsftaction, afilemmaleskian weight

molecules. . [%OO%{ The literature inclégdes various procedures for the preparation of high molecular
weight pol§t2 BB 121 5 SHERS RSB IRLPTES B Hrodl pibEdl Y ki & WERiRIaH b Mone reason or
another. FEodexampte thd.Bqiatenhdlofa 4yiikO;aidtaotl-dnklalIRdaigapeseihalidequire the addition
of chemicg] compounds that interfere with the salvent recyclin t is_required ke commercial
process eﬁf\L/}irr%bﬁlp e%’?%ﬂﬁsa‘%gétp A T%?@[S)’e%ll jcaf l,v B%}tbé%lenltl%\}%%%ﬂﬁfﬁ%’ﬁ raélquﬁar‘r%eé?‘ the addition of a
dihyqlric phenol é@(éﬂ%}rﬁhd mtmqg@mjn@them@pepwémwamtemam GuSerdiztent No. 4,116,939
requires t?@lmtm@&@p;?@m m&&-ﬁmem%ﬁa@m%?a%% EAlENO. &ikh6y99 Bl to
: Ig

Braat et a ﬁErovides.a commercially viable process for producing molecular weight _
poly(2,6-diflsmfrzatian ghefyienetatrberol Selstmenprasant Proaiens. nEvecemsiarpedupat the products

of the Bragigicalidacpeetsipiesiswated fibavaarslatie helarasritastienal \yee molecular weight
molecules.gi)yg%eg referﬁ%}es provige procegures that are suitable for use on a laboratory scale, but for
(3] y$

reasons tR HOPS Ai/\’?é‘ﬁ“@ RS EBY TS AR DPHAPELUHSTE D BietessBRifs Hinslate the

- procedurescigla boremérgialtscaie slinsplouldialbovbe satdtvibahmenyreiélencaeslehdracterize product
poly(2,6-di -1.4-phenyl ethen)s in terms of. intrinsic.yiscosity, ,rather thap molecular weight,
and thereddiJSp %o é]glétt%eg%? Llﬁéséegﬁ gﬁééiﬁ% 1???8 SCular W&ﬁﬁ?ﬁﬁigtb?&lﬁg%l }b?r‘r? E hcln rFﬁ‘gi%l\glfé%osity value.
[0004] The taardfore highaimsbarieed o npdad s diritapd 4 radphahietieretidr)s having high
number augrRgRPRIEHI A JNeight and reduced content of molecules with low molecular weight (e.g.,
polymer chains with a molecular weight less than 30,000 atomic mass units). There is also a need for
improved, comm@RO3lIy i hierareinaleRsmicHRans drEs feahe procesiasabkighoducing such
pg'Y(Z,g-mﬁkﬁéﬁﬁﬁwwwﬁﬁﬁ&aﬁ%?%@)ﬂﬁw QECHHEANVENT Qcicn [?005] Thhe
above-described and other drawhacks are alleyv. met of preparin igh molecular weight
oy (2,6- IR TR BNt S b b G SR OB g B Ui et B benol i
toluene seh@ntekmthetipredéditoe of cheaialysvogrpridinipcoppénrtonidntle solvent recycling that
N,N'-di-teft-huity: iarni orm a reaction mixture comprising.a di e
poly(2,6-d( imeg%hﬁg]l},%-p eﬁé%%%@%eé@%%ﬁé?ﬁ%%é Ec%é%aﬁ%% vz\llﬁg'rgslﬁetﬁil%%(y a Ti'\“?'é E[’)ac’i‘ﬁff/‘ﬂr:nerizing
compriseNinittakit dkicrativessbhadditizatidr diltvérsrebermdant noidaedutiag doingibht percent of the

2,6-dimetBylpeRohoMhiateinAllieas! Pe-walahupereent ol g2 S:dltetityiphanglds added to the

reaction mixture after the initiation of oxidative polymerization and over the course of at least 50
minutes; WHEEI thaP8NEARAEN Folmdrissig Menidtised a diing Brseethrexyigeniand
2,6-dimetbyiphendlity thibkepoter: robpuseuiti e migle ifie ahOwbIeI6E b dexminating the oxidative

polymerization to for ppst-termination reaction mixture; combining a chelant comprising an alkali
metal salt SF SIS LSl hE P e B Lh i S RETASHE WRAITSS o AL EHEk o mixture
comprisingr e s orausPrisd dizomprbingebhelae ttaopperf lowandddrdag anigiphaskadeprising the

dissolved galy(-RsdimatBydlSRhenylens atheriwhsteln the shelation Bixture. exglides dihydric
phenols and aromatic amines; maintaining the chelation mixture at a temperature ot 40 to 55C for 5 to
100 minutEdSYBPAraATG e agreted priseendithedbigaiiopimrassiiisdreincasessdparation is
conducteg-aistemperatene-el 40 e rborantsisalatingnhenoly@.Grlinatyidah¢rphgnylene ether)

from the separated orgapic phase; wherein time elapsed between termination of the oxidative
polymeriZatiBA SHdIR Péﬂ‘ﬁb&ﬂ@%&ﬂﬁj%t-lﬁmﬁleﬁi%‘?ﬂ?ﬁe-’%@ﬁﬂgﬁé RS PIdNENTIE rdsA7a1Y200 minutes;
and wherein the isolated poly(2,6-dimethy1-1,4-phenylene ether) has a number average molecular
weight of at least 18,000 atomic mass units and leds than 30 weight percent of molecules having a
molecular weight less than 30,000 atomic mass units. [0006] Another embodiment is a
poly(2,6-dimethy1-1,4-phenylene ether) solid having a number average molecular weight of at least
18,000 atomic mass units, and less than 30 weight percent of molecules having a molecular weight

less than 30,000 atomic mass units. [0007] Another embodiment is a fiber comprising the
nolh/(?2 G-dimethv1-1 A- nhenvienea athar) enlid T0OONRT Anonthar embodimaent ic an article comnricinn



poly(2,6-dimethy1-1,4-phenylene ether) is no more than 200 minutes; and wherein the isolated
poly(2,6-dimethy1-1,4-phenylene ether) has a number average molecular weight of at least 18,000
atomic mass units and less than 30 weight percent of molecules having a molecular weight less than
30,000 atomic mass units. Several aspects of this process are surprising. First, it was unexpected that
the intrinsic viscosity dlrop observed between termination of the polymerization reaction and isolation of
the final pFAGGCIRBIE A LE SEteRlANT [BERGIE AW (R SRIrfoA PRI e MRS IRIENE the dihydric
phenol andigwilo:tied deingereiguirat: bisddSyRatent No. 4,110,311, or the aromatic amine required by
U.S. Patent Nos 39..Second, it was unexpected that the ti nd temperature of the chelation
step could be su@ﬁ?ﬁ@%éﬁ 6%%r withains Fn?gﬁ%)tr?)r{ % %%-gz%eﬁﬁ,g- ReRRthe e primary -
purpose diatiag digh mihibdr ivwageuneikpelategetbhtt the iatricsicyiseusifindieputauldibéoreduced by
maintaining f:Ba Ak ied adiien ala dlmolseHiaL e CAmsphenal (ather than

using the conventional technique’of regulating oxygen additionto maintain a cons ant concentration of

oxygen inthiEtedBF Hentispaed) fedomrovedvasomsxpdtegaishicifaprorsasreaitdlproduce an
isolated p@&yégtﬁbpl:iﬁﬁeﬁaygeslﬁérBhﬂﬁyiﬁg@&Hﬁby@&@%tﬁymp@@g%gﬁ@g@émg}%@uIar weight of at least
18,000 at%rgmgé%%ind Iﬁgs than 30 weight percent of molecules having a molecular weight
less than 30; QN |tEHIEif]FHyiFW';{ expected that a pre-concentration (solvent
removal) step cd0ifHeTecibceddambhiapioatssdnitiinukadrerselyalfastingisabation of the
poly(2,6-dimethy1-1.4-phenylene ether). 0013] T rocess includes the step of oxidatively
polymerizpﬁgpﬁr,gt- ?r%l}egtﬁﬁglggﬁ%lr ‘?F\lé% (5) |%1§{éigq éiorﬁl‘fr#gelﬁgaﬁg?ﬁe %Sﬁﬁf?&%u“ﬁ?’t@ﬁﬁ% solvent in the
presence ofigdabatdyt pomjrisgytedippshyghend iN Niwdhtentibutyletinl ereeiamine dadpm a reaction
miture compyisiig agdixaethRE.Gomeiiyat dRIBIMARSHNGD: WAIRL and fhe catalyst.In

some embodiments, the catalyst further comprises dimethyl-n-butylamine, di-n- u%y amine, or a

mixture tHSIBBFTAS DRI pelyihérdmmsivislidimaryipyetpdantvatetion Siosarglastio the reaction

vessel. Aihadimaobindtiatio gnehmenizainmnhnemandnas-L0waiglsRatreni af thetotal
2,6-dimethgeléghenol IS preseé}#iélétge reaction mixture. Specificalliﬂtge amount of 2,6-dimethylphenol

initially preSaRTTh YhBELER SEPERHASE It S B oveyiprthadiictb rahsiaBiRcERSt Po 5 weight
percent, eveighmprespecifieslly-ditoethvigight e rerial hasedeanihedotaweightief RiGadimethylphenol.
The remajpi -dimethylphenol, corresponding to at leas weight percent of the
2,6-dimet yﬁg%encﬁgI sogglfe% %%"ot%énfg%% foncrﬁ%%rgeogﬁte?e Sgegﬁﬁilé?loﬁsb 98%8‘&?@8 polymerization and
over the cu#sEvshartbasersong rnmes sepebiitniip Bouorsk ygimuted 2rhciespetificatSito 65

minutes. Rt Rrdal mRoNEdesian Mol esr owagh.and A Sdmelvipiisnol e added fo the
reaction mixture in a mole ratio of 0.3:1 to 0.65:1, specifically 0.3:1 to 0.6:1, o?'énspec?ﬁcally 0.3:11to

0.5:1. Th&USEBf BRS FieE PG RTACHR vRIKE ST SR Piinea sk vsenisi s mibaikalsigaiitantly to the

desired maleenlarinightpEoRRI iam@hdipalrehmnRriBraEMF on mil90:4) R.seme,embediments, the
total weight of 2 6-dimethélghenol is 5 jo 10 weight percent, specifically 6 to 9 weight percent, more
e

specificalff/“ét%é R et R B A SR S P IS R B e D FPB ARG (P RNk ESfuene solvent.
[0015].|r.1 smrmidngxhdimmmdlmmac@mmymé@aﬁgﬁqeﬁaﬁ@ﬁ \@Bﬂ_@bﬁ tﬁh@fﬁ(l;;afjge? ?js o
comprising;; : ic).stage. during which.the reaction vessel is,cooled to maintain
a desirega?g%&ggsr%%%@gegr%{ Jj %Eigegé%%r? ggﬁﬁ?ﬂog%aggeag%ﬂeﬁ gn\}v 1?&%%@@%%%8%%%@%&‘%%%tated to
maintain & gesitEdtERpePdrre OimdgeHddisierothanrit) sthgeqteewasictonmiititre can be cooled

to maintai} AderpReratWR Q3RS ecHicalk20 &Pﬁ@%ﬁ%ﬂgﬁ% (puild") stage, the

reaction mixture can be heated to maintain a temperature of ically 25 to 46C, more

specificall§PR5R§ H5EOY (2 fodias B pehdbig Yrnhe e dreeids capraehamans ehwssen, the total
polymerizatiemiraaateffisoe bahakiswinaiimenalppsask atve eplipiiatingisat@.aalymerization and

terminating ,oxidatjve pol rization - can vary, but it is typically 120 to 250 minutes, Specifically 145 to
210 minu RS O e PR IRE) PR L ILg B HAARE THb b et
polymerizatlptd o doneiterlpbstiternyinati othepdet emmittareveine recletionris/tegmisaiedavhen the flow of
Oxygen i SirRcHRnAESSeLR sianaed RNl YR S Seation esseLasadshace o
removed by flushing with an oxygen-free gas, such as nitrogen. O8] At e polymerization
reaction i¥ fighsEtRANRE- LD pOPEHITEISblymerization catalyst is separated from the reaction
mixture. This is accomplished by combining a chelant with the post-termination reaction mixture to
form a chelation mixture. The chelant comprises an alkali metal salt of nitrilotriacetic acid. In some
embodiments, the chelant is a sodium or potassium salt of nitrilotriacetic acid, specifically trisodium
nitrilotriacetate. After agitation of the chelation mixture, that mixture comprises an aqueous phase
comprising chelated copper ion and an organic ph%se comprising the dissolved
poly(2,6-dimethy1-1,4-phenylene ether). The chelation mixture excludes the dihydric phenol required
by U.S. Patent No. 4,110,311 to Cooper et al. The chelation mixture also excludes the aromatic amine
required by U.S. Patent Nos. 4,116,939 to Cooper et al. In-some embodiments, the chelation mixture

further excludes the mild reducing agents of U.S. Patent No. 4,110,311 to Cooper et al., which include
crilfiir diovide c<rilfiirorie arcid codinim hicrilfite eadinim thionite tin (1N chloride iron (H) <crilfate




[0026] In some embodiments, the isolated poly(2,6-dimethy1-1,4-phenylene ether) has a weight
average molecular weight of at least 150,000 atomic mass units, specifically 150,000 to 400,000
atomic mass units, more specifically 170,000 to 300,000 atomic mass units, still more specifically
200,000 to 250,000 atomic mass units, yet more specifically 200,000 to 230,000 atomic mass units.

[0027] Another i van f the met is that.it produces an isglated .. .
poly(2,6-dimethﬂ%ﬁ§ﬁ§ﬁ§ eerrgé% %%Ig?ﬁlé\f}iﬁaqf s’é —tflutlé?qe wfciigl{g%%tl€|c1>1 ?%%en%cl) i Sgllé%tl}laevénﬁaving a
molecularaweigbi [@ssaamdecoBo i ofrmbisssuhit 00 domis amisouinyeims Jakrethonight percent of
molecules; ﬂ%ﬁéﬁ%@%&ﬂ%ﬁ@é%ﬁ%§ &@&é&%&%&mg ASSUEIS R {Ra;ié[)u\ﬂﬁgght percent,

specifically 15 t0 27 weight percent, more specifically 16 to 20 weight percent. 0028] The
desirable molecti8f Tl etgrthaitmbatisreas frlibsisap b Bedrethy timatytdmiene ether) is, in
part, a copsaguercenefradidcing the change in molecular weight distribution that would occur in the
chelation and pre-concentration steps of conventional processes. Thus, in some embodiments, a
difference (red u@%%g iﬁ‘?ﬂm‘?{s‘?@%\%‘ﬁ&e&yﬁ%%?Thcg%C e PR tiRgBEeved between the
dissolved poly2re-edianpthlid-1,4-phenylene ether) and the isolated poly(2,6-dimethy1-1,4-phenylene
ether). Specific e, difference in.in rip iC VISCOSIty, ca 10Q.10 25 percent, more specifically 10 to
20 percent, stillaﬂn&g?e S%Ié%l |§a @%f?l 0 i‘51%p%‘}§§%% ngté Csﬂoq%%gv %E)r%rsr,nﬁ?ne &{%Fgﬁi&’él?ﬁ‘%{%ﬁsic
viscosity cahyBestdsathah lot-ehemiltocedertsditters per gram between the dissolved
poly(Z,6-d'meth§bo%o<}-ma§@1¥leaﬁpeﬁi}ﬁ%9{aq E’ﬂﬁd%@i%%ﬁ&%ﬁ%@ﬂ Jaglidng-mpenylene ether).
Values of the difference in intrinsic viscosity are presented in Table 1 in the row labeled "IV drop (%)".
For instarfS¥mEc4iHelove ki @erdifatence in intrinsic viscosity of 100x(1.84 - 1.64)11.84 = 11%.

[0029] Similarly,[ppspMacshriimetsbadifaienee daswaight pesesntabtwmolecules having a molecular
weight le ' ' r equal to 25 weight percent is observed
between ﬁéﬁ%ﬁ%&%ﬁ@ @@ﬁ\éﬁﬁlﬁ?ﬁg@@ﬁe ether) and the isolated
poly(2,6-dimethy(0124-phentré nboethedciSpeciicballyhdhe difierece thyweighticpglaenttbémmolecules can
be 5 to 25 waeli especifically, 8.t ight percent, even more.specifically 9 to 15
weigh perS eﬁgﬁigé%éﬁﬁgéérg%n o?etﬁilggmgtdf%’%%%i%}gz?g%%éﬁ gae% o?nlfx?r%nﬁqgrﬁlgiﬁi?é&(?’ f/ below. For
the dissolpEdetentcofoe abtoned o Redindimethited mobhehyieneterhérd; thenviedglsthzercent of
molecules, haying & BIleRlarWeIgBE 1635 hRN.30.A00-AIRMICMARS WALS;IS 2 8%n Angfgr the isolated

poly(2,6-dimethy1-1,4- phenylene etherg the weight percent of molecules having a molecular weight
less than 36TBE0BEYRCRTEREinild e 88 DI ey RS ehfreraRdBeisrpecsydhegysptarsiriosl  [0030]
An unexpgciedradyentageabihaimeaihpaissthainhadsolairdsnaiiac-dipethyt-4,4-phenylene ether)
has a low resi copper concentration, even tho the time and temperature of the chelation step
mve recucB LR LT o T ERR o e AP Se: e e arie

embodimends; ltwe iswiate dpoly(@Bedilmetiaghdibipheleylchieustoes)dndsdinoppe n corthedtraition less

than or echghind PRI RE N By iaN, Seesilel O bias eaansr ollien franeioht, more

specifically 0.5 to'5 parts per million by weight, even ecifica arts E:er million by
weight, yeridaiacdpaeliesizinge S-pareshylhanidldn teyograightvent ifdo3atsanse afe satdyeiments, the
oxidative polywmerzing o igesNIating Axidotive, polymerizationdnihe-aresansRQfd to 3 weight
percent of the 2,6-dimethylphenol; at least 97 weight percent of the 2,6-dimethylphenol is added to the

reaction nSRERFE RSt RTINSO limetlive Lohsarsat Sthandvwer tid Bsralstss to 65 minutes;
the oxidativiedeipaheasiizitigegavaiisehadoingises ietdtin @ xwaen anpolbrdimathyiplanol to the
reaction mixture in.a mole ratio qf.0.3:1 t0 0.5:1; the oxidatively polymerjzing 2,6-dimethylphenol
Comprise St e 10 R B Bt RO i BFRRO B of 20 10 30
and a secerighstpgecint witichibelmetitrhenpitsradicticated teriamtirhadefmenatnidaivosO to 40C; the
method furher COMPANISES ARG ALAGHAN BPIE 213 ﬁm&%& ag{%q‘{gz}%%;nt&goc after

terminating the oxidative polymerization and before combining the chefant with the post-termination

reaction MBAHEINSHENSHE BXERTIRY & Sofianmesroal Siepenendcetrdhactbynfivahtpthie oxidative
IOOlymeriZ&H@eﬁbﬁ@ﬂiﬁhﬁé%@'@m@d%&@h{@@1@&@2@9{&7&&@3@5{%&%&&&%@;}}&%&%@%@@ mixture is
t

maintained at a temperature aof 45 to 55C for 40 to 70 minutes; the separating the agueous phase and
the organf® LRSS AR LA B S B Bess el fRPEppas Al Akl asilermination
of the oxidaitivé poijwnerzat anidndishtaping then paly(ad, Gditeatmit«d-dephenyleneietiaer) is 30 to 60
minutes; the jsolated poly(2.6-dimethy1-1.4-phenylene ether) has a number average molecular weight
o1 20.000 1L 000 Hn e e Y oL e B R SRS morecuia
weight less than 30,000 atomic mass units; and théa isolated poly(2,6- dimethy1-1,4-phenylene ether)
has a copper concentration of 0.5 to 5 parts per million by weight. [0032] One embodiment is a
poly(2,6-dimethy1-1,4-phenylene ether) solid having a number average molecular weight of at least
18,000 atomic mass units, and less than 30 weight percent of molecules having a molecular weight
less than 30.000 atomic mass units. Specifically the number average molecular weight can be 18,000

to 100,000 atomic mass units, more specifically 19,000 to 70,000 atomic mass units, still more
cnacificallyy 20 OO0 to A0 OOD atomice mace 11nite vat more cnacificallvy 20 OO0 1o 2RE 0NN atoMmic macce



[0039] Embodiment 3: The method of embodiment 1 or 2, wherein the oxidatively polymerizing
2,6-dimethylphenol comprises a first stage in which the reaction mixture is cooled to maintain a
temperature of 10 to 35C. [0040] Embodiment 4: The method of embodiment 3, wherein the
oxidatively polymerizing 2,6-dimethylphenol comprises a second stage in which the reaction mixture is

heated to maintain a te ture 50C 041] Emhodiment 5: The method of any of
embodimg%rt%J ilﬁfgw?}#eégqﬁ‘g{%eé’ ?ﬁ%giﬁntl%gféﬁiﬁgﬂy Bﬁeee?l% 1?5(\3{%%1?6 t\gvee%ﬁ “H&ftent based on
the total wérghmleﬁdmrﬁ&w@rip.ménmlaﬁadt_@mmos,@m'euqu; maj0euRhEhddinemt 6ixkire method of
any of ema@9@%?%&%%5?6%&@%99&@@@%&&3@@Eﬁz&?ﬁ[ﬂl &@g&%@ﬁ%@%ﬂé ﬁ?ﬁt'on mixture to

form a chelation mixture comprises combining the post-termination reaction mixture with an aqueous
solution oP'&R&IERERSAT MGTGEHG theaHBdPAeRdusteh et Simmse ik e 40 %6:38¢, and combining

the resultisg dempes dolserasiisiadyniduse-milbnyataetorformib e-phelaionmixtyrgs;  [0043]
Embodiment 7; The method of any of embodiments 1-6, excluding a solvent remaval step between the
terminating e bXIBa A I%ﬁ‘@f’é%f%ﬂuﬁﬁ%ofhgfig’cﬁé’ﬁhﬁtfﬁg BN EERtRY 159 % R 8y lene ether).
[0044] EmpbbditetitnBthihe daplibodcaf aheofi enchadiments20 mivihereisnthe iseatihg theated
poly(2,6-di 1-1.4snhenylene ether) from the separated organi ase comprises mixing in a first
stirred tarﬁ)l??tﬁg]égﬁ)%i%&}dﬁé%/g%ﬁ@ﬁﬁggéﬁgg% E |r]r§1tn|%%‘r3 i6n o nqllg%elg/%ﬁ %615% Séte%aﬁtrst
poly(2,6-dibdéipptomia phsryianendtiees)teiors); weighmieingniod mebontshirrét tanio e first

poly(2,6-dimebyds kit heoutens: SO ER:SMIN 2896 830500 POFigD ﬁ%@é&@é@%ﬁ@%@?dme a second
poly(2,6-dimethy1-1,4-phenylene ether) slurry. [0045] Embodiment 9: The method of embodiment

8, whereih fHe £33 IBPHGA A ha St dsin pisesity rabhegsd fstrent termination of the

poly(2,6-disnateyikatidr phenylenrieibRben of (HRAAGH Brobedissent lsubharmathodiedembodiment 8 or
9, wherein the fg‘%i ortion of nﬁ?olvent and the second portion of antisalvent each independently
B

comprise 75 o d ) grfgauired[gng 7]

il BFOGHETHARBE S 1 (7S 8TRRTG AR BILE FRckuitnsrsavred by
EmbodimEr#t. PatcihBonéthidiol anytief embaitiments Rdl@edbeléis. hecmaight 4atis ofthe separated
organic p 0:the first porti f aptisolvent is 1.5:1 to 2:1: and.wherein the weight ratio of the first
po (2,60 ey L S e b B b ot o 1.2
[0048] EnesdintieHy 1edurhe mwidieriminp idih bodivrnssre-averwiher énbih erimixingurpeséirst stirred
tank and fenpixig iPra-seeqad ﬁ@ﬁ?@a@&‘lfhﬁ{@n@%?Qiﬂ%ﬁ%ﬁ?&h@ﬁ?&oﬁ%Q%E%dr&h@e@W{ﬁerature of 45

to 55C. [0049] Embodiment 13: The method of any of embodiments 8-12, wherein the mixing in a

first stireBHHRZAY IR HFRIAGIReY WERE SHiced Beikate crsgspierzédimed ibrbrmixing energy of

less than @itkeupkiadddlajoutes rickiogamique of QRMHRIOOdiIm Rt by thenmeathed of any of
embodiments 1-13, wherejn thg isolated %0'1{@2 6-d'me§[hﬁll-35, -phenylene ether) has a weight average
1E T space

molecular WalgHt SF ST 184401 Bo I8 AtBhhiE e [ EHhBBHHREHIEE Y method of
any of embogimemsolﬂﬁéhmdweein iméaisdImﬁd&a@g{&ﬁ}dlmetmnwénpIaarey}emei&gher)_ has a weight
average malach ALWEORLAAE0 909 230,000 AOBIS MRS M S oJ§OERLEMoRdiment 16: The

method of any of embBodiments 1-157 wherein a difference in intrinsic viscosity less than or equal to 25

percent iSMGHEE RASer Pedhaeir th e ol iaadipdas insbthes- han SRS etvenitessamdtthe isolated
poly(2,6-dimgthvidad drRPefivians: 6theQoncentiPRal Enkeoinantd s dhe methed af. agy of

embodiments 1-16, wherein a difference in intrinsic viscosity of 10 to 25 percent is observed between
the dissoR8T PORIEE BN t4 sphattineirsdinbtontf the rebietéadimethyl-1,4-phenylene
poly(2,6-dieihy1-1,4-phenylene ether). [0054] Embodiment 18: The method of any of

embodiments 1- rein a difference in intrinsic viscosity less than .or | to 0.3Q deciliters per
gram is observeitlﬁ} é}lei!t\(/vhl:%enp 16" ?sl&cg%%s [t)hcﬁﬁfé}?é)-d%leé[:%nﬁ-}/iﬁﬁ eﬁﬂﬂ]@ﬁggﬁ eﬁ%iph?@%olated
poly(2,6-diheatiditivelpohemyientost Ferdnductfdis 5 lEenbodlivaenin kBe Prrecmetbidal cafdvy of
embodimegiz. -4 ayBsteinAiiarence JnneiglneGRaL o MAPRUIGS having amalseular weight

less than 30, IC mass units of less than or equal to 25 weight percent Is Obsérved between the

dissolved°pBIp{ziBeditietAy e el piFetrgisrsbelnbt) Ria vivad sthatb dvpisty (% tiermetdlys- 114 -phenylene
ether).  l0sRbEaMReiMeR3A K emrthadptiaayofembadi kel Qi Whereinadifference in

weight percent of molecules having a molecular weight less than 30,000 atomic mass units of 10 to 25
weight peTtBRETSBRLSHFEH DEt BB AN RSB HOR (2 BLHAL MY e I HERGRACEH8ER) and the
isolated polg@2;Badiimetirydell , Aphemyiend piftatng po[A0&Tidohadimestzd Themathod of any of

embodimens 420, wherein e isalgjed pal(2,6.cimethyl 1 & phenylene gihet) hgs aycopper
concentration less than or gqual to 5 parts per milfion By Weignt. ’
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[0058] Embodiment 22: The method of any of embodiments 1-21, wherein the isolated
poly(2,6-dimethy1-1,4-phenylene ether) has a copper concentration of 0.5 to 5 parts per million by
weight. [0059] Embodiment 23: The method of any of embodiments 1-22, wherein the catalyst
further comprises dimethyl-n-butylamine, di-n-butylamine, or a mixture thereof. [0060] Embodiment

24: The method of any.of diments. 1-23, wherein the catalyst further.comprises .
A8 b R R I R T —
wherein thereatalysrdupireleom pisésrdigistbsicenb eydamine sredificaiiputydanvinzhnivecein the
oxidative g Mz ises i glg)fi!g ' rizafion in of 1 to 3 weight
percent o?%%%%%%é%ﬁ&%@eﬁr%gl ;tni/é\sltherein a Ie%}l]!g{tf'EQF;(BV%/E;&?F|%11 égégc%’rlﬂ%[ﬁ%‘}e{%?g%oﬁﬁethylphenol is

added to fREFERIDIGIE MRiRtises e PshinmaEteh Dl ritra bl pherghfioriderdte t irsttsurse of 55

to 65 minptgsuwharetndiaxisativelRelimeiizing sappHse s addiRe Meleswlanoxyegn and
2,6-dimethylphenol tg the reaction mixture in a mole ratio of 0.3:1 to 0.5:1; wherein the oxidatively

polymeriZig B ReERABMEHS) EhmiBHES s BAirPEEAGRR Y whier e PR oRUE GFad B oled to
maintain adBmpezatisre ab2oular 3G ancha Sectndhtagenslwiicladbe «ddactioniniiureus heated to
maintain a temperature Q to »wherein the method excludes a solvent removal step between
the termi R A et s B e e TS SR e G T gherylone
ether); whdreirs¢iof ©hélstibratoixtdr thisvalagntbthe ditid aredmbevadurecofdibue 556 fordly to 70 minutes;
wherein t%@&g@ﬂ%m&g&gyg@ﬁ@@%ﬁg& ' g@é& is conducted at a temperature of 45

to 55C; wherein time elapsed between termination of the oxidative polymerization and isolating the
poly(2,6- dimethiPI Wl brepg ripkogimE is B0 (6 O pighLRE 3 viareiyinbep® kit do 10 weight
poly(2,6-dignednty kbA-inbanyiens efaph hagkaniunikes RYeTads meleckiarmeight:qf @LQH to 35,000

atomic mass units and 16 tg 20 weight percent of molecules having a molecular weight less than
30,000 atb¥nfemSELthRE 2 &rl Pefiod 30615EN5 SR/E B dimethy1-1,4-phenylene ether) has a
copper concentr@¥on] ah Gdmtoempadismpat, nilion oy weighineriz4006 2 dotipadiment 26: A

poly(2,6-o(|3' ethyl-1 45990%@ rIl%g}]e %hesrga[pgde E}/%thgxn&?thod of a@/dof,emb d'rQ nts 1-25. [0063]
Embodimént 2 :”AZ?ﬂ)er corhprising the p“gly(f, -dime y?ﬂlﬁt)-i%tﬁ%ny eher et lé#) 961id 6f embodiment
26. [0064¢ Envooktihie masakre dricteddormprisivg . thiel pokyené-(imathy bl pvery teliehether) solid
of embodiigal&fim ve.OAOHERLANBUNEL LR A RO FIMA Phitd HIGDVCRE RlligHY polid having

a number average molecular weight of at least 18,000 atomic mass units, and less than 30 weight

percent of A%SEBHf€acHETTgE I SRR SCRIE N st tHh S0 o0 Hiophitoimds tntescificalboe6)
EmbOdim@(ﬂlEcﬁ@@"@h?ﬁﬁhé&a@&%ﬁ&@%m&&‘ﬁh@éﬁ/@@@e@&ﬁ@@ ﬁma@fg%%m%b%%mhagﬁng ﬁ copper
concentration less than gr. eq 0 5 parts per million by weight. 7] Embodiment 31: The
poly(2,6-6%‘?3{?1?1‘%;‘295%5?/%%%; ’e%eéffg%ﬁa %#n‘@rﬁég iR CPELT ?ﬁg\}%aoa%umber average
molecular weighi0of @IRgerid:350AGR-aimniie ras®Huniiadilicie Adweight percesiiatmatesules having
a molecular weight less;than 30,000 atomi nits,.and a copper_concentration of 0.5 to 5 parts
por milior EaoruRe - T day ROk S SR RS Sane ERERIARL
poly(2.6-dimmeikaing otighierefehanetiratjgolidaef vy dhleitibadireahtd 20t3250 mifees9] Embodiment
33: An artigle cmprising, the)Relyid8-dimethy1-1,4-phenylene ether) solid of any of embodiments
29-31. [0070&#9mb0diment 34: The article of embodiment 33, wherein the article is an asymmetric
hollow fiber merfiftaflele mato¢ fpEiabermrEmsdte AepnbcepRatiessparatise comprising the

asymmetiiclholovafibeirnemby apa-eframhadimentidd mix R0 7M. The-inentionin fedhgtdlustrated by
' MPARATIVE EXAMPLES 1-3  [0073]

the followi on-limiting examples. EXAMPLES 1-2, C

These exIES T Pl BTBRUR B B Ay T2 BYERE RS TBLRES ariables
including beedpproentageotddial2Gidmvathydple pglrpfesenat inutieasadatbganmixture when the
polymerization i%dﬁité?tgﬂe}tgﬁeti%g L vt\{ghcheég%rem ix%ﬂ%eru Etﬂ%zb& din?)etgyltggenol is added to the
reaction mixture, the molar ratio o ,éq-cﬁmetﬁy p

11715 . .
thenol to catalyst MEtalin the reaction mixture, the

molar ratiBobYrasaeiiptcabyshim sarglistrdriapie theo atriipa apticer nixiubas tseqapbtion Mixture
temperatigsiiurng theruild andannont siage sedhftatakieacHas Hime.dheine Retween

termination of the polymerization reaction and the start of precipitation, and the time between
terminatio'B & Py mRiEA Ao HEAE RS hitt e KBBIBSIT 8F frelisRaiaimbodifesisthene general
reaction pragesiue: wasuas dofowssiAnpencentags «f foeitodal @ Srdimethylphearintwhich has a purity of
99.86%), as specified in Table I, is.dissplved,in toluene in a reaction vessel. To the resulting

2 o-cimb Ol B o B ST CLAEE Tere T FRMS SErRER 24 B 0SB o (a
solution that is 6.5 weight percent copper), N,N'-dibutylethylenediamine (DBEDA; added as an
approximately 25-28 weight percent solution in toluene), dimethylbutylamine (DMBA), di-n-butylamine
(DBA), and didecyl dimethyl ammonium chloride. The molar ratio of total 2,6-dimethyl phenol to copper
is specified in Table 1, as is the molar ratio of DBEDA to copper. The reaction is conducted as a
semi-batch process with the continuous addition of 2,6-dimethylphenol over a period of time, and

oxygen is added at a fixed rate (specified in Table 1) relative to the rate of 2,6- dimethylphenol
additinn (Thice fived rate nf ovvvaen addition ic maintainead 11intil the reactionNn neare combnletinn ac



[0075] The reaction mixture is then pumped out of the reaction vessel into a vessel containing
additional water. The resulting mixture is mixed for a specified time, then separated via liquid-liquid
centrifugation to yield a poly(2,6-dimethy1-1,4-phenylene ether) solution and an aqueous phase. The
poly(2,6-dimethyl1-1,4-phenylene ether) solution thus obtained is combined with antisolvent to |
precipitate,the poly(2,6-dimethy1-1.4-phenylene ether) as a powder. Typical precipjtation conditions
e uols SOSR iL AiEy Foeb? IS 18 SO T o AL RISRRY
poly(2,6-dipheth§timahyhé ryievéhesshcémtreidptioh Bab0wreightydessbatibydraightratio of

antisolvent iaRAKA Sscimetixis ARS8 1S,6HPG SOIIANALAR QAR @ lisuprecipitation

tank and 1.7:1 to 2:1 in a second precipitation tank. The precipitated poly(2,6-dimethy1-1,4-phenylene
ether) poWder f8ast afaigassamifiestibn Yol oméaiy v ¢y eiddddrshanprgitle Powder with antisolvent

?nd sepaeaﬁig;giﬁm@naﬁvlgeehgxﬂttb%@iﬁﬁiﬁaﬁ)ﬂ%&fékt@@ﬂ%@ﬂaeﬁhlﬁcﬁ@aﬁaﬁg@@ﬂab' ' 3tfi®nﬁset§mime whenfa
irst portion of t 0 -dimethy1-1.4-phenylene ether) solution is combined with a first portion o
tho antisV T TR AAA o7 BTN BITE (16 R B AN S ST ESh G o bral e
poly(2,6-dindithmthidndeptie (endoeitee iy sol i o g« ambinadivih dieatast pattian10h antisolvent. The
time elapsed between the end of reaction and.start recipitation_is,noted, as.is the time elapsed
petwoen SL Ao O A SR A L e U B IRIRG IS OF RS

poly(2, a-mmmnﬁmm@@mimﬁ@t)amwmﬁﬁw needfer Eﬁ’@&mﬂiﬁt@ﬂ;aﬂimﬁhdoaﬁnospheric
pressure,sing i6am, ahdMLERgeid Q Ryshianay MsdUERR MAPRSSo BhgRlpsieryiscosity of the

isolated powder ("powder V") was measured by dissqlvné% a sample of the isolated powder in toluene
and analyZiF§Hygereeyhiuatbrreridhatdytaompactrseisairrorttie Widsonsds (leridveforaction”)
sample. coppldQd@leMrmhen e rgermalaciharweighi-and wridbtavensgenaieeyiar aveight were
determined b | permeation chromatography as follows. The gel permeation chromatograph is
calibratec BT Gl PO S era B L eGP Rl R TG B EENBE ey
spanning thangleouigrhaeigint tange ofi8 06:tof 116 AR gramsimolthid kepealivneepsed were 1e3
and 1le5 angstrom Plgel columns wi icroliter..1 strom-PLgel guard col

Chromatocéjgaap %n%/v%tsgg%m lﬁ%ter Sa\{it!%%%.%Igge’gﬁiféﬁcﬁlgﬁ?ﬁv%ﬁbﬁgrtm With ‘6%%%8 per million
by weightldPrnbtigsioimeaiThiar torchiohiemsx R rnililessS e tvmauterel fwadheciorewavelengths

were 254 panometers donpalyshweng iandards) and S8Ruanomeleis Rl « the tme at
poly(2,6-d|methy1-1,4-phert1glene ether)). A third degree polynomial function is fitted through the

calibratior’BtTh PP Biaatsgts 104 pisani ehes ettt 3RifiStes are prepared by dissolving 0.27
grams poly(2,6-gimethitlsdatt- ahieiiase the dosalidiiy 42 mililitersnelupae- Arbthaisroliter sample of
the resulting §olutiont IS itng'efcted info trtl.e chr.ortgato raﬁ)h. The values of number average molecular
weight (I\/I”ﬁj 55%%7‘9%%%?5%%& &&3@3&?%@6%%% Yare %@f&lﬂfgﬁe SR TR TR red signal using
the polystyreniercalibnatioritine. abheovals@staredls ebpientlydjosirer thed fropepolystindne molecular
weight to | -di phen: [ I rveigh ' ormula: M(PPO) =
03122 x W B ey A e .
2,6-dimethyiphiaing haosyltiogHenpsighrpardenedristaroveibimden Wpleenchindiglijigtesent in the
reaction mixturg, "Addition time (min)" is the time in minutes over which the remainder of
2,6-dimethylphenol is added; "2,6-dimethyI{JhenoI:Cu mole ratio” is the molar ratio of total

2,6-dimethylphe Y Ly pisis: torseskeesalis 6 ARSRS Fane PRt ITORINALNG e oxidative

N,N'-di-tepobuityleihydenediasingd ecoppg thé Qupges-2ibrdinetyiphenalieeddnolesatiocs is the molar
ratio of mqlecular oxygen.to 2 6-dimethylphenol fed to. the reaction mixture during the addition of the
remainderg%sflf, < ?méé%%(}ﬁﬁé’ﬁo‘i?ngﬁf%x '?E%%%’ré?a?}ee?&%igat@% taen%%"r"i"éi’f‘ucrf:elfL {iERs rset%@ centigrade at
which thebataetiothmixtaresisigmtio taimed duridgntheouid pidase sbihmnpehetiohy(ZTetiimbgtion time
(ruin)" is the 1 e in mi ‘ inmi rization I jon
(introducti%% %li?egl%% eé n&t%ltl '3@5@%@?&%@2@ %r‘%%ﬁ%ggg%ﬁgﬁ%%ﬁg%ﬂ?zﬁ%ﬁ I%‘éﬁfltlg n (termination
of oxygenue e sheahenraar tem v dirpgihy pLér Hhsperatgre (Byrsisatersémperature in degrees
centigrade @ which hesnmbines-rretionmbgura aadighalant selption e taissddsfers being
pumped out of the reactor into a vessel with additional water; "Total chelation time (min)" is the
elapsed tE DR intAimG ol 6 R E REIEH SBTER N 1A AR SBUAEPMAi at8 Peaction mixture
and completisig pepangtionctidiie combinedheactiont naixtureecialaln sallgior; gngactditional water into
a poly(2,6-dimethyl-1.4-phenylene, ether) solution n agueous phase;."Time to start precipitation
(min)"is't %Sgeqé)ﬁls%gl%[?%le%lﬁﬁnﬁ%ehse é&fgi(—:‘gﬁq[%etfﬁ%%d?%%eglﬁﬁv&éggrti%érllu}éoalllétion and the time
when a first portion of the poly(2,6-dimethy1-1,4- pg1enylene ether) solution is combined with a first
portion of the antisolvent; "Time to end of precipitation (mm)" is the elapsed time in minutes between
the end of precipitation and the time when the last portion of the poly(2,6-dimethy1-1,4-phenylene
ether) solution is combined with the last portion of antisolvent; "End of reaction 1V (dLig)" is the intrinsic
viscosity, expressed in deciliters per gram, of the poly(2,6-dimethy1-1,4-phenylene ether) at the end of

the polymerization reaction; "Powder IV (di /g)" is the intrinsic viscosity, expressed in deciliters per
aram of the finallvy ienlated naolvi(? G-dimethv1-1 A-thenviene atharl nowder (1 e the nrodriet of the



Addition time (mm) 45 45 45 58 58 2,6-dimethylphenol:Cumole ratio 114:1 108:1 108:1 101:1 101:1
DBEDA:Cu mole ratio 1.83 1.74 1.74 1.74 1.78 Oxygen:2,6-dimethylphenol feed mole ratio 0.39:1
0.39:1

[0021] In addition to polymerization and chelation steps, the method includes
isolating the poly(2,6-dimethyl-1,4-phenylene ether) from the separated organic phase.
Isolation methods that avoid exposing the separated organic phase to elevated temperatures —
such as precipitation — are preferred. In some embodiments, the method excludes any step,
such as devolatilizing extrusion, that exposes the poly(2,6-dimethyl-1,4-phenylene ether) to a
temperature above its glass transition temperature. When the isolation method comprises
precipitation, the separated organic phase is combined with an antisclvent. Suitable
antisolvents include C;-Cy alkanols, C3-C)p ketones, Cs-C1; alkanes, and mixtures thereof,
The antisolvent may, optionally, further comprise water, a C¢-Cy2 aromatic hydrocarbon (such
as benzene, toluene, or xXylene), or both.

{0622} In some embodiments, isolating the poly(2,6-dimethyl-1,4-phenylene ether)
from the separated organic phase comprises mixing in a first stirred tank the separated organic
phase and a first portion of antisolvent to produce a first poly(2,6-dimethyl-1,4-phenylene
ether) slurry; and mixing in a second stirred tank the first poly(2,6-dimethyl-1,4-phenylene
ether) slurry and a second portion of antisolvent to produce a second poly(2,6-dimethyl-1,4-
phenylene ether) slurry. The separated organic phase can, optionally, comprise 6 to 10 weight
percent poly(2,6-dimethyl-1,4-phenylene ether). In some embodiments, the first portion of
antisolvent and the second portion of antisolvent each independently comprise 75 to 85
weight percent methanol and 15 to 25 weight percent toluene, In some embodiments, the
weight ratio of the separated organic phase to the first portion of antisolvent is 1.5:1 to 2:1;
and wherein the weight ratio of the first poly(2.6-dimethyl-1.4-phenylene ether) shurry to the
second portion of antisolvent is 0.9:1 to 1.2:1. In some embodiments, the mixing in a first
stirred tank and the mixing in a second stirred tank are each independently conducted at a
temperature of 45 to 55°C. In some embodiments, the mixing in a first stirred tank and the
mixing in a second stirred tank are characterized by a total mixing energy of less than or egual
to 4 kilojoules per kilogram, specifically 0.1 to 4 kilojoules per kilogram, more specifically
0.2 to 3 kilojoules per kilogram, still more specifically 0.2 to 2 kilojoules per kilogram, even
more specifically 0.2 to 1 kilojoule per kilogram, yet more specifically 0.3 to 0.5 kilojoule per
kilogram. The total mixing energy can be determined by measuring the energy consumption
of the stirring device and dividing the energy consumption by the corresponding material
throughput.

[0023] In a very specific embodiment, precipitation is performed in two stirred tanks
in series. In the first stirred tank the separated organic phase (6-10 weight percent poly(2,6-
dimethyl-1,4-phenylene ether)) is mixed with a first portion of antisolvent (75-85 weight
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0.39:1 0.57:1 0.57:1 Build temperature (C) 46 46 46 46 40 Total reaction time (mm) 130 130 130 145
207 Pump-out temperature (C) 60 60 60 50 50 Total chelation time (min)

percent methanol and 15-25 weight percent toluene) to produce a first slurry, In the second
tank the first shurry is mixed with an additional portion of antisolvent (75-85 weight percent
methanol and 15-25 weight percent toluene). The first stirred tank can have an agitator with
three sets of 4-blade turbines, 3.7 kilowatts stiring power, a residence time of about 30
minutes (thus a stirring epergy input of 6.7 megajoules), and a methanol concentration of
about 30%. The second stirred tank can have an agitator with one 4-blade turbine, 2.2
kilowatts stirring power, a residence time of about 15 minutes {thus a stirring energy input of
2.0 megajoules), and a methanol concentration of about 55 weight percent. The first and
second stirred tank can each be maintained at a temperature of about 50°C.

[0024] The method requires that the time elapsed between termination of the
oxidative pelymerization and isolating the poly(2,6-dimethyl-1,4-phenylene ether) is no more
than 200 minutes. In some embodiments, that tirne is 30 to 200 minutes, specifically 30 to
100 minutes, more specifically 30 to 60 minutes.

[0025] An important advantage of the method is that it produces an isolated
poly(2,6-dimethyl-1,4-phenylene ether) solid having a number average maolecular weight of at
least 18,000 atomic mass units. In some embodiments, the number average molecular weight
is 18,000 to 100,000 atomic mass units, specifically 19,000 to 70,000 atomic mass units,
more specifically 20,000 to 40,000 atomic mass wunits, even more specifically 20,000 to
35,000 atomic mass units.

[0026] In scme embodiments, the isolated poly(2,6-dimethyi-1,4-phenylene ether) has
a weight average molecular weight of at least 150,000 atomic mass units, specifically 150,000
to 400,000 atomic mass units, more specifically 170,000 to 300,000 atomic mass units, still
more specifically 200,000 to 250,000 atomic mass units, yet more specifically 200,000 to
230,000 atomic mass units,

[0027] Another important advantage of the method is that it produces an isolated
poly(2,6-dimethyl-1,4-phenylene ether) having less than 30 weight percent of molecules
having a molecular weight less than 30,000 atomic mass units, In some embodiments, the
weight percent of molecules having a molecular weight less than 30,000 atomic mass units is
10 to 30 weight percent, specifically 15 to 27 weight percent, more specifically 16 to 20
weight percent.

[0028] The desirable molecular weight distribution of the isolated
poly(2,6-dimethyl-1,4-phenylene ether) is, in part, a consequence of reducing the change in
molecular weight distribution that would occur in the chelation and pre-concentration steps of

conventional processes. Thus, in some embodiments, a difference {reduction) in intrinsic
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80 80 80 <30 <30 Time to start of precipitation (min) 650 420 360 200 60 Time to end of precipitation
(min) 800 580 540 410 240 End of reaction IV (dig) 1.68 2.05 2.05 1.91

viscosity less than or equal to 25 percent is observed between the dissolved poly(2,6-
dimethyl-1,4-phenylene ether) and the isolated poly(2,6-dimethyl-1,4-phenylene ether).
Specifically, the difference in intrinsic viscosity can be 10 to 25 percent, more specifically 10
to 20 percent, still more specifically 11 to 15 percent. In absolute terms, the difference in
intrinsic viscosity can be less than or equal to 0.30 deciliters per gram between the dissolved
poly(2,6-dimethyl-1,4-phenylene ether) and the isolated poly(2,6-dimethyl-1,4-phenylene
ether). Values of the difference in intrinsic viscosity are presented in Table 1 in the row
labeled “IV drop (%)”. For instance, Example 2 exhibits a difference in intrinsic viscosity of
100x(1.84 - 1.64)/1.84 = 11%.

[0029] Similarly, in some embodiments, a difference in weight percent of molecules
having a molecular weight less than 30,000 atomic mass units less than or equal to 25 weight
percent is observed between the dissolved poly(2,6-dimethyl-1.4-phenylene ether) and the
isolated poly(2,6-dimethyl-1,4-phenylene ether). Specifically, the difference in weight
percent of molecules can be 5 to 25 weight percent, more specifically 8 to 20 weight percent,
even more specifically 9 to 15 weigh percent. As an illustration of this metric, consider the
data for Example 2 in Table 1, below. For the dissolved (*“end of reaction™) poly(2,6-
dimethyl-1,4-phenylene ether), the weight percent of molecules having a molecular weight
less than 30,000 atomic mass units is 5.9%, and for the isolated poly(2,6-dimethyl-1,4-
phenylene ether), the weight percent of molecules having a molecular weight less than 30,000
atomic mass units is 16.2%, so the difference is 16.2% - 5.9% = 10.3%.

[0030] An unexpected advantage of the method is that the isolated
poly(2,6-dimethyl-1.4-phenylene ether) has a Iow restdual copper concentration, even though
the time and temperature of the chelation step are reduced substantially compared to
conventional commercial methods. Thus, in some embodiments, the isolated poly(2,6-
dimethyl-1,4-phenylene ether) has a copper concentration less than or equal to 5 parts per
million by weight, specifically 0.1 to 5 parts per million by weight, more specifically 0.5 to 5
parts per million by weight, even more specifically 0.5 to 3 parts per million by weight, yet
more specifically 1 to 3 parts per million by weight.

[0031] In some embodiments, the oxidative polymerizing comprises initiating
oxidative polymerization in the presence of 1 to 3 weight percent of the 2,6-dimethylphenol;
at [east 07 weight percent of the 2,6-dimethylphenol is added to the reaction mixture after the
initiation of oxidative polymerization and over the course of 55 to 65 minutes; the oxidatively
polymerizing comprises adding molecular oxygen and 2,6-dimethylphenol to the reaction

mixture in a mole ratio of 0.3:1 to 0.5:1; the oxidatively polymerizing 2,6-dimethylphenol
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1.84 Isolated powder 1V (dL/g) 1.05 1.42 1.37 1.55 1.64 IV drop (%) 38 31 33 21 11 End of reaction
Mr, (AMU) 88,000 = 93.000 75,000 Isolated powder MT, (AMU) 14,000

comprises a first stage in which the reaction mixture is cooled to maintain a temperature of 20
to 30°C, and a second stage in which the reaction mixture is heated to maintain a temperature
of 30 to 40°C; the method further comprises maintaining the reaction mixture at a temperature
of 45 to 50°C after terminating the oxidative polymerization and before combining the
chelant with the post-termination reaction mixture; the method excludes a solvent removal
step between the terminating the oxidative polymerization and the isolating the poly(2,6-
dimethyl-1,4-phenylene ether); the chelation mix ture is maintained at a temperature of 45 to
55°C for 40 to 70 minutes; the separating the aqueous phase and the organic phase is
conducted at a temperature of 45 to 55°C; the time elapsed between termination of the
oxidative polymerization and isolating the poly(2,6-dimethyl-1,4-phenylene ether) is 30 to 60
minutes; the isolated poly(2,6-dimethyl-1,4-phenylene ether) has a number average molecular
weight of 20,000 to 35,000 atomic mass units and 16 to 20 weight percent of molecules
having a molecular weight less than 30,000 atomic mass units; and the isolated poly(2,6-
dimethyl-1,4-phenylene ether) has a copper concentration of 0.5 to 5 parts per million by
weight.

[0032] One embodiment is a poly(2,6-dirnethyl-1,4-phenylene ether) solid having a
number average molecular weight of at least 18,000 atomic mass units, and less than 30
weight percent of molecules h.aving a molecular weight less than 30,000 atomic mass units.
Specifically the number average molecular weight can be 18,000 to 100,000 atomic mass
units, more specifically 19,000 to 70,000 atomic mass units, still more specifically 20,000 to
40,000 atomic mass units, yet more specifically 20,000 to 35,000 atomic mass units, And the
weight percent of molecules having a molecular weight less than 30,000 atomic mass units
can be, specifically, 10 to 30 weight percent, more specifically 15 to 27 weight percent, still
more specifically 16 to 20 weight percent. In some embodiments, the poly(2,6-dimethyl-1,4-
phenylene ether) solid has a copper concentration less than or equal to 5 parts per million by
weight, specifically 0.1 to 5 parts per million by weight, more specifically 0.5 to 5 parts per
million by weight, even more specifically 0.5 to 3 parts per million by weight, yet more
specifically 1 to 3 parts per million by weight.

[0033] One embodiment is a poly(2,6-dimethyl-1,4-phenylene ether) solid having a
number average molecular weight of 20,000 to 35,000 atomic mass units, 16 to 20 weight
percent of molecules having a molecular weight less than 30,000 atomic mass units, and a
copper concentration of 0.5 to 5 parts per million by weight.

[0034] The poly(2,6-dimethyi-1,4-phenylene ether) solid is particularly useful for

forming fibers, especially hollow fibers for use in asymmetric hollow fiber membranes.
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19,000 33,000 Isolated powder M", (AMU) 133,000 209,000 228.000 End of reaction IVIJIMn 2.5 2.9
3.4 Isolated powder MaM" 9.5 11.0 6.9 End of reaction wt% <30,000 (%)

Techniques for preparing asymmetric hollow fiber membranes comprising polyphenylene
ethers are known in the art and described in, for example, J. Smid, J. H. M. Albers, and A. P,
M. Kusters, Journal of Membrane Science, volume 64, pages 121-128 (1991), and U.S. Pat.
Nos. 3,852,388 to Kimura, 4,486,202 to Malon et al., 4,944,775 to Hayes, 5,181,940 to
Bikson, 5,215,354 to Kramer et al., and 7,229,580 to Yuan. Another embodiment is a fluid
separation apparatus comprising an asymmetric holiow fiber membrane comprising the
poly(2,6-dimethyl-1,4-phenylene ether) solid. For example, the fluid separation apparatus can
be used to separate oxygen from air. Techniques for constructing fluid separation apparatuses
comprising asymmetric hollow fiber membranes are known in the art and described in, for
example, U.S. Patent Nos, 5,679,133 to Moll et al., and 5,779,897 to Kalthod et al.

{0035] The poly(2,6-dimethyl-1,4-phenylene ether) is also useful for forming other
articles, such as pipes, condnits, and other extruded profiles for use in construction of
building interiors. The compositions used to form such article may comprise, in addition to
the poly(2,6-dimethyl-1,4-phenyiene ether), a poly(alkenyl aromatic), a polyolefin, a
polyamide, a polyester, or a combination thereof, as well as various additives known in the
thermoplastic arts. Articles can be prepared using fabrication methods known in the art,
including, for example, single layer and multilayer foam extrusion, single layer and multilayer
sheet extrusion, injection molding, blow molding, extrusion, film extrusion, profile extrusion,
pultrusion, compression molding, thermoforming, pressure forming, hydroforming, vacuum
forming, foam moiding, and the like. Combinations of the foregoing article fabrication
methods can be used. |

[0036] The invention includes at least the following embodiments.

[0037] Embodiment 1: A method of preparing a poly(2,6-dimethyl-1,4-phenylene
ether), comprising: oxidatively polymerizing 2,6-dimethylphenol in toluene solvent in the
presence of a catalyst comprising copper ion and N,N’-di-fers-butylethylenediamine to form a
reaction mixture comprising a dissolved poly(2,6-dimethyl-1,4-phenylene ether), water, and
the catalyst; wherein the oxidative polymerizing comprises initiating oxidative
polymerization in the presence of no more than 10 weight percent of the 2,6-dimethylphenol;
wherein at least 95 weight percent of the 2,6-dimethylphenol is added to the reaction mixture
after the initiation of oxidative polymerization and over the course of at least 50 minutes;
wherein the oxidatively polymerizing comprises adding molecular oxygen and
2,6-dimethylphenol to the reaction mixtare in a mole ratio of 0.3:1 to 0.65:1; terminating the
oxidative polymerization to form a post-termination reaction mixture; combining a chelant

comprising an alkali metal salt of nitrilotriacetic acid with the post-termination reaction

11



5.2 5.0 5.9 Isolated powder wt% <30,000 (%) 42.1 26.4 16.2 COMPARATIVE EXAMPLES 4-18
100791 These experiments were conducted on a laboratory scale and are intended to isolate the
effects of individual process variables. All reaction mixtures included 270 grams of 2,6-dimethylphenol
and 3.200 grams of toluene. The addition time for 2,6-dimethylphenol was always 45 minutes. During

the build %}%?ﬁ otfO ttfwe reac tie n Ooxgﬁ%?grgoncerhtglatiog\nvga%mai tained at 10 voIH % Bercent. After 130
minutes of TeACHioN (At the Snd of the Build pHASE]S GXyUER HOW S T TREEHEF WAL SO BHES" Then, the
temperatues.cithanregetiorrhabet oo praship Sre dsed e Gy &h d-ditrisbyliim-piteileteimostate solution was

added to lielale #1e-0RRSK AATANELAIEE 30 MINISAGL BU11IRG, BLOACMNSMie, WA centifuged

t
for 50 minutes at 70C to separate the aqueous and organic phases. The poly(2.6-dimetiiy1-1,4-

phenylenéh&HEipipasHeEhtbtderBFEoHbNIA theSokgimie shE¥bminetenerarsingriisolvent, and the
resulting pehd=:6pimethy 1l d-pherpiens gihennawdgrwasfileshand digdayrrpghtat 135C.

[0080] In Table 2, "Catalyst (g)" refers tg the weight, in grams, of the cuprous oxide solution described
above: "D@éﬁg\s(&)}@f@féﬁr@‘fﬂnﬁ@%‘?@ﬁ%’ﬁﬁ%}”&fﬂ&?ﬁﬂﬁﬁ?ﬁ%}l@ﬂ@d@ﬁﬁ&é{mﬁ%A (g)" refers to
the weightriageams.cohdeRibubylaamipe:d BvEen(g) nieielsntothe watghkdpasamasafion and

dimethyl-n-butylarnine;." en flo LIM)" refers to the oxygen flow Jate, in standard liters per
minute, into #}eél etg% 8#@:@%@8%%5%3@%%? ngr%&lSWalssgoo 6 Teac |onr;mE§<t8§h%? n temperature
(C)" is thewtberme thturelatewpidh tfediormttivinl ixheareylsnmetint s heda(visnbeotiveg h ginmiogpthiarexotherm

Phase of (16 £eAGTealpeltiB ROMILShMuMs Bdhe.LaISPRE] gtﬁ%éwﬂg&te@msgage molecular

weight divided by number average molecular weight) of the isolat oly(2,6-dimethy1-1,4- phenylene
ether) poWdgng a meosiey Aihsiesotine 308U RIPth e Bf examples summarized in the first part

of Table 2 reveajsdbgyt higheneasd-of-rercHembAttNsitpIsERSIe SWAe-aasRcaladauithiQWEer oxygen
flow rates and lower temperatures during the exotherm phase. Analysis of the group of examples

summariZES AT RECLEES A P AL RS ARTES STIRESHOF D PP RV D SRR A WISH 8198 #(F:0f -reaction
intrinsic vistastieseaik askocidiedivikhighericatalystcomcemtrationtsn\malyisaef thegioup of
examples summarized in the third part (the second continuation) of Tahle 2 revealed no statistically
significanf%%?‘r% %ﬁb%t etwe 12%51 20 Ffe%%gﬁy% rlﬁlgi%aygsé%}éﬁtle%r%)n %E?E ﬁ?ﬁr%%oéecgﬂ%entration.
Table 2 Cuigfrds Gierf5 C. EX. 6

[0039] Embodiment 3: The method of embodiment 1 or 2, wherein the oxidatively
polymerizing 2,0-dimethylphenol comprises a first stage in which the reaction mixture is
cooled to maintain a temperature of 10 to 35°C.

[0040] Embodiment 4: The method of embodiment 3, wherein the oxidatively
polymerizing 2,6-dimethylphenol comprises a second stage in which the reaction mixture is
heated to maintain a temperature of 20 to 50°C.,

* [0041] Embodiment 5: The method of any of embodiments 1-4, wherein the total
weight of 2,6-dimethylphenol is 5 to 10 weight percent based on the total weight of
2,6-dimethyiphenotl and toluene solvent.

[0042] Embodiment 6: The method of any of embodiments 1-5, wherein the
combining a chelant with the post-termination reaction mixture to form a chelation mixture
comprises combining the post-termination reaction mixture with an aqueous solution of the
chelant, adjusting the temperature of the resulting mixture to 40 to 55°C, and combining the
resulting temperature-adjusted mixture with water to form the chelation mixture,

[0043] Embodiment 7: The method of any of embodiments 1-6, excluding a solvent
removal step between the terminating the oxidative polymerization and the isolating the

poly(2,6-dimethyl-1,4-phenylene ether).
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C.Ex. 7 C. Ex. 8 C. Ex. 9 C. Ex. 10 Catalyst (g) 27.3 34.1 27.3 27.3 27.3 27.3 27.3 DBEDA (g) 8.4
10.58.4 8.4 8.4 8.4 8.4

[0044] Embodiment 8: The methoed of any of embodiments 1-7, wherein the isolating
the poly(2,6-dimethyl-1,4-phenylene ether) from the separated organic phase comprises
mixing in a first stirred tank the separated organic phase and a first portion of antisolvent to
produce a first poly(2,6-dimethyl-1,4-phenylene ether) slurry; and mixing in a second stirred
tank the first poly(2,6-dimethyl-1,4-phenylene ether) slurry and a second portion of
antisolvent to produce a second poly(2,6-dimethyl-1,4-phenylene ether) slurry.

[0045] Embodiment 9: The method of embodiment 8, wherein the separated organic
phase comprises 6 to 10 weight percent poly(2,6-dimethyl-1,4-phenylene ether).

[0046] Embodiment 10: The method wof embodiment 8 or 9, wherein the first portion
of antisolvent and the second portion of antisolvent each independently comprise 75 to 85
weight percent methanol and 15 to 25 weight percent toluene.

[0047] Embodiment 11: The method of any of embodiments 8-10, wherein the
weight ratio of the separated organic phase to the first portion of antisolvent is 1.5:1 to 2:1;
and wherein the weight ratio of the first poly{2,6-dimethyl-1,4-phenylene ether) slurry to the
second portion of antisolvent is 0.9:1 to 1.2:1.

[0048] Embodiment 12; The method of any of embodiments 8-11, wherein the
mixing in a first stirred tank and the mixing in a second stirred tank are each independently
conducted at a temperature of 45 to 55°C.

[0049] Embodiment 13: The method of any of embodiments 8-12, wherein the
mixing in a first stirred tank and the mixing in a second stirred tank are characterized by a
total mixing energy of less than or equal to 4 kilojoules per kilogram.

[0050] Embodiment 14: The method of any of embodiments 1-13, wherein the
isolated poly(2,6-dimethyl-1.4-phenylene ether) has a weight average molecular weight of at
least 150,000 atomic mass units.

[0051] Embodiment 15: The method of any of embodiments 1-14, wherein the
isolated poly(2,6-dimethyl-1,4-phenylene ether) has a weight average molecular weight of
150,000 to 230,000 atornic mass units,

[0052] Embodiment 16: The method of any of embodiments 1-15, wherein a
difference in intrinsic viscosity less than or equal to 25 percent is observed between the
dissolved poly(2.6-dimethyl-1,4-phenylene ether) and the isolated poly(2,6-dimethyl-1,4-
phenylene ether).

[0053] Embodiment 17: The method of any of embodiments 1-16, wherein a

difference in intrinsic viscosity of 10 to 25 percent is observed between the dissolved
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DBA (g) 11 11 11 11 11 11 11 DMBA (g) 87 87 115 87 87 87 87 Initial 2,6-dimethylphenol (wt%) 10 10
10 10 0

poly(2,6-dimethyl-1,4-phenylene ether) and the isolated poly(2,6-dimethyl-1,4-phenylene
ether). .

[0054] Embodiment 18: The method of any of embodiments 1-17, wherein a
difference in intrinsic viscosity less than or equal to 0.30 deciliters per gram is observed
between the dissolved poly(2,6-dimethyl-1,4-phenylene ether) and the isolated
poly(2,6-dimethyl-1.4-phenylene ether).

[0055] Embodiment 19: The method of any of embodiments 1-18, wherein a
difference in weight percent of molecules having a molecular weight less than 30,000 atomic
mass units of less than or equal to 25 weight percent is observed between the dissolved
poly(2,6-dimethyl-1,4-phenylene ether) and the isolated poly(2.6-dimethyl-1,4-phenylene
ether). '

{0056] Embodiment 20: The method of any of embodiments 1-19, wherein a
difference in weight percent of molecules having a molecular weight less than 30,000 atomic
mass units of 10 to 25 weight percent is observed between the dissolved poly(2,6-dimethyl-
1,4-phenylene ether) and the isolated poly(2,6-dimethyl-1,4-phenylene ether).

(0057] Embodiment 21: The method of any of embodiments 1-20, wherein the
isolated poly(2,6-dimethyl-1,4-phenylene ether) has a copper concentration less than or equal
to 5 parts per mitlion by weight.

[0058] Embodiment 22: The method of any of embodiments 1-21, wherein the
isolated poly(2,6-dimethyl-1.4-phenylene ether) has a copper concentration of 0.5 to 5 parts
per million by weight,

[0059] Embodiment 23; The method of any of embodiments 1-22, wherein the
catalyst further comprises dimethyl-n-butylamine, di-n-butylamine, or a mixture thereof.

[0060] Embodiment 24: The method of any of embodiments 1-23, ‘wherein the
catalyst further comprises dimethyl-n-butylamine and di-n-butylamine.

[0061] Embodiment 25: The method of embodiment 1, wherein the catalyst further
comprises dimethyl-n-butylamine and di-n-butylamine; wherein the oxidative polymerizing
comprises initiating oxidative polymerization in the presence of 1 to 3 weight percent of the
2,6-dimethylphenol; wherein at least 97 weight percent of the 2,6-dimethylphenol is added to
the reaction mixture after the initiation of oxidative polymerization and over the course of 55
to 65 minutes; wherein the oxidatively polymerizing comprises adding molecular oxygen and
2,6-dimethylphenol to the reaction mixture in a mole ratio of 0.3:1 to 0.5:1; wherein the
oxidatively polymerizing 2,6-dimethylphenol comprises a first stage in which the reaction

mixture is cooled to maintain a temperature of 20 to 30°C, and a second stage in which the

14



10 10 Oxygen flow (SLM) 0.66 0.66 0.66 0.66 0.40 0.40 0.66 Exothermtemperature (C) 25 25 25 10 25
25 25 End of reaction IV (dUg) 1.58 1.65

reaction mixture is heated to maintain a temperature of 30 to 40°C; wherein the method
excludes a solvent removal step between the terminating the oxidative polymerization and the
1solating the poly(2,6-dimethyl-1,4-phenylene ether); wherein the chelation mixture is
maintained at a temperature of 45 to 55°C for 40 to 70 minutes; wherein the separating the
agqueous phase and the organic phase is conducted at a temperature of 45 to 55°C,; wherein
time elapsed between termination of the oxidative polymerization and isolating the poly(2,6-
dimethyl-1,4-phenylene ether) is 30 to 60 minutes; wherein the isolated poly(2,6-dimethyl-
1,4-phenylene ether) has a number average molecular weight of 20,000 to 35,000 atomic
mass units and 16 to 20 weight percent of molecules having a molecular weight less than
30,000 atomic mass units; and wherein the isolated poly(2,6-dimethyl-1,4-phenylene ether)
has a copper concentration of 0.5 to 5 parts per million by weight.

[0062] Embodiment 26: A poly(2,6-dimethyl-1,4-phenylene ether) made by the
method of any of embodiments 1-25.

[0063] Embodiment 27: A fiber comprising the poly(2,6-dimethyl-1,4-phenylene
ether) solid of embodiment 26.

[0064] Embodiment 28: An article comprisirig the poly(2,6-dimethyl-1,4-phenylene
ether) solid of embodiment 26.

{0065] Embodiment 29: A poly(2,6-dimethyl-1,4-phenylene ether) solid having a
number average molecular weight of at least 18,000 atomic mass units, and less than 30
weight percent of molecules having a molecular weight less than 30,000 atomic mass units,

[0066] Embodiment 30: The poly(2,6-dimethyl-1,4-phenylene ether) solid of
embodiment 29, having a copper concentration less than or equal to 5 parts per million by
weight.

[0067] Embodiment 31: The poly(2,6-dimethyl-1,4-phenylene ether) solid of
embodiment 29 or 30, having a number average molecular weight of 20,000 to 33,000 atomic
mass units, 16 to 20 weight percent of molecules having a molecular weight less than 30,000
atomic mass units, and a copper concentration of 0.5 to 5 parts per million by weight.

[0068] Embodiment 32: A fiber comprising the poly(2,6-dimethyl-1,4-phenylene
ether) solid of any of embodiments 29-31.

[0069] Embodiment 33: An article comprising the poly(2,6-dimethyl-1,4-phenylene
ether) solid of any of embodiments 29-31,

[0070] Embodiment 34: The article of embodiment 33, wherein the article is an

~asymmetric hollow fiber membrane.
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1.67 2.05 1,92 1.98 1.34 Isolated powder IV (dL/g) 1.60 1.68 1.69 1.92 1.87 1.61 1.36 Isolated powder
Mw/M. 3.33.94.04.44.37.1 3.7 Table 2 (cont.)

[0071] Embodiment 35; A fluid separation apparatus comprising the asymmetric
hollow fiber membrane of embodiment 34,

[0072] The invention is further illustrated by the following non-limiting examples,
EXAMPLES 1-2, COMPARATIVE EXAMPLES 1-3 _

{0073] These examples illustrate variations in poly(2,6-dimethyl-1,4-phenylene ether)
process variables including the percentage of total 2,6-dimethylphenol present in the reaction
mixture when the polymerization is initiated, the time over which the remainder of the 2,6-
dimethylphenol is added to the reaction mixture, the molar ratio of 2,6-dimethylphenol to
catalyst metal in the reaction mixture, the molar ratio of oxygen to 2,6-dimethylphenol fed to
the reaction mixture, the reaction mixture temperatures during the build and pump-out stages,
the total reaction time, the time between termination of the polymerization reaction and the
start of precipitation, and the time between termination of the polymerization reaction and the
completion of precipitation.

[0074] The general reaction procedure was as follows. A percentage of the total
2,6-dimethylphenol (which has a purity-of 99.86%), as specified in Table 1, is dissolved in
toluene in a reaction vessel. To the resulting 2,6-dimethylphenol solution is added cuprous
oxide in 48 weight percent HBr aqueous solution (a solution that is 6.5 weight percent
copper), N,N’-dibutylethylenediamine (DBEDA; added as an approximately 25-28 weight
percent solution in toluene), dimethylbutylamine (DMBA), di-n-butylamine (DBA), and
didecyl dimethyl ammonium chloride. The molar ratio of total 2,6-dimethyl phenol to copper
is specified in Table 1, as is the molar ratio of DBEDA to copper. The reaction is conducted
as a semi-batch process with the continuous addition of 2,6-dimethylphenol over a period of
time, and oxygen is added at a fixed rate (specified in Table 1) relative to the rate of 2,6-
dimethylphenol addition, (This fixed rate of oxygen addition is maintained until the reaction
nears completion, as evidenced by a step increase in headspace oxygen concentration; at that
point, the rate of oxygen addition is decreased to maintain a headspace oxygen concentration
no greater than 17 volume percent.) The time of “initiating oxidative polymerization” is the
time at which oxygen is first introduced to the reaction mixture, All reaction mixtures had
total solids of 7.1 weight percent, where total solids is the weight percent of total
2,6-dimethylphenol relative to the sum of total 2,6-dimethylphenol and toluene solvent, The
initial phase of the reaction is exothermic, and cooling is used to maintain a reaction mixture
temperature of about 30°C. When the exothermic phase of the reaction is completed, the so-
called “build” phase of the reaction begins, and heating is used to raise the reaction mixture

temperature to the value specified in Table 1. The end point of the reaction is reached at a
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C. Ex, 11 C. Ex. 12 C. Ex. 13 C. Ex. 14 Catalyst (g) 21.9 14.6 21.9 14.6 DBEDA (g) 6.7 4.5 6.7 4.5
DBA (g) 11 11 11 11 DMBA (g) 87

fixed reaction time, e.g., 130 minutes, when the in-line viscosity reading indicates no further
molecular weight build is occurring. At this point, flow of oxygen to the reactor is ceased
(which terminates the polymerization reaction), oxygen in the headspace is removed (flushed
out), an aqueous solution of the chelant trisodium nitrilotriacetate (NasNTA) is added to the
reactor, and the temperature of the resulting mixture is adjusted to the so-called “pump-out”
temperature. At this time, a small sample of the reaction mixture is removed. The small
sample of the reaction mixture is diluted and analyzed by gel permeation chromatography to
determine its intrinsic viscosity (“‘end of reaction IV”). The end of reaction intrinsic viscosity
is determined using gel pefmeation chromatography as described below, using as calibration
standards different poly(2,6-dimethyl-1,4-phenylene ether) samples having known intrinsic
viscosities previously measured by Ubbelohde in chloroform at 25°C,

[0075] The reaction mixture is then pumped out of the reaction vessel into a vessel
containing additional water. The resulting mixture is mixed for a specified time, then
separated via liquid-liquid centrifugation to yield a poly(2,6-dimethyl-1,4-phenylene ether)
solution and an agqueous phase. The poly(2,6-dimethyl-1,4-phenylene ether) solution thus
obtained is combined with antisolvent to precipitate the poly(2,6-dimethyl-1,4-phenylene
ether) as a powder., Typical precipitation conditions include using a poly(2,6-dimethyl-1,4-
phenylene ether) solution with a poly(2,6-dimethyl-1,4-phenylene ether) concentration of
3-10 weight percent, a weight ratio of antisolvent to poly(2,6-dimethyl-1,4-phenylene ether)
solution of 0.5:1 to 0.6:1 in a first precipitation tank and 1.7:1 to 2:1 in a second precipitation
tank, The precipitated poly(2,6-dimethyl-1,4-phenylene ether) powder is isolated via
filtration followed by two cycles of slurrying the powder with antisolvent and separating the
powder with solid/liquid centrifngation. The start of precipitation is the time when a first
portion of the poly(2,6-dimethyl-1,4-phenylene ether) solution is combined with a first
portion of the antisolvent. The end of precipitation is the time when the last portion of the
poly(2,6-dimethyl-1.4-phenylene ether) solution is combined with the last portion of
antisolvent. The time elapsed between the end of reaction and start of precipitation is noted,
as is the time elapsed between the end of reaction and the end of precipitation. The isolated
poly(2,6-dimethyl-1,4-phenylene ether) powder is dried for 60-90 minutes at 180°C and
atmospheric pressure, using steam and nitrogen to flush away the toluene vapors. The
intrinsic viscosity of the isolated powder (“powder IV”) was measured by dissolving a sample
of the isolated powder in toluene and analyzing by gel permeation chromatography as

described for the dissolved (“end of reaction”) sample.
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87 87 87 Initial 2,6-dimethylphenol (wt%) 10 10 10 10 Oxygen flow (SLM) 0.53 0.40 0.40 0.53
Exotherm temperature (C) 15 15 15 15 EndofreactionlV (dUg) 2.15 1.78

[0676] Number average molecular weight and weight average molecular weight were
determined by gel permeation chromatography as follows. The gel permeation
chromatograph is calibrated using eight polystyrene standards, each of narrow molecular
weight, and collectively spanning a molecuié_r weight range of 3,000 to 1,000,000
grams/mole. The columns used were 1e3 and le5 angstrom Plgel columns with a 5 microliter

100 angstrom PLgel guard column. Chromatography was conducted at 25°C. The elution
liguid was chioroform with 100 parts per million by weight di-n-butylamine, The elution
flow was 1.2 milliliters per minute. The detector wavelengths were 254 nanometers (for
polystyrene standards) and 280 nanometers (for poly(2,6-dimethyl-1,4-phenylene ether)). A
third degree polynomial function is fitted through the calibration points, Poly(2,6-dimethyl-
1,4-phenylene ether) samples are prepared by dissolving 0.27 grams poly(2,6-dimethyl-1,4-
phenylene ether) solid in 45 milliliters toluene. A 50 microliter sample of the resulting
solution is injected into the chromatograph, The values of number average molecular weight
(M,} and weight average molecular weight (M) are calculated from the measured signal
using the polystyrene calibration line. The values are subsequently converted from
polystyrene molecular weight to true poly(2,6-dimethyl-1,4-phenylene ether) molecular
weights using the formula: M(PPO) = 0.3122 x M(PS)y"7*,

[0077] Process variations are summarized in Table 1. In Table 1, *Initial
2,6-dimethylphenol (wt%)” is the weight percent of total 2,6-dimethylphenol initially present
in the reaction mixture; “Addition time (min)” is the time in minutes over which the
remainder of 2,6-dimethylphenol is added; “2,6-dimethyiphenol:Cu mole ratio” is the molar
ratio of total 2,6-dimethylphenocl to copper; “DBEDA:Cu mole ratio” is the molar ratio of
N,N’-di-tert-butylethylenediamine to copper; “Oxygen:2,6-dimethylphenol feed mole ratio”
is the molar ratio of molecular oxygen to 2,6-dimethylphenol fed to the reaction mixture
during the addition of the remainder of 2,6-dimethylphenol; “Build temperature (°C)” is the
temperature in degrees centigrade at which the reaction mixture is maintained during the
build phase of the reaction; “Total reaction time (min)” is the elapsed time in minutes
between the beginning of the polymerization reaction (introduction of oxygen to the reaction
vessel) and the end of the polymerization reaction (termination of oxygen addition to the
reaction vessel); “Pump-out temperature (°C)” is the temperature in degrees centigrade to
which the combined reaction mixture and chelant solution are raised before being pumped out
of the reactor into a vessel with additional water; “Total chelation time (min)” is the elapsed
time between initiating addition of the chelant solution to the post-termination reaction

mixture and completing separation of the combined reaction mixture, chelant solution, and
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2.18 1.72 IsolatedpowderlV (dUg) 1.93 1.25 1.70 1.31 Isolatedpowder Mw/Mn 5.0 6.1 6.4 5.3 Table 2
(cont.) C. Ex. 15 C. Ex6 C. Ex. 17 C. Ex. 18 Catalyst (g)

additional water into a poly(2,6-dimethyl-1.4-phenylene ether) solution and an aqueous
phase; “Time to start precipitation {(min)” is the elapsed time in minutes between the end of
the polymerization reaction and the time when a first portion of the poly(2,6-dimethyl-1,4-
phenylene ether) solution is combined with a first portion of the antisolvent; “Time to end of
precii:itation {min)” is the elapsed time in minutes between the end of precipitation and the
time when the Jast portion of the poly(2,6-dimethiyl-1,4-phenylene ether} solution is combined
with the last portion of antisolvent; “End of reaction IV (dL/g)” is the intrinsic viscosity,
expressed in deciliters per gram, of the poly(2,6-dimethyl-1,4-phenylene ether) at the end of
the polymerization reaction; “Powder IV (dl/g)” is the intrinsic viscosity, expressed in
deciliters per gram, of the finally isolated poly(2,6-dimethyl-1,4-phenylene ether) powder
(i.e., the product of the complete process); “IV drop (%) is the percentage change in intrinsic
viscosity between the end of the polymerization reaction and the final isolation; “End of
reaction M, (AMU)” is the number average molecular weight, expressed in atomic mass units
(AMU), of the poly(2,6-dimethyl-1,4-phenylene ether) at the end of the polymerization
reaction; “Isolated powder M, (AMU)” is the number average molecular weight, expressed in
atomic mass units, of the finally isolated poly(2,0-dimethy!-1,4-phenylene ether) powder;
“End of reaction M/M,” is the polydispersity index (weight average molecular weight
divided by number average molecular weight) of the poly(2,6-dimethyl-1,4-phenylene ether)
at the end of the polymerization reaction; “Isolated powder My/M,,” is the polydispersity
index (weight average molecular weight divided by number average molecular weight) of the
isolated poly(2,6-dimethyl-1,4-phenylene ether) .powder; “End of reaction wt% <30,000 (%)
1s the weight percent of the end-of-reaction poly(2,6-dimethy!-1,4-phenylene ether) having a
molecular weight less than 30,000 atomic mass units; “Isolated powder wt% <30,000 (%) is
the weight percent of the finally isolated poly(2,6-dimethyl-1,4-phenylene ether) having a
molecular weight less than 30,000 atomic mass units.

[0078] The resuits in Table ! show that Examples 1 and 2 exhibited much smaller
reductions in intrinsic viscosity and much smaller increases in weight fraction less than
30,000 atomic mass units between end of reaction and isolation than did Comparative
Examples 1-3. Examples 1 and 2 had lower pump-out temperatures and shorter elapsed times

between end of reaction and precipitation than did the Comparative Examples.
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42.3 29.6 29.6 29.6 DBEDA (g) 13.09.1 9.1 9.2 DBA (g) 0 0 2.8 5.5 DMBA (g) 87 87 87 87 Initial
2,6-dimethylphenol (wt%) 10 10

Table 1

C.Ex.1 CEx.2 |CEx3 |Ex.!I Ex.2
Initial 2,6-dimethylphenocl = 10 10 10 25 2.5
(wt%)
Addition time {min) 45 45 45 58 58
2,6-dimethylphenol:Cu  mole | 114:1 108:1 108:1 101:1 101:1
ratio
DBEDA:Cu mole ratio 1.83 1.74 1.74 1.74 1.78
Oxygen:2,6-dimethyiphenol 0.35:1 0.39:1 ]0.39:1 057:1 0.57:1
feed mole ratio
Build temperature (°C) 46 46 46 46 40
Total reaction time (min) 130 130 130 145 207
Pump-out temperature (°C) 60 60 60 50 50
Total chelation time (min) 80 80 30 <30 <30
Time to start of precipitation | 650 420 360 200 60
(min)
Time to end of precipitation | 800 580 540 410 240
(min)
End of reaction IV (dL/g) 1.68 2.05 2.05 1.91 1.84
Isolated powder IV (dL/g) 1.05 1.42 1.37 1.55 1.64
IV drop (%) 38 31 33 21 11
End of reaction M, (AMU) 88,000 | -- - 93,000 | 75,000
Isolated powder M; (AMU) 14,000 - -- 19,000 33,000
Isolated powder M, (AMU) 133,006 | -- - 200,000 | 228,000
End of reaction M,/M, 2.5 - - 2.9 3.4
Isolated powder Mo/M, 5.5 - - 11.0 6.9
End of reaction wt% <30,000 | 5.2 - - 5.0 59
(%)
Isolated powder wt% <30,000 | 42.1 - -- 26.4 16.2
(%)
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10 10 Oxygen flow (SLM) 0.40 0.40 0.40 0.40 Exotherm temperature (C) 25 | 25 25 25 Endof
reactionlV (dL/g) 2.48 2.03 1.82 2.11 IsolatedpowderlV (dL/g) 2.73 2.12

COMPARATIVE EXAMPLES 4-18

{0079] These experiments were conducted on a laboratory scale and are intended to
isolate the effects of individual process variables. All reaction mixtures included 270 grams
of 2,6-dimethylphenol and 3,200 grams of toluene. The addition time for 2,6-dimethyiphenol
was always 45 minutes. During the build phase of the reaction, oxygen concentration was
maintained at 10 volume percent. After 130 minutes of reaction (at the end of the build
phase), oxygen flow to the reactor was stopped. Then, the temperature of the reaction
mixture was increased to 60°C and a trisodium nitrilotriacetate solution was added to chelate
the copper catalyst. After 90 minutes of stirring at 60°C, the mixture was centrifuged for 30
minutes at 70°C to separate the agneous and organic phases. The poly(2,6-dimethyi-1,4-
phenylene ether) was precipitated by combining the organic phase with methanol antisolvent,
and the resulting poly(2,6-dimethyl-1,4-phenylene ether) powder was filtered and dried
overnight at 135°C.,

[0080] In Table 2, “Catalyst {g)” refers to the weight, in grams, of the cuprous oxide
solution described above; “DBEDA (g)” refers to the weight, in grams, of
N,N’-dibutylethylenediamine; “DBA (g)” refers to the weight, in grams, of di-n-butylamine;
“DMBA (g)” refers to the weight, in grams of dimethyl-n-butylamine; “Oxygen flow (SLM)”
refers to the oxygen flow rate, in standard liters per minute, into the reaction vessel during the
exotherm phase of the reaction; “Exotherm temperature (°C)” is the temperature at which the
reaction mixture is maintained (via cooling) during the exotherm phase of the reaction;
“Isolated powder M,./M," is the polydispersity index (weight average molecular weight
divided by number average molecular weight) of the isolated poly(2,6-dimethyl-1,4-
phenylene ether) powder.

[0081] Analysis of the results for the group of examples summarized in the first part
of Table 2 reveals that higher end-of-reaction intrinsic viscosities are associated with lower
oxygen fiow rates and lower temperatures during the exotherm phase. Analysis of the group
of examples summarized in the second part (the first continuation) of Table 2 reveals that
higher end-of-reaction intrinsic viscosities are associated with higher catalyst concentrations.
Analysis of the group of examples summarized in the third part (the second continuation) of
Table 2 revealed no statistically significant correlation between end-of-reaction intrinsic

viscosities and di-n-butylamine concentration,
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1.78 2.00 Isolatedpowder MaMn 5.8 4.5 5.6 5.5 COMPARATIVE EXAMPLES 19-32

[0082] These

examples illustrate the effects of chelation temperature and time on the intrinsic viscosity of a
poly(2,6-dimethy1-1,4-phenylene ether). The poly(2,6-dimethyl1-1,4- phenylene ether) was produced in
a lab-scale reactor using 17.3 grams catalyst, 5.33 grams dit-butylethylenediamine, 9.86 gram
di—n-butylararlljilrg 32.1 gram dimethyl-n-butylatnine, 5 weight percent of total 2,6-dimethylphenol initially
present, an oxygen flow of 0.30 standard liters per minute, and a 30C exotherm temperature. After

stopping‘ the oxygen feed, the requltifiz soltiGm.wa& dividediniéxtwpJatketed vEssel<ad. trisodium
nitrilotri cetate and water were agiged. One vesse| ﬁ/as l_<ep.t7at SQC nd the ( .her at 6J C. Atthe noted
times, a isample was taken from the vessels and (aiter dilution with foluene)|injected|into a gel
permeat|dratdiygitiitograph to detetfrine thitihtrinsEAdscosiy 8f the Bbby(2,62dimethyA78,4- phenylene
ether). TREERFTATS, presented M Table 3, sipw thagtie polyeZ6-dmathy=Ti4=ptrenyiepeether)
intrinsic viscasity.drops at a rate of about 5% per hour when the chelation temperatdre is 50¢, and a
rate of apBB 18 per hour when|tht chelatibn température i 60C.| Thble 3 CGhelatjohltempprature
CC) Chelgiian Aigg (hours) Intringig-Vscosgy (AL/g){TMErNNSIE §ASCositygghangegto) T91g#M™“Cl Ex. 19

Initial 2,6-dimethylphenol | 10 10 10 10 0 10 10

(wt%)

Oxygen flow (SLM) 0.66 0.66 0.66 0.66 0.40 0.40 0.66

Exotherm  temperature | 25 25 25 10 25 25 25

O

End of reaction IV (dL/g) | 1.58 1.65 1.67 2.05 1.92 1.98 1.34

Isolated powder 1V (dL/g) | 1.60 1.68 1.69 1.92 1.87 1.61 1.36

Isolated powder Mw/M; 33 3.9 4.0 4.4 4.3 7.1 3.7

Table 2 {cont.) |

C.Ex. 11 C.Ex. 12 C.Ex. 13 C.Ex. 14

Catalyst (g) 219 14.6 219 14.6

DBEDA (g) 6.7 4.5 6.7 4.5

DBA (g) 11 11 11 11

DMBA (g) 87 87 87 87

Inttial 10 10 10 10

2,6-dimethylphenol

{(wt%)

Oxygen flow (SLM) 0.53 0.40 0.40 0.53

Exotherm temperature | 15 15 15 15

°C)

End of reaction IV |2.15 1.78 2.18 1.72

(dL/g)

Isolated powder IV |1.93 1.25 1.70 1.31

(dL/g)

Isolated powder | 5.0 6.1 6.4 53

M/M,
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5001.75502.80C. Ex.205011.72122.65 C. Ex. 2150/ 1.656 6 3.29 C. Ex. 22 50 3 1.555 11

Table 2 (cont.)

C.Ex. 15 C.Ex. 16 C Ex. 17 C.Ex. 18
Catalyst (g) 42.3 29.6 - 1296 29.6
DBEDA (g) 13.0 9.1 9.1 9.2
DBA (g) 0 0 2.8 5.5
DMBA (g) 87 87 87 87
Initial 10 10 10 10
2,6-dimethylphenol
(wt%)
Oxygen flow (SLM) 0.40 0.40 0.40 0.40
Exotherm temperature | 25 25 25 25
(°C)
End of reaction IV |248 2.03 1.82 2,11
(dl/g}-
Isolated powder 1V | 273 212 1.78 2.00
(dL/g}
Isolated powder | 5.8 4.5 56 5.5
M/M,

COMPARATIVE EXAMPLES 19-32

[0082] These examples illustrate the effects of chelation temperature and time on the
intrinsic viscosity of a poly(2,6-dimethy!-1.4-phenylene ether). The poly(2,6-dimethyl-1,4-
phenylene ether) was produced in a lab-scale reactor using 17.3 grams catalyst, 5.33 grams di-
t-butylethylenediamine, 9.86 gram di-n-butylamine, 32.1 gram dimethyl-n-butylamine, 5
weight percent of total 2,6-dimethylphenol initially present, an oxygen flow of 0.30 standard
liters per minute, and a 30°C exotherm temperature. After stopping the oxygen feed, the
resulting solution was divided into two jacketed vessels and trisodium nitrilotriacetate and
water were added. One vessel was kept at 50°C and the other at 60°C. At the noted times, a
sample was taken from the vessels and (after dilution with toluene) injected into a gel
permeation chromatograph to determine the intrinsic viscosity of the poly(2,6-dimethyl-1,4-
phenylene ether). The results, presented in Table 3, show that the poly(2,6-dimethyl-1,4-
phenylene ether) intrinsic viscosity drops at a rate of about 5% per hour when the chelation
temperature 1s 50°C, and a rate of about 11% per hour when £he chelation temperature is
60°C.
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3.54 C. Ex. 23504 1.431 18 3.88 C. Ex. 24 50 20 0.641 63 5.03 C. Ex. 25 50 24 0.607 65 5.14 Table
3 (cont.)

Table 3

Chelation Chelation | Intrinsic Intrinsic M.,/M,

temperature | time viscosity | viscosity
O {(hours) (dl/g) change
(%)

C.Ex. 19 50 0 1.755 0 2.80
C.Ex. 20 50 1 1721 2 2.65
C.Ex. 21 50 2 1.656 6 S 13.29
C.Ex.22 50 3 1.555 11 3.54
C.Ex. 23 50 4 1431 18 3.88
C.Ex. 24 50 20 0.641 63 5.03
C.Ex. 25 50 24 0.607 65 5.14

Table 3 {cont.)

Chelation Chelation | Inirinsic Intrinsic Mo/Mg

temperature | time viscosity | viscosity
6} (hours) (dL/g) change
(%)

C. Ex. 26 60 0 1.755 0 2.80
C.Ex. 27 60 1 1.616 8 3.66
C.Ex. 28 60 2 1.349 23 4.86
C.Ex. 25 60 3 1.153 34 5.64
C.Ex. 30 60 4 0.996 43 6.18
C.Ex. 31 60 20 0.552 69 5.45
C.Ex.32 60 24 0.531 70 5.73

[0083] This written description uses examples to disclose the invention, including the
best mode, and also to enable any person skilled in the art to make and use the invention. The
patentable scope of the invention is defined by the claims, and may include other examples
that occur to those skilled in the art. Such other examples are intended to be within the scope
of the claims if they have structural elements that do not differ from the literal language of the
claims, or if they include equivalent structural elements with insubstantial differences from

the literal language of the claims.
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Chelation temperature (C) Chelation time (hours) Intrinsic viscosity (dl /g) Intrinsic viscosity change
(%) WhIME, C. Ex. 26 60 01.75502.80 C. Ex. 2760 1 1.616 8 3.66 C. Ex. 28 60 2

[0084] All cited patents, patent applications, and other references are incorporated
herein by reference in their entirety. However, if a term in the present application contradicts
or conflicts with a term in the incorporated reference, the term from the present application
takes precedence over the conflicting term from the incorporated reference,

[0085] All ranges disclosed herein are inclusive of the endpoints, and the endpoints
are independently combinable with each other.

[0086] The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the invention (especially in the context of the following claims) are to
be construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. Further, it should further be noted that the terms “first,”
“second,” and the like herein do not denote any order, quantity, or importance, but rather are
used to distinguish one element from another. The modifier “about” used in conneétion with
a quantity is inclusive of the stated value and has the meaning dictated by the context {e.g., it

includes the degree of error associated with measurement of the particular guantity)..
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1.349 23 4.86 C. Ex. 2960 3 1.153 34 5.64 C. Ex. 30 60 4 0.996 43 6.18 C. Ex. 31 60 20 0.552 69
5.45 C. Ex. 32

CLAIMS:
1. A method of preparing a poly(2,6~dimethyl-1,4-phenylene ether), comprising:
oxidatively polymerizing 2,6-dimethylphenol in toluene solvent in the presence of a
catalyst comprising copper ion and N,N’-di-rert-butylethylenediamine to form a reaction
mixture comprising a dissolved poly(2,6-dimethyl-1,4-phenylene ether), water, and the
catalyst;
wherein the oxidative polymerizing comprises initiating oxidative
polymerization in the presence of no more than 10 weight percent of the 2,6-
dimethyiphenoi;
wherein at least 95 weight percent of the 2,6-dimethylphenol is added to the
reaction mixture after the initiation of oxidative polymerization and over the
course of at least 50 minutes;
wherein the oxidatively polymerizing comprises adding molecular oxygen and
2,6-dimethylphenol to the reaction mixture in a mole ratio of 0.3:1 t0 0.65:1;
terminating the oxidative polymerization to form a post-termination reaction mixture;
combining a chelant comprising an alkali metal salt of nitrilotriacetic acid with the
post-termination reaction mixture to form a chelation mixture comprising
an aqueons phase comprising chelated copper ion, and
an organic phase comprising the dissolved poly(2,6-dimethyl-1,4-phenylene
ether);
wherein the chelation mixture excludes dihydric phenols and aromatic amines;
maintaining the chelation mixture at a temperature of 40 to 55°C for 5 to 100 minutes;
separating the aqueous phase and the organic phase; wherein the separation is
conducted at a temperature of 40 to 55°C; and
isolating the poly(2,6-dimethyl-1,4-phenylene ether) from the separated organic phase;
wherein time elapsed between termination of the oxidative polymerization and
isolating the poly(2.6-dimethyl-1,4-phenylene ether) is no more than 200 minutes; and
wherein the isolated poly(2,6-dimethyl-1,4-phenylene ether) has a number average
molecular weight of at feast 18,000 atomic mass units and less than 30 weight percent of
molecules having a molecular weight less than 30,000 atomic mass uvnits.
2. The method of ¢laim 1, wherein the chelation mixture further excludes mild
reducing agents selected from the group consisting of sulfur dioxide, sulfurous acid, sodium
bisulfite, sodium thionite, tin (II) chloride, iron (IT) sulfate, chromium (II) sulfate, titanium

(IIT) chloride, hydroxylamines and salts thereof, phosphates, glucose, and mixtures thereof,
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60 24 0.531 70 5.73 [0083] This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to make and use the
invention. The patentable scope of the invention is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other examples are intended to be within the

scope of the claims if tl}e_gg haxgq‘gtrﬁ[%uraael mentst}tlhat d({) no diffTr from, the literal language of the
claims, or if theylpi:lclud JivaieRt Stk turgrEiethents With ihst BSeiRGar di¥ferences from the literal
languagehf-thieneifmyipbenol cofdf8skl Alficitethgabte nisjgatentcagplications; anchdthig refenenices are

incorporataetg here%ﬁél%%ﬁ(ﬁ{ggg%i_n their entirety. However, if a term in the present application

. MpEra . . . .
contradicts or contlicts with a term in the incorporated reference, the term from the present application

‘takes precedende overifrrereshiiictingaiard fromaindhecoigavardndierensas  [0085] All ranges
diSC'Osedi@Eﬁiﬂe%o%%BEHb?ia’@nﬂM{&% £odBRINERN sandeats A iREPRKaRIlcOMbinable with

each other. ~ [0086] The use of the terms "a” and "an" and "the" and similar referents in the context
of descridRiE mtERRTATESBEIHM h%he context of the following claims) are to be construed to

cover both the sigularmaaddthroplufalaminiessheibirisectaticaied irergiaiat-aioriyrantradicted by
context. Further, it should, further be noted that th t%rrg\s "first," "second,".and th? like herein do not
i exc Land

denote a &ﬁgwaﬁgﬁﬁﬂ}faﬁ n?‘nnp ftae il Father are s pt%e%‘? I gu‘?élhe%erlseoéﬁee%ent from another.
The modifier "alfout” udéd metdoriectiom\ijtivizeogia ftitycisnimcingiveleldhersthtéd value and has the
meaning dictated th niext it i ﬁscﬂlé'ﬁa e [o]9] i urement of
the particgfg%aael?grg)tlt%g %%ﬁﬁs&xg#e#}%ﬁ%thod ofH ége%g%%ge ggg&%?gbgﬁﬁr%%‘tﬁg%? (?E?henylene
ether), col#ipHiBRign reacsigo AEaeyoRrR ASHSE 2, Soditiatiof| Bisahelan. telitsHasBivent in the presence

of a catalyshgompHisinarEoLRRLIAMANA g es-aualbyienadaBIne A dagTAjsaeien mixture

comprising a dissolved poly(2,6-dimethy1-1,4-phenylene ether), water, and the catalyst; wherein the

oxidative PURARE iR EHIB R Rdam P E:SEEATE BN ization in the presence of no more than 10
weight percent of.the 216 giigtayipbienol] eReliaim atd eaistRErwaightt gy eertehtie
2,6-dimethylphenol is added 1o the reaction mixture after the initiation, of axidati olymerization and
over the cEIPRFBETE SR VR AT b s A o SR R BN s adding
moleculampbxygermcatitt,6-dimethylphenol to the reaction mixture in a mole ratio of 0.3:1 to 0.65:1,

terminating the %{(idativglei[%;1 mg&igg&ilg%ét% i{%&@%&ﬁmg?ﬂpﬁe@ OE@HiFHé?éﬂ'y‘»fﬂ?, £ombining a

chelant comprising an I metal sa riacetic acid wit st-termination reaction mixture

to form a ehetalian sHiRtuFeoBoDMIEtethoaRIde BRASR SSBIRBFAD ASTARE ChElHretEpp &b ficand

separated organic phase and a first portion of antisolvent to produce a first poly(2,6-dimethyl-
1,4-phenylene ether) slurry; and mixing in a second stirred tank the first poly(2,6-dimethyl-
1,4-phenylene ether) slurry and a second portion of antisolvent to produce a second
poly(2,6-dimethyl-1,4-phenylene ether) shurry,

9. The method of claim 8, wherein the separated organic phase comprises 6 to 10
weight percent poly(2,6-dimethyl-1,4-phenylene ether).

10.  The method of claim 8, wherein the first portion of antisolvent and the second
portion of antisolvent each independently comprise 75 to 85 weight percent methanol and 15
to 25 weight percent toluene.

11.  The method of claim 8§, wherein the weight ratio of the separated organic
phase to the first portion of antisolvent is 1.5:1 to 2:1; and wherein the weight ratio of the first
poly(2.6-dimethyl-1,4-phenylene ether) slurry to the second portion of antisolvent is 0.9:1 to
1.2:1,

12, The method of claim 8, wherein the mixing in a first stirred tank and the
mixing in a second stirred tank are each independently conducted at a temperature of 45 to

55°C.
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an organic phase comprising the dissolved poly(2,6-dimethy1-1,4-phenylene ether); wherein the
chelation mixture excludes dihydric phenols and aromatic amines; maintaining the chelation mixture at
a temperature of 40 to 55C for 5 to 100 minutes; separating the aqueous phase and the organic
phase; wherein the separation is conducted at a temperature of 40 to 55C; and isolating the
poly(2,6-dimethy1-1,4-phenylen er) from, the.separated organic phase; wherejn time elapsed
between terminﬁg%On of eeﬂgeﬁcﬁ’gtf%gﬁﬁlo y%ﬁt‘a“ﬁ% %Bgt%n%nl{sm 'f#lag ]tﬁtesp%ﬁ%/%é%?ﬁ%de%@l-l,4-phenylene
ether) is nmoinvhgréthaec@@0stimedtesk andharavkrereirbthetisel aved mpoly 26 -dimetiyd drbphénylene.
ether) ha§oadmggfe? erage rlggjhecular weight of at least 18,000 atomic mass units and less than 30
weight percent of molecules ffaving a molecular weight less than 30,000 atomic mass units. 2

The method of cldim 1 whersindieé driamatiorhaipiuie isplasdaxdridesimighddutiphyayers selected
from the grqup EANSisting: Al SulbnAiRKide sHlfuiusacid, s9dium RisHifitgasodiym thionite, tin (IL)

chloride, iron () sulfate, chromium (Ib sulfate, titanium_(lll) chloride, hydroxylamines and salts thereof,

phosphates, gluédse, A meaRe ppadr wher ?"F}r‘l%‘Fﬁ@ﬂ’?{;d’?}ﬁ’@zﬁ%@?w}ﬁ%}reﬂﬁmﬁ%‘?ﬂﬁatively

polymerizifg:3 a6 inmaiayitpie ok easiiEe SHai s LS tagRorD W ICiD i teaatiomaxxikie. is cooled to

maintain a temp ature}:| f 10&10 ?g&l 4. The metg%? of claim. 3, wherein the ?xid?ltivel
S n

. . etho aim 1. wherein a erence in intringic viscosity less. tha; OJY
polymerizing 2,6-BimethyTgRenol Comprises a second stage in WHich the reacti ixtire'is heated to

maintain aderhfpetapmeat 200tedE 00, betw&nTthe divetiosl! b Gleld-dinvetiatel i thle:tolahevatght of
2,6-dimet MQ%%IIEBQ #I}&wmm[?%%&ﬁ?&g%% total weight of 2,6-dimethylphenol and
e 5 , : .

toluene solvent. e method ofclaim™1, wherein thé combining a chelant with the

post-terminationlreactidhamigtied €8 ¢htin & cHsEslibA AlagreTHNprsas sisamining thépdst-termination
reaction rpixieR WithsaR-aomeEsSALERLRENs.Thelsntiaditg!ing thentemnpenattreafithe resulting

mixture to 40 to 55C, and pombinig%];he resulting temperature-adjusted mixture with water to form the

chelation HAM{GAPOLY ZX-Finedr soPSFRILAT $HE%kIuding a solvent removal step between the
terminating the aridativenpalythetizatiamandiiecdsclati fgrhecpalyRitsdimeihyd- kd-tphenylene ether).
8. The method of c@i 1,.wherein the isolating the poly(2.6-dimethy1-1 4- phenylene ether) from the
coparate BT R B T e e e BB Bhae and
first portigrhafydesahentid hrodoked firsi pohdiznetaimethgttmdpheetiilene ether) slurry; and mixing in

a second sirred fgnk te fst g2 SximetilLArNenUEns SRR and A sagaqd porton of

antisolvent to produce a second poly(2,6-dimethy1-1,4-phenylene ether) slurry. . The method of
claim 8, WwietesriRe searstediirganiepRR¥Rstaprs w6 wWitockigtbperesanal to 25
poly(2,6-dimetpbricAtRNENMSRE RINRDN the d%olh@ w;f(@,@wafrﬁé%i?lw6,4%@@1&@&%@%@9rtiOn of

y

antisolvent and the second portion of antisolvent each_independently comprise 75 to 85 weight percent

methanol BAFEES PRI pefedne tailiendene eR9DThe method of claim 8, wherein the weight ratio
of the separated20rganithp hasdibdheldisst patitosi ok aitisetveritisd didptecnl phndadigeein the weight

ratio of the first poly(2,6-dimethy1-1 4-ph e ether) slurry to t d paortion of antisolvent is

D91 10 1 e L B S B S BRI the rving i

a second sitiveadddrekvaren daci iralapbpeleRIg-dondbistediaplenglenpertan et 48 twhEA. 13. The

method 0[381?& é&%ﬁ{ﬁm Ehﬁh'gﬁﬁ&% i&ﬁ%lfjrst stirred tank and the mixing in a second stin-ed tank are
] I o - S

characterized by a total mixing energ%tipf less than or equal to 4 kilojoules per kilogram. 14. The

method of claim2L-whet8fRednaeetp Ay B editizrispiated noh dyiehadtiybr) frabea g ht average
molecular:yueightoh abeast e HURGHNASS MMHBto 5 parts per million by weight.

22.  The method of claim 1, wherein the isolated poly(2,6-dimethyl-1.4-phenylene
ether) has a copper concentration of 0.5 to 5 parts per million by weight.

23.  The method of claim 1, wherein the catalyst further comprises
dimethyl-n-butylamine, di-n-butylamine, or a mixture thereof.

24. The method of claim 1, wherein the catalyst further comprises
dimethyl-n-butylamine and di-n-butylamine.

25. The method of claim 1,

wherein the catalyst further comprises dimethyl-n-butylamine and di-n-butylamine;
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15. The method of claim 1, wherein the isolated poly(2,6-dimethy1-1,4-phenylene ether) has a weight
average molecular weight of 150,000 to 230,000 atomic mass units. 16. The method of claim 1,
wherein a difference in intrinsic viscosity less than or equal to 25 percent is observed between the
dissolved poly(2,6-dimethy1-1,4-phenylene ether) and the isolated poly(2,6-dimethy1-1,4-phenylene
ether). 17. The method of claim 1, wherein a difference in intrinsic viscosity of 10 to 25 percent is
observed betweSH dESRA HORIE BEH RS FRAPEE LI R HEs S Sy AR Re edigtdd
poly(2,6-dimeegtleydnds 4fahenytenigheieesynt of th8 2 hhdimgihiptheftlaim 1, wherein a difference in
intrinsic viscosity less.than or equal.to 0.30 deciliters per. gram s, observed, between the dissolved
poly(2,6-dimeth;s/q}i{:‘f(zl}Il Shlgﬁsytlgglgv Si%?é‘rgeé%e e |éeo?'a%é%%%atg‘(g%%?m%tﬁ%fﬁ%% reeﬁf/fgﬁle ether).

19. The nmwihbdeafteldimn ihjtwheraihaidifferepdennnreigint quer ceet bt nwisewieSShavifig a molecular
weight Ies&%&go,ooo atomic mass units of less than or equal to 25 weight percent is observed
between the dissolved poly(2,6-dimethy1-1,4-phenylene ether) and the isolated
poly(2,6-dimethy1bsrairpihe syidaévatn eplymeriome TR prsth S bR ki Qulhsasipraifference in weight
percent obraalasuigsaavinsaHnRisGanweightlass danskd Gahaiqpiicsmass units of 10 to 25 weight
percent is observed between the dissolved poly(2,6-dimethy1-1,4-phenylene ether) and the isolated
poly(2,6-dimethy IS 4R RE A IEAR SR EA Y mer B e s g IPSF RFLSACLO SRR Peso i EE 0 ated
poly(2,6-dwhedinhk-tAbtpirenitane gther-basabapiper conpeentatisfPEas3ran Hidedgdabia 5 parts per
million by weight. .. .22. The method of claim 1, wherein.the isolated pol -dimethy14,4-phenylene
cthon) e B e e b e B B SR Y B B ctod of chaim

1, wherein the cathdyan firthartoohyprisessdimatiapl-iebotylatenbstoisasithetaminetigr thamixture thereof.

24. 1he mathad it R 16l dha cataheh (L srcpmRtiaas Ui dyamine and

di-n-butylamine 25. The method of claim I, wheréin the catalyst further comprises

dimethyl-n-butyl3ffFfandhel dciibtityTartiels mapipacsiathamerative pofyrierzifdedtrises initiating
oxidative polymnatkzation in the presence of 1 to 3 weight percent of the 2,6-dimethylphenol;  wherein
at least 97 weight percent of the 2,6-dimethylphenol is added to the reaction mixture after the initiation

of oxidative poly TS8R SSREUE BrGtIerarE=Ts Bt s hasa et dhd Brddatively
polymeriziagyponaprisés aiadisgimolecular oxygen and 2,6-dimethylphenol to the reaction mixture in a

mole ratio of 0.3;Lto 0.5:1: , wherein the oxidativel lymerizing 2.6-dimethylpheriol comprises a
st stage i whi e L S s o R LR RS %0, and
second stégétnsvhichothie fedotiotyhildupbasyimatediao malhtaitDartertpsrature of 30 to 40C;

wherein the methag, e4GHiIRS: A SONENLIERENRASLSRAEMERA IS (TRINaING e, aridaive

polymerization and the isolating the po \é%)z,6-dir_nethyl—1,.4-phenylene ether);  wherein the chelation
mixture is AATREAH G ERLPERHETAR 78 BB episTeass pars rsid HrimateyeightpprseaiPthe separating

the aqueomsiphasenati therngania Rease isssenduciedmiaiempeiativig ofdd to 55C;  wherein
A L M S R
poly(2,6-dimethybibd oflfehydensathen) hakaa bumdightaverage molecular weight of 20,000 to 35,000
atomic mass unissand 40,8 A0CGIAN PSP IRSSHIES ARG ALTRlERaf Usighidess thar
27. A fiber comprising the poly(2,6-dimethyl-1,4-phenylene ether) solid of c¢laim
26.
28.  An article comprising the poly(2,6-dimethyl-1.4-phenylene ether) solid of
claim 26.
29. A poly(2,6-dimethyl-1.4-phenylene ether) solid having
a number average molecular weight of at least 18,000 atomic mass units, and
less than 30 weight percent of molecules having a molecular weight less than 30,000
atomic mass units.
30.  The poly(2,6-dimethyl-1,4-phenylene ether) solid of claim 29, having a copper

concentration less than or equal to 5 parts per million by weight.
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wherein the isolated poly(2,6-dimethy1-1,4-phenylene ether) has a copper concentration of 0.5to 5
parts per million by weight. 26. A poly(2,6-dimethy1-1,4-phenylene ether) made by the method of |
claim 25. 27. A fiber comprising the poly(2,6-dimethy1-1,4-phenylene ether) solid of claim 26.

28. An article comprising the poly(2,6-dimethyl ,4-phenylene ether) solid of claim 26. 29. A
poly(2,6-—dimethy1-1,4-fhenylene ther) solid havin%]la?l number average molecular weight of at least

18,000 atomic nidss unig PRRE>©- RahBBPRBHE sEiTeiP bt Afoieémeés pradiinbr¥irdolecular weight
less than 30,000 ateibie masgeittecular3ii ditePuiy(Bacpetiydckhdcphanyiaae ether) solid of claim

29, having a copper ggncentration less than oy equal to 5 parts per milgo by Weigé; . 31. The
poly(2,6-dimeth§l/ll-f?4§- REREIERE &Y tecg %18% %{ %ﬁﬁi‘rfﬁnﬁﬁ ﬁ%ﬁﬁf%fv‘ﬁ%g tﬁ%ﬁ‘&? é%e molecular
weight of 201000nte35;00@mtomic mass units, 16 to 20 weight percent of molecules having a

molecular weigh é%ﬁﬁeﬁhc%ﬂ %%Q&%@B%jg t@?@%ﬁnﬁ%ﬁégo@x %&%pﬁé%?ncentration of 0.5 to 5 parts per

million by weight. 32. A fiber comprising the poly Ime phenylene ether) solid of claim
29.  33. An afficle cOfipristngiieips iepeluitfetiyeid-baieriene tibe))solid of dlaiim 29.  34.
The articleg@f claim 33. wherein the article is an asyrnmetic hollow fiber membrane. 35. A fluid

separation apparatus comprising the asymmetric hollow fiber membrane of claim 34.
33.  Anarticle comprising the poly(2,6-dimethyl-1,4-phenylene ether) solid of

claim 29.

34.  The article of claim 33, wherein the article is an asymmetric hollow fiber
membrane.

35. A fiud separation apparatus comprising the asymmetric hollow fiber

membrane of claim 34.
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